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Abstract

Objectives: To investigate the effects of a 24-week programme of upper- and lower-
limb aerobic exercise training on walking performance and quality of life in patients
with symptomatic peripheral arterial disease (PAD) and to study the mechanisms, which
could influence symptomatic improvement.

Methods: Following approval from the North Sheffield Local Research Ethics
Committee, 104 patients (median age 69 y, range 50-85 y) with stable PAD were
randomised into an upper- or lower-limb aerobic exercise training group, or to a non-
exercise training control group. Training was performed twice weekly for 24-weeks at
equivalent relative exercise intensities. An incremental arm- and leg-crank test (ACT
and LCT, respectively) to maximum exercise tolerance was performed before and at 6-,
12-, 18- and 24-weeks of the intervention to determine peak oxygen consumption

(V02). Walking performance, defined as the claudication and maximum walking
distance (CD and MWD respectively) achieved before intolerable claudication pain,
was assessed at the same time-points using a shuttle-walk protocol. Peak blood lactate
concentration, ratings of perceived exertion (Borg RPE) and pain (Borg CR-10) were
recorded during all assessments. Physical activity status, community-based walking
ability and quality of life were assessed throughout the intervention period. Assessments
were repeated 6-, 12-, 24- and 48-weeks following the intervention period.

Results: Both CD and MWD increased over time (P < 0.01) in both training groups.
At 24-weeks, CD had improved by 56% and 65% and MWD had improved by 30% and
35% (P < 0.01) in the upper-limb and lower-limb exercise groups, respectively. These
changes were associated with improvements in community-based walking distance,
speed and stair-climbing ability (P < 0.01). All patients assigned to exercise training

exhibited an increase in LCT peak VO: at the 24-week time-point in relation to baseline

measures (P < 0.01) and control patients (P < 0.01), whereas ACT peak VO2 at the 24-
week time-point was only improved in the upper-limb exercise training group (P <
0.05). An increase in peak blood lactate concentration (1.95 + 0.14 vs. 2.40 £ 0.17 mM,
mean + SEM; P < 0.05) and amount of pain experienced at MWD (P < 0.05) was only
observed in the upper-limb exercise training group. This suggests that an alteration in
exercise pain tolerance accounted, at least in part, for the improvement in MWD in this
group. Upon completing the intervention period the general health status of both
exercise training groups was improved in relation to the control group (P < 0.05).
However, improvements in physical functioning and bodily pain in relation to baseline
(P < 0.05) and energy and vitality in relation to control patients (P < 0.05) were only
observed in the upper-limb training group. At 48-weeks follow-up, CD remained
improved by 39% and 48% (P < 0.05) and MWD remained improved by 18% and 26%
(P < 0.05) in the upper-limb and lower-limb exercise groups, respectively, compared to
baseline measures. A retained improvement in walking confidence (P < 0.01) and
community-based walking distance (P < 0.05) was also observed, however global
physical activity status in both exercise trained patient groups, returned to baseline.
Conclusions: Both upper- and lower-limb aerobic exercise training can be useful
exercise training modalities for improving cardiovascular function, walking
performance, exercise pain tolerance and quality of life in patients with symptomatic
PAD. This study suggests that a combination of physiological adaptations and altered
exercise pain tolerance might account for the improvement in walking performance
achieved through upper-limb aerobic exercise training in patients with PAD. This study
also indicates that although walking performance remained improved in both exercise
trained patients at 48-weeks follow-up, as compared to baseline measures, a progressive
dwindling of improvement was observed over this time period. Reluctance for the
continuation of exercise in the home-setting was observed.
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Chapter 1 - Introduction

1.1 Background information

Peripheral arterial disease (PAD) is a clinical manifestation of atherosclerosis that is
prevalent in industrialised societies (Mohler III ef al. 2003). Epidemiological studies
illustrate that PAD is very common when screening is performed in older adults
(Newman, 2000). Intermittent claudication is the most common symptomatic
manifestation of mild to moderate PAD (Regensteiner ef al. 1997a), typically occurring
in one out of every 20 people over the age of 65 years in the general population (Beebe,
2001). The condition usually results from atherosclerotic narrowing of the lower-limb
arteries (Santilli et al. 1996) and it is generally characterised by lesions within the
aorto-iliac and/or superficial femoral arteries, popliteal arteries or femoropopliteal

arterial segments.

In the presence of slowly progressive arterial stenosis, blood flow through collateral
channels is usually sufficient to maintain normal metabolic function at rest, but is
inadequate to meet an increased metabolic demand during exercise (McCombs and
Subramanian, 2002). During ambulation, when the arterial oxygen supply is insufficient
to meet the metabolic requirements of the exercising leg muscles (Beebe, 2001;
Regensteiner and Hiatt, 1995), the environment for substrate metabolism becomes
relatively anaerobic, thereby resulting in the local accumulation of lactic acid and
metabolic by-products; this accounts for the development of muscle pain and tightness

(claudication) (McCombs and Subramanian, 2002).

The term ‘claudication’ is derived from the Latin word claudicare, meaning to “limp”,
after the Roman Emperor Claudius who limped - limping is the typical gait pattern
observed in patients with claudication (Hiatt and Nehler, 2001). Patients typically walk
at a slower pace and exhibit a decreased step length and cadence compared with age-
matched healthy individuals and these abnormal gait parameters impair walking ability
(Scherer et al. 1998). The pain is often described as cramp-like (Beebe, 2001), and
although this most commonly affects the calf muscles (Hiatt and Nehler, 2001), it can
also affect the thigh and buttock regions in one or both legs during walking (Santilli ez
al. 1996). The pain usually subsides within ten minutes of rest (McDermott et al.

2002b) in patients with mild to moderate disease.



Compared with healthy individuals of a similar age, the peak treadmill walking

performance of patients with claudication is reduced by 50% to 60% (Hiatt and Nehler,

2001). Furthermore, on the basis of peak oxygen uptake (702 ) measurements, these
patients exhibit an approximately 50% reduction in peak aerobic exercise capacity
compared to healthy age-matched control patients (Hiatt ef al. 1987; Hiatt et al. 1988)
- the clinical condition of these patients is therefore of a similar severity as class I1I
heart failure patients (Hiatt, 1999). The condition is also associated with an increased

risk of cardiovascular morbidity and mortality (Regensteiner and Hiatt, 2002b).

Intermittent claudication is a relatively common condition (Beebe, 2001), with males
developing claudication about twice as frequently as females (McCombs and
Subramanian, 2002). Approximately 2% of men aged 45-69 years and 1% of women
aged 50-69 years are affected (Hughson et al. 1978). The Framingham study estimated
the incidence of claudication at 26.6 per 1000 males and 13.3 per 1000 females less than
65 years of age (Kannel and McGee, 1985). The prevalence of claudication increases
with age, with up to 1 in 5 patients over the age of 75 years being affected (Spronk et al.
2003). When questioned, many older patients consider increased difficulty in walking to
be a normal consequence of ageing (Boccalon, 1999) and thus, do not report symptoms
to a physician (Beebe, 2001). This might account for the fact that, despite its prevalence,
PAD often remains undiagnosed and the risk of cardiovascular ischaemic events,
disease progression, functional disability, amputation and death are therefore increased
(Treat-Jacobson and Walsh, 2003). An under-representation of the condition might also

account for the observed gender differences in its incidence.

1.1.1 Natural history of intermittent claudication

Despite the functional impairment caused by intermittent claudication, its natural
history, in terms of the risk of disease progression with respect to disability and eventual
limb loss (McCombs and Subramanian, 2002) in the affected limb is relatively benign
(Nehler and Hiatt, 1999b). Patients with PAD can often remain at the same level of
walking impairment for years if not offered specific treatments (Regensteiner and Hiatt,
1995). Intermittent claudication can, however, progress in five different ways; 1)
improvement, ii) stabilisation, iii) worsening of the disease, but with no
revascularisation required, iv) worsening of the disease with revascularisation required,
and v) a requirement for amputation, usually after disease progression (Aquino et al.

2001). A large proporﬁon of claudicants (approximately 75%) improve spontaneously
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or remain stable (Gardner et al. 2004b), particularly those who stop smoking and
persevere with walking (Whyman and Ruckley, 1998). If patients with claudication
ignore the symptoms, a gradual process of decline usually occurs (Beebe, 2001). It has
been estimated that 30% to 40% of patients will experience a symptomatic and/or
objective deterioration over time, as measured by the ankle to brachial pressure index
(ABPI) (Aquino et al. 2001), with approximately 25% of patients experiencing a

deterioration in symptoms over five years (Bloor, 1961; Jelnes et al. 1986).

Rest pain is indicative of critical limb ischaemia (Creager, 2001), and further
deterioration could result in limb loss (Hiatt and Nehler, 2001). The cumulative 10-year
risk of developing ischaemic rest pain and ischaemic ulceration is reported to be 23%
and 30%, respectively (Aquino et al. 2001). Studies during the last 40 years suggest
that only about a quarter of patients with intermittent claudication will develop critical
limb ischaemia, and this deterioration typically occurs during the first year after
diagnosis (Aquino ef al. 2001). The yearly incidence of amputation is low and reported
to be between 1.4% (McCombs and Subramanian, 2002) and 5% (McDaniel and
Cronenwett, 1989).

1.1.2 Associated diseases and mortality

Patients with PAD are more likely to report exertional leg symptoms, and
musculoskeletal disease than non-PAD patients (McDermott ef al. 2002a). Population
studies of PAD confirm that older adults with PAD are disabled (Newman, 2000).
Interestingly, despite the major impact on physical exercise performance, the emotional
state and mental health of patients with intermittent claudication has been reported to be
relatively normal compared with age-matched healthy controls (Regensteiner ef al.
1996). However, some patients can feel very negative about their health and their future,

and this can lead to unemployment, social isolation and depression (Binnie ef al. 1999).

Although the prognosis for the claudicating limb is reasonably good (Tisi and
Shearman, 1998; Stewart and Lamont, 2001), PAD can be thought of as a marker of
advanced systemic atherosclerosis (Beebe, 2001; Newman, 2000), since its
identification increases the likelihood of there being co-existent coronary heart (CHD)
and cerebrovascular disease (Eberhardt and Coffman, 2004). The prognosis of patients
with these risk factors is poor as they are at greater risk of suffering from myocardial

infarction (MI), stroke, and cardiovascular death (Creager, 2001). Indeed, patients are
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classed as being at a high risk of sustaining such a systemic ischaemic event (Hiatt and
Nehler, 2001) and compared with aged-matched controls, patients with intermittent
claudication exhibit excess cardiovascular morbidity and mortality rates (Tisi and

Shearman, 1998; Stewart and Lamont, 2001).

Population studies confirm that patients with PAD have a high risk of total mortality
(Newman, 2000). Epidemiological studies have shown there to be a two to three fold
increase in cardiovascular disease (CVD) morbidity and mortality in patients with PAD
(Newman, 2000). Mortality has been reported to be 60% over 10 years (Hiatt, 1997a),
with most of these deaths resulting from M, stroke (Regensteiner and Hiatt, 2002b) and
other cardiovascular events (Creager, 2001). A four-fold increase in the overall
mortality rate among patients with large vessel PAD, as diagnosed by non-invasive
testing, and a 15-fold increase in rates of mortality due to CVD and CHD among
patients with large-vessel PAD which was both severe and symptomatic has been
reported (Criqui et al. 1992). The risk of CVD and mortality in patients with PAD is
similar to those with a history of MI or stroke, therefore it has been suggested that
patients with PAD should be subjected to the same measures as those recommended for

secondary prevention in MI and stroke survivors (Newman, 2000).

Intermittent claudication is therefore an important clinical predictor of increased
cardiovascular mortality (Boccalon, 1999). Lower ABPI, older age, stroke, and
diabetes-requiring medication have been reported to be the four key predictive risk
factors for mortality in claudicants (Aquino ef al. 2001). Cardiovascular mortality
correlates inversely with ABPI, and the risk of death is greatest in those patients with
most severe PAD (Creager, 2001). Prompt diagnosis and management of the condition
are crucial (Olin, 2002), and it is recommended that patients with PAD receive anti-

platelet therapy in order to prevent ischaemic events (Regensteiner and Hiatt, 2002b).

1.1.3 Diagnosis of intermittent claudication

PAD is probably the most under-diagnosed and least aggressively managed
atherosclerotic disease (Mohler, 2003). Although leg pain which is associated with
exercise and relieved by rest is suggestive of intermittent claudication, other conditions
such as major venous outflow obstruction, chronic compartment syndrome, nerve root
compression, and arthritis can cause similar, confusing symptoms (Beebe, 2001).

Claudication pain is associated with the location of the occlusive lesion, hence aorto-
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iliac occlusive arteriosclerosis produces pain in the hip, buttocks or thigh, whereas pain
associated with more distal femoropopliteal occlusive lesions typically occurs in the
muscles of the calf (Beebe, 2001). Non-invasive approaches to locate lesions include
magnetic resonance angiography, duplex scanning and haemodynamic localisation (Gey

et al. 2004).

The diagnosis of intermittent claudication is based on patient history and physical
examination. Although these are extremely important, they may prove to be of limited
value due to the lack of consistent sensitivity and specificity (Mohler, 2003). The
arterial physical examination includes pulse evaluation and careful inspection of the leg.
The most important predictor of clinical outcome has been reported to be the severity of
objectively determined arterial occlusive disease on initial evaluation (Aquino et al.

2001).

Diagnosis is usually confirmed by assessing the ABPI (Santilli et al. 1996). In addition,
occlusive lesions can be further localised by taking pressure measurements in the upper
and lower thigh and calf (Doppler segmental limb pressures) (Hiatt and Nehler, 2001).
Thigh pressures are decreased in patients with iliac occlusive disease, whereas patients
with disease more distal in the leg may exhibit a normal thigh pressure, but decreased

calf and ankle pressures (Hiatt and Nehler, 2001).

1.1.3.1 Ankle to Brachial Pressure Index (ABPI)

The ABPI provides important information regarding the diagnosis and prognosis of
PAD (Hiatt and Nehler, 2001). Serial measurements of Doppler ankle pressures have
been used extensively to quantify haemodynamic improvements produced by arterial
reconstruction and exercise rehabilitation, and to determine the progression of occlusive
disease (Baker and Dix, 1981). Screening based on ABPI using Doppler
ultrasonography may be more useful than physical examination alone (Gey ef al. 2004).
An ABPI should be performed in all patients suspected of having PAD, including
patients at risk by age criteria (older than 70 years) or in younger patients with risk
factors. This includes patients between 50 and 69 years of age who smoke or have
diabetes (Hiatt and Nehler, 2001). Patients with exertional leg symptoms should also be
evaluated with an ABPI (Hiatt and Nehler, 2001).



ABPI is a simple, non-invasive and reliable approach for the measurement of impaired
lower-extremity perfusion (McDermott ef al. 2002b). The ABPI is the ratio of ankle
(dorsalis pedis and posterior tibial arteries) to upper arm (brachial artery) systolic blood
pressure, and it is determined using a standard blood pressure cuff and a simple,
continuous wave Doppler ultrasound instrument (Beebe, 2001). The resting ABPI in
most patients who experience intermittent claudication is reduced (Amirhamzeh et al.
1997). An ABPI of less than 0.90 is 95% sensitive and 99% specific for PAD (Olin,
1998) and supports the diagnosis of peripheral arterial insufficiency (Amirhamzeh et al.
1997). However, multiple baseline determinations should be obtained on patients

studied longitudinally (Baker and Dix, 1981).

ABPI is calculated by dividing the ankle systolic pressure in each lower extremity by
the brachial systolic pressure (McDermott ef al. 1998b). Conflicting arguments exist
regarding the use of dorsalis pedis or posterior tibial artery pressures. It is important to
note that the dorsalis pedis artery may not be palpable in 5% of normal individuals
(Beebe, 2001). Previously the highest arm pressure (Baker and Dix, 1981) and the
higher of either the posterior tibial or dorsalis pedis systolic pressures in the more
severely diseased leg (Izquierdo-Porrera ef al. 2000) have been recommended for

calculation of ABPI.

More recently the association between ABPI and lower-extremity function has been
found to be strongest when ABPI is calculated by averaging the values from the dorsalis
pedis and posterior tibial arteries (McDermott et al. 2000). The brachial arterial
pressures in each arm should also be averaged to obtain the upper extremity pressure
(McDermott et al. 1998b). The higher of the two brachial pressures should only be used
if the two brachial pressures differ by more than 10 mm Hg, in which case subclavian
stenosis should be suspected (McDermott et al. 1998b; McDermott ef al. 2002a). The
lowest ABPI obtained from the right and left legs should be used in all calculations
(McDermott ef al. 2002a).



1.1.3.2 ABPl interpretation

Table 1. ABPI interpretation (Treat-Jacobson and Walsh, 2003).

ABPI Diagnosis
Above 0.90 Normal
0.71-0.90 Mild Obstruction
0.41-0.70 Moderate Obstruction
0.00-0.40 Severe Obstruction

ABPI values between 0.41 and 0.90 represent mild to moderate PAD, and values of
0.40 or less are consistent with critical leg ischaemia (Hiatt and Nehler, 2001). On the
basis of long-term follow-up of 1,244 patients with intermittent claudication having a

mean ABPI of 0.78, the average yearly decline in ABPI is 0.014 (Aquino ef al. 2001).

ABPI has been reported to be highly correlated with lower-extremity functional
measures (McDermott e al. 2002b). The ankle systolic pressure correlates closely with
direct intra-arterial pressure recordings, except at extremes of very high (0.8) or very
low (< 0.4) ABPI (Beebe, 2001). It is well correlated with disease severity and can be
used to assess disease progression and predict cardiovascular and cerebrovascular
mortality (Mohler, 2003). However, ABPI has not shown a good correlation with

walking performance in some studies (Beebe, 2001; Leder et al. 2002).

An accurate ankle pressure may not always be obtained (Hiatt and Nehler, 2001),
especially in patients with long standing diabetes (Beebe, 2001). Patients with diabetes
mellitus or end-stage renal disease might have calcified tibial vessels (Hiatt and Nehler,
2001). With incompressible vessels (Blackburn and Peterson-Kennedy, 1994), pressures
can be artificially increased (McDermott ef al. 2002b) and the clinical status
consequently appears to be better than it really is (Beebe, 2001). The pressure in these
calcified arteries is much greater than in the arm (> 200-250 mm Hg), leading to an
ABPI value of greater than 1.30 (Hiatt and Nehler, 2001). However, other reports have
found that mean ABPI is similar in PAD patients with and without diabetes (Dolan et
al. 2002).

Approximately 5% of patients with PAD have a normal ABPI (McDermott et al.
2002b). These patients should be referred to a non-invasive laboratory for Doppler
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waveform evaluation of the lower-extremity arteries and an exercise test on a treadmill
to evaluate post-exercise ABPI (McDermott ef al. 2002b). A significant decrease in
post-exercise ABPI confirms the diagnosis of PAD (Hiatt and Nehler, 2001). With
exercise testing it must change by at least 0.15 before it can be considered significant

(Baker and Dix, 1981).

1.2 Assessment of functional status

1.2.1 Introduction

Improving walking ability is the primary goal of treating intermittent claudication. The
condition is associated with a significant deterioration in functional capacity on exertion

(Askew et al. 2002). The limitation in exercise capacity reduces a patient’s level of

everyday physical activity (Barletta ef al. 1996). Determination of peak VO is
considered to be important for assessing a patient’s functional capacity (Womack et al.
1998) and is a common physiological variable measured during exercise testing, since
its measurement helps to further define the extent of exercise intolerance and sheds light

on the underlying causes (Askew et al. 2002).

The assessment of both walking ability (Regensteiner ef al. 1990) and functional status
in patients with intermittent claudication in the laboratory and community settings are
important, so that the relative efficacies of the various treatments can be judged
(Regensteiner, 1997). Quality of life should also be assessed, in order to ascertain the
benefit of a given treatment for patients with PAD (Regensteiner, 2004). Treadmill
protocols and questionnaire assessments are typically used (Regensteiner et al. 1997a),
since both provide a high degree of precision and accuracy, and are practical and

reproducible (Regensteiner and Hiatt, 1995).

1.2.2 Objective assessment of walking performance

1.2.2.1 Claudication and maximum walking distance

The primary measure of disability in patients with intermittent claudication is walking
distance (Watson and Collin, 1998). The arterial insufficiency to the extremities due to
the condition results in a mismatch of oxygen supply and demand to the working
muscles, causing ischaemic pain (Askew et al. 2002). Both claudication distance (CD,
distance at which claudication pain first occurs) and maximum walking distance
(MWD, maximum distance terminated by intolerable claudication pain) are considered

to be clinically relevant parameters (Labs ef al. 1999a). Any therapy designed to
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improve the symptomatic status of patients with claudication will typically result in an
increase in CD as well as MWD (Hiatt and Nehler, 2001). Determination of both CD
and MWD is part of a routine programme in the angiological examination of patients

with PAD (Muller-Buhl er al. 1999).

A prerequisite for any test that is used to quantify walking capacity in this patient group
is that it displays acceptable test-retest reliability (Labs et al. 1998), as defined in terms
of the coefficient of variation and intraclass and Pearson product moment correlation
coefficients of repeated tests, and that there is no significant difference in the readings
obtained from repeated tests. Most treadmill studies have reported coefficients of
variation for CD and MWD in the range of 15 - 40% (Cachovan et al. 1999; Gardner et
al. 1991; Labs ef al. 1999b; Labs ef al. 1998; Perakyla et al. 1998). The variability of
test-retest reliability coefficients reported from treadmill studies can probably be
explained by differences in the testing protocols used and/or the way in which the test
was administered, as well as the level of prior patient familiarisation and characteristics

of the sample population (Zwierska ef al. 2004).

The quantification of CD is the main outcome measure for clinical trials (Labs ef al.
1998), since the daily activities of patients with PAD are typically governed by the
onset of symptoms and not maximally tolerated discomfort (Mohler III ef al. 2003). It
has therefore been suggested that CD should receive greater attention than MWD in
everyday clinical practice (Muller-Buhl ef al. 1999). However, MWD has been found
to correlate in a better way than CD with the objective and subjective assessment
criteria of PAD (Muller-Buhl ef al. 1999), since patients’ own estimations of their CD
are very subjective and in many cases unreliable (Nasr ef al. 2002). MWD rather than
the CD therefore appears to be the most reliable (Chaudhry ef al. 1997) and important
criteria by which to assess these patients (Muller-Buhl et al. 1999). The assessment of
walking ability is not only an objective measure of the effectiveness of therapy, but it is
also a valuable tool for motivating and providing feedback to the patient (Binnie et al.

1999).

1.2.2.2 Treadmill tests of walking performance
Walking is the most common mode of assessment of intermittent claudication (Askew
et al. 2002). Treadmill testing provides an objective measure of walking capacity in

PAD (Hiatt and Nehler, 2001). Patients have a reduced treadmill exercise performance
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that is associated with severe limitations in physical functioning and ambulatory activity
in the community (Regensteiner ef al. 1996). It is widely believed that treadmill testing
is the gold standard means of assessment, since exercise performance can be
characterised and changes due to an intervention assessed (Regensteiner et al. 1990). A
change in treadmill performance in response to therapy is the most commonly used
endpoint in clinical claudication trials (Nasr ef al. 2002). Typically, a 25% to 50%
increase in treadmill performance is considered to be of clinical significance (Hiatt et al.

1995a; Hiatt, 1999).

There are two internationally accepted treadmill protocols, namely the constant-
workload protocol, which uses a constant speed and grade (mostly 2mph or 3.2km.h’
and 12% grade) and the graded (incremental) test, in which the speed is kept constant,
but the gradient is varied. This test begins on the horizontal, after which the incline
increases in pre-defined increments (e.g. 2%) at pre-defined intervals (e.g. 2 minutes)

(Labs et al. 1999a).

The time or distance to the onset of claudication pain and maximal walking time or
distance are recorded during an assessment (Nehler and Hiatt, 1999b). ABPI, blood
pressure and heart rate can also be determined immediately after treadmill testing, while
patients rest in the supine position on an examination table in close proximity to the
treadmill (Montgomery and Gardner, 1998). The constant-load treadmill test and the
graded-exercise treadmill tests show similar reproducibility (Cachovan, 1997).
Constant-pace tests are generally easier to administer and do not require a
programmable treadmill. In addition, there is a larger historical database derived from

constant-pace tests, as many of the earlier published studies have used such protocols.

However, incremental (graded) protocols have the advantage that they can be used to
assess walking performance in more heterogeneous patient populations with wide-
ranging walking abilities (Hiatt et al., 1995; Regensteiner and Hiatt 1995). In addition,
incremental protocols are likely to be more useful for re-assessing patients after a
treatment intervention (in which an improvement is expected), as they do not exhibit the
‘ceiling’ or ‘placebo’ effects which are more characteristic of constant-pace protocols
(Regensteiner and Hiatt, 1995). Incremental treadmill protocols are also generally
considered to have higher test-retest reproducibility for MWD than constant-pace

treadmill protocols (Hiatt ef al., 1995; Labs et al., 1999; Regensteiner and Hiatt 1995).
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However, there is some evidence that constant-pace tests exhibit superior

reproducibility for those patients with MWD in the range 50 - 150 m (Cachovan, 1997).

1.2.2.3 Alternative testing modalities

There are well documented limitations associated with treadmill testing, in that CD
measured during a maximal graded exercise test may not accurately reflect the effect of
claudication on everyday physical activities (Montgomery and Gardner, 1998).
Furthermore, treadmill testing does not measure the effects of an intervention on the
patient’s perceived ability to walk or carry out activities in the community setting
(Regensteiner et al. 1996). The test is costly and time-consuming (Montgomery and
Gardner, 1998), since treadmills are expensive and require the presence of trained
personnel (Cameron et al. 1997). Treadmill testing might not be available, practical or
feasible in all clinical and rehabilitation settings e.g. vascular screening clinics, nursing
homes, and retirement communities (Montgomery and Gardner, 1998). As a
consequence, treadmill testing can be impractical in large epidemiologic studies or
primary care settings (Regensteiner ef al. 1990). Some elderly patients might also find
treadmill assessments stressful (Amirhamzeh et al. 1997) or impossible to perform due

to restricting factors other than claudication pain (Perakyla ef al. 1999).

In addition to these potential problems, patients with claudication rarely need to walk at
the intensity attained during a maximal, graded treadmill test (Gardner et al. 2001).
Therefore, walking capacity assessed via incline treadmill testing might not accurately
reflect the influence of claudication on everyday functional ability (Montgomery and
Gardner, 1998; Coughlin et al. 2001), particularly walking ability on level ground in
the non-laboratory setting (Regensteiner ef al. 1990). Neither does treadmill testing
directly assess a patient’s perception of functional impairment, nor whether therapy has

resulted in benefit (Nasr ef al. 2002; Regensteiner et al. 1996).

One alternative to treadmill testing is a protocol in which patients walk up and down a
100-foot hallway for 6 minutes (the 6-minute walk protocol), during which they are
encouraged to complete as many laps as possible (Guyatt ef al. 1985). The test is
clinically useful because it is less time consuming and exhausting than a treadmill
graded exercise test and is less anxiety producing than other tests (Montgomery and
Gardner, 1998). When compared to the graded treadmill protocol, the 6-minute walk

test yields highly reliable measurements, which are related to the functional and
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haemodynamic severity of PAD in patients with intermittent claudication, when

compared with a graded treadmill protocol (Montgomery and Gardner, 1998).

Some studies have shown walking performance to improve significantly between the
first and second test during the six-minute walk test, but not between the second and
third test (Bauman and Arthur, 1997). These findings indicate that, as with treadmill
testing, familiarisation is essential prior to data collection during this type of testing.
However, in contrast, other studies (Montgomery and Gardner, 1998) have found no
significant change between the first and second test, suggesting that accurate results can
be obtained in patients with intermittent claudication following only one 6-minute walk
test. Compared with the standard graded exercise test, the 6-minute walk test is easy to
administer, requires less time, is less expensive, is better tolerated by patients and
provides a better approximation of walking ability typically encountered during
activities of daily living (Montgomery and Gardner, 1998). However, the 6-minute walk
test does have a few disadvantages, in that a walking test that is performed in a 100-foot
corridor logistically prevents immediate post-exercise measurements from being
obtained because patients are far from an examination table upon test completion
(Montgomery and Gardner, 1998). Personnel who administer the test must be trained to
provide the same instructions to all patients (Montgomery and Gardner, 1998).
Furthermore, the 6-minute walk test may not be as accurate in evaluating ambulatory
function in patients who have asymptomatic PAD (Fontaine Stage I), because of a
ceiling effect, and in patients with rest pain (Fontaine Stage III) or tissue loss (Fontaine

Stage IV), because of a floor effect (Montgomery and Gardner, 1998).

Other alternatives to treadmill testing include cycling. However, currently cycling has
little place in the assessment of intermittent claudication or prescription of exercise,
which might in some respect be due to the lack of data on the physiological responses to
cycling in intermittent claudication that are required to help determine or predict its
effectiveness, relative to walking as a mode of exercise assessment or prescription

(Askew et al. 2002).

An alternative exercise testing modality to treadmill walking for assessing the effect of
the disease or treatment intervention on the functional capacity of a patient is a shuttle-
walk test such as that developed by Singh et al. for patients with chronic airways

obstruction (Singh ef al. 1992). In a shuttle-walk test, patients walk back and forth
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between two cones placed a set distance apart on flat ground at a pace which is
controlled by audio-tape bleeps. Walking speed is increased incrementally - this
gradually stresses the cardio-respiratory system to a symptom-limited maximum (Singh
et al. 1992) and potentially makes it safer for patients with cardiac and respiratory

conditions.

Figure 1. Patient undertaking a shuttle-walk test

The shuttle-walk test has recently been evaluated in patients with intermittent
claudication, with respect to test-retest reliability, cardiovascular responses and patient
preferences (Zwierska et al. 2004). The test exhibited similar test-retest reliability as an
internationally accepted treadmill protocol (Labs ef al. 1999a), but evoked lower levels
of cardiovascular stress. Furthermore, compared to the graded treadmill protocol, the
incremental shuttle-walk test was the preferred method of assessing walking ability by a

large proportion of patients who expressed a definite opinion (Zwierska et al. 2004).

1.2.3  Questionnaires used to evaluatefunctional status

1.2.3.1 Introduction

Initial patient evaluation should consist of a clinical assessment of their disability,
including a walking test to maximal claudication pain (Nehler and Hiatt, 1999b).
However, in order to comprehensively evaluate functional status, it is important not
only to consider laboratory-based measures such as treadmill tests, but also to examine

community-based functional status such as can be obtained from questionnaires
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(Regensteiner and Hiatt, 1995). Certain well-established questionnaires assess walking
capacity (Nehler and Hiatt, 1999b) and provide patient-based information on
claudication severity and response to therapy (Hiatt, 1997b). Questionnaires that
evaluate functional status may play an important role in describing the benefits of
interventions in patients with PAD (Regensteiner et al. 1996; Regensteiner and Hiatt,
1995). To evaluate their validity, questionnaire responses have been correlated to
objective measures of walking performance and have been shown to have a high degree
of precision and accuracy, and to be practical and reproducible (Regensteiner and Hiatt,

1995).

It is important that a questionnaire is easy to administer and evaluate (Regensteiner and
Hiatt, 1995) and in the case of patients with intermittent claudication the most important
criterion for the quality of life is functional disability (Muller-Buhl ez al. 2003). The
condition impairs patient’s general health, and patients exhibit low scores for physical,
social and emotional function (Barletta et al. 1996). The expected gain in quality of life
should therefore be a crucial factor in the choice of treatment for patients with
intermittent claudication (de Vries ef al. 2002). Three such questionnaires that are used
to evaluate disease-specific functional status/quality of life, generic health related
quality of life and physical activity status are the Walking Impairment Questionnaire
(WIQ), the Medical Outcomes Study SF-36 questionnaire and the PAD-Physical
Activity Recall (PAD-PAR) questionnaire, respectively (Regensteiner ef al. 1997a).
These questionnaires have been used to quantify improvements in a patient’s ability to
walk distances and speeds, in the amount of habitual physical activity and in physical
functioning after treatment interventions (Regensteiner ef al. 1997a). The overall
impact of a treatment intervention on health status (Hiatt, 1997b) and the overall impact
on claudication can be described (Hiatt, 1999). Activity monitors that evaluate
functional status can be used in conjunction with questionnaires to more fully describe
the benefits of interventions in patients with PAD (Regensteiner ef al. 1996). The
information derived from such questionnaires thus provides a valuable adjunct to

laboratory-based measures (Regensteiner and Hiatt, 1995).

1.2.3.2 Walking Impairment Questionnaire (WIQ)
The Walking Impairment Questionnaire (WIQ, Appendix 15) was developed and
validated specifically for patients with intermittent claudication by Regensteiner et al.

(Regensteiner ef al. 1990). The WIQ is a disease-specific questionnaire (Hiatt ef al.
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1995a) which quantifies patients’ self-reported claudication severity, the ability to walk
defined distances, speeds and climb stairs (Regensteiner and Hiatt, 1995). It also
characterises the symptoms that limit walking ability in patients with PAD
(Regensteiner ef al. 1990; Regensteiner et al. 1996) through a series of questions (Hiatt
et al. 1995a).

The WIQ is simple to administer (Hiatt, 1999) and has been validated for detecting
changes in walking impairment due to interventions in patients with intermittent
claudication (Regensteiner ef al. 1990). A treadmill test cannot fully evaluate whether
an intervention alters a patient’s perceived ability to walk in the community or non-
laboratory setting, and might not therefore characterise a patients functional ability
(Regensteiner et al. 1990). In the WIQ, patients rank their ability to walk specific

distances on a 0-4 Likert scale.

The WIQ responses are stable when repeated over time in control patients (Hiatt ef al.
1995b). The WIQ has been validated by comparison with treadmill walking, peripheral
bypass and angioplasty in patients with PAD (Regensteiner et al. 1990; Regensteiner et
al. 1993a). Changes in walking ability with exercise training have also been evaluated
(Hiatt et al. 1990; Regensteiner ef al. 1990). Modest correlations (r = 0.68) between
the WIQ questionnaire and peak treadmill walking time have previously been reported
(Regensteiner ef al. 1990). Following a 3-month randomised controlled trial of exercise
conditioning or post-surgery, the WIQ has identified improvements in the walking
distance and speed domains, which were corroborated by treadmill performance
(Regensteiner et al. 1990). An advantage of this questionnaire is that it can be

administered and scored in 6-8 minutes (Regensteiner and Hiatt, 1995).

1.2.3.3 Physical activity recall (PAD-PAR) questionnaire

Physical activity status is an important variable to measure in PAD, given the link
between inactivity and cardiovascular disease morbidity and mortality (Sieminski et al.
1997). The PAD-Physical Activity Recall (PAD-PAR; Appendix 18) has been
developed and recommended (Regensteiner ef al. 1997a; Regensteiner et al. 1996) for
quantifying the weekly physical activity level of patients with intermittent claudication
(Otis et al. 2000). The questionnaire has been modified from the original physical
activity recall questionnaire developed by Sallis ef al. (Sallis ef al. 1985) to be more

appropriate for patients with intermittent claudication (Hiatt ef al. 1995b), since the
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condition limits the number and amount of activities of daily living that can be

performed by patients (Sieminski ef al. 1997).

The PAD-PAR provides a global measure of habitual physical activity levels. Patients
evaluate time spent over the previous week performing work activities, household
tasks/yard work and leisure activities (Otis et al. 2000; Hiatt ef al. 1995b; Sallis et al.
1985), classified as heavy, moderate, light and very light on the basis of metabolic

equivalents (METs). One MET is equivalent to a resting PO of 3.5ml.kg™”.min™.
Global physical activity status is obtained by estimating the total energy expenditure by
summing the number of hours of physical activity per week in each of the four
categories, which is recorded in MET hours per week (MET-h.wk™: hours per week
multiplied by the MET value of the activity). Although the PAD-PAR must be
administered by an interviewer, typically it can be administered and scored in less than

12 min (Regensteiner and Hiatt, 1995).

1.2.3.4 Quality of life assessment - the Medical Outcomes Study SF-36 v2

Intermittent claudication has detrimental effects on quality of life (Oka et al. 2003;
Treat-Jacobson and Walsh, 2003). Patients are limited in their capacity to exercise and
this consequently reduces their level of everyday physical activity (Barletta ef al. 1996)
and functioning (Taft et al. 2001). The Medical Outcomes Short Form-36 (MOS SF-36
v2; Appendix 13) (Ware and Sherbourne, 1992) is a self-administered health-related
quality of life questionnaire that is easy to score (Regensteiner and Hiatt, 1995). The
SF-36 assesses multiple aspects of normal life function (Hiatt et al. 1995b). It is a non-
disease specific questionnaire (Hiatt and Nehler, 2001) and is a reliable and valid
generic instrument which includes multi-item scales that assess two components of
health, namely physical and mental (Gardner et al. 2001). More precisely, physical
function and general health and well-being perceptions, as well as limitations due to
mental health, social function and vitality (Ware and Sherbourne, 1992; McHorney et
al. 1993; Regensteiner et al. 1997a; Regensteiner, 1997; Tarlov et al. 1989; Gardner
et al. 2001; Stewart et al. 1989). Each domain of the SF-36 is scored from 0 (poorest
health) to 100 (optimal health; Table 2).

This questionnaire has been used in population studies to evaluate functional status in a
number of disease states and healthy persons (Tarlov ef al. 1989; Stewart et al. 1989).

It is well-validated and has been widely implemented in PAD studies. Patients with
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PAD report profound limitations in all domains of quality of life which are related to
their reduced physical health (Dumville ef al. 2004). The scores from these domains are
generally worse than those given by patients with chronic pulmonary disease and
moderate to severe heart failure (Oka et al. 2003). Patients frequently report a
significant impairment in their general health and lower scores for physical function

(Barletta et al. 1996; Bauman and Arthur, 1997).

The effect of intermittent claudication on social and emotional function is questionable,
since some studies have reported an impairment in these domains (Barletta ef al. 1996),
whereas others have not (Dumville ef al. 2004). Furthermore, conflicting evidence
exists regarding the correlation between a patient’s quality of life impairment and their
exercise capacity as assessed using the treadmill test. Some studies have reported poor
correlations (Barletta ef al. 1996), whereas others have reported correlations with
physical domains, but not mental domains (Bauman and Arthur, 1997). The
questionnaire is therefore particularly sensitive to detecting treatment effects in the
physical functioning realm (Hiatt and Nehler, 2001). Such measurements provide a
comprehensive insight into the degree of disability experienced by the patient as a result

of the disease (Hiatt ef al. 1995b).

Intermittent claudication has a greater impact on SF-36 scores in women than on men,
which might result from a higher prevalence of mood disturbances and decreased
physical functioning and more bodily pain in women compared to men (Oka et al.
2003). Training and invasive therapy have been shown to have a similar impact on
health related quality of life dimensions (Taft ef al. 2001), whereas unsupervised
exercise programmes are unlikely to significantly improve a patient’s quality of life
(Currie et al. 1995). Ultimately, the success of any treatment or intervention must be
judged against a patient’s own assessments of change in various aspects of everyday life
affected by the illness (Taft er al. 2001). For this reason, the SF-36 questionnaire is a
useful measure of quality of life. It can be used with other health status questionnaires,
such as the European Quality of Life (EuroQol) EQ-5D questionnaire (Appendix 14).
The EuroQol has been used in previous studies (de Vries ef al. 2002), since this
questionnaire was best for discriminating among patients with different symptom

severity.
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1.3  Current management of intermittent claudication

1.3.1 Treatment of intermittent claudication

The primary objectives of treatment for intermittent claudication are to improve walking
ability (Hiatt, 1997a) and to reduce cardiovascular morbidity and mortality by treating
the systemic atherosclerosis via the modification of risk factors and the use of anti-
platelet drugs (Hiatt and Nehler, 2001). It is mandatory for clinicians to treat both PAD-
specific symptoms (to decrease functional impairment and thereby improve quality of
life, as well as to decrease rates of amputation) and the underlying systemic
atherosclerosis (and thereby reduce cardiovascular ischaemic events, especially MI and

stroke) (Hirsch and Reich, 2001).

Some patients with claudication are chronically disabled and in these patients the
treatment goals are to relieve symptoms and to improve exercise performance and daily
functional abilities (Hiatt and Nehler, 2001), predominately walking ability (Hiatt,
1997a). Treatment must be individualised, in that it must be based on the degree of

lifestyle-limiting symptoms that are experienced by each patient (Beebe, 2001).

Given the relatively stable natural history of claudication, but severe limitation
associated with the condition (Nehler and Hiatt, 1999b), vascular specialists typically
recommend complete smoking cessation and home-based physical exercise as a primary
treatment modality (Nehler and Hiatt, 1999b), coupled with vigorous risk factor
modification (Santilli ef al. 1996). Conservative management is advocated as the
treatment of choice (Tan ef al. 2000b), however compliance to these recommendations
and ultimate benefit from these lifestyle modifications have not been well documented

(Nehler and Hiatt, 1999b).

Further treatment to relieve claudication may include other pharmacological therapies
and, occasionally, endovascular or other procedures (Santilli e al. 1996). Controversy
exists concerning the relative effectiveness of conservative management and invasive
therapy (Taft ef al. 2001). Although many therapies for claudication have been

thoroughly investigated, research continues on new treatments (Regensteiner and Hiatt,

2002b).
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1.3.2 Intervention therapies

The decision to proceed with interventional surgery in patients with intermittent
claudication requires an understanding of the natural history of the disease and an
assessment of the patient’s quality of life impairment as a result of walking difficulty
(Hiatt and Nehler, 2001). Angiography precedes invasive treatment, however currently
angiography is often replaced by non-invasive imaging modalities such as magnetic
resonance angiography and duplex ultrasonography (de Vries ef al. 2002). These
modalities involve lower costs and risks compared to angiography, however they can
lead to false test results (de Vries ef al. 2002). Catheter-based endovascular treatments
which are used in PAD include balloon angioplasty, endoluminal stents, and mechanical

atherectomy devices (Beebe, 2001).

A large proportion of balloon angioplasties are technically successful and these improve
the resting and post-exercise ankle pressures (Whyman and Ruckley, 1998). Invasive
therapy might be more effective than supervised exercise training in alleviating illness-
specific symptoms and improving certain aspects of physical functioning (Taft et al.
2001). However, many patients with intermittent claudication of relatively short
duration can experience an improvement in their ischaemic symptoms without
interventional treatment (McCombs and Subramanian, 2002). The choice between
exercise training and angioplasty in the treatment of claudication with regards to the
functional benefits and quality of life improvements achieved, thus remains

controversial (Nehler and Hiatt, 1999b; Lewis et al. 1999).

The hazards of percutaneous transluminal angioplasty must also not be overlooked.
Despite the reported low incidence of major complications, the occasional patient
requires surgical intervention for bleeding, false aneurysm or acute ischaemia (Whyman
and Ruckley, 1998). Blood flow may be restored and functional status improved,
however for a symptom that has a relatively stable natural history, the associated cost of

morbidity and mortality is high (Regensteiner and Hiatt, 1995).

A vascular bypass graft is a further option as this improves the exercise tolerance of
claudicants by increasing blood flow to the lower-limbs (Tan ef al. 2000a). Surgery
generally involves two operations, the aortofemoral bypass which has the greatest utility
in claudication and involves a single surgical procedure which bypasses diffusely

diseased iliac arteries, and the femoral above-knee popliteal bypass (Hiatt and Nehler,
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2001). Surgical revascularisation is undertaken on patients with severe aortoiliac disease
in whom long-term patency is likely to be achieved (e.g. aorto-bifemoral or femoral-
femoral bypass) and in patients who have a low cardiovascular peri-operative ischaemic
risk (Hirsch and Reich, 2001). Endovascular revascularisation currently serves as an
effective therapy for patients with high grade stenosis of the proximal limb arterial
segments (e.g. distal aorta, common iliac artery, or external iliac artery, and
occasionally the proximal common femoral artery) (Hirsch and Reich, 2001). In patients
primarily considered for surgical treatment, anti-platelet and anticoagulant drug therapy
can be used as a means of promoting graft patency, and beta-adrenergic blockers can be
used as a means of reducing the perioperative risks associated with vascular surgery

(Hiatt, 2002).

Patients with symptoms that limit their lifestyle may benefit from elective invasive
revascularisation (Mohler III, 1999). While peripheral bypass surgery is feasible in the
majority of patients with claudication, most vascular surgeons wish to delay this option
as long as possible (Nehler and Hiatt, 1999b). Revascularisation procedures are
therefore generally postponed until initial conservative management fails (de Vries ef al.
2002). Symptoms consistent with limb-threatening ischaemia (such as rest pain) or a
foot ulcer that does not heal (especially in a patient with diabetes) require immediate
attention and possibly revascularisation (Mohler III, 1999). Surgery is also reserved for
patients with severe, incapacitating claudication (Beebe, 2001; Regensteiner, 2004),
those who develop ischaemic pain at rest or limb threatening ischaemia (Tsai et al.
2002; Gardner ef al. 2001), and for those in whom all other therapies have failed
(Nehler and Hiatt, 1999b).

All invasive interventions have a finite duration of success (Hiatt and Nehler, 2001) and
may be inappropriate or unsuccessful, leaving patients with a significant handicap
(Binnie ef al. 1999). With bypass surgery, problems with graft failure, particularly with
femoral above-knee popliteal bypass may arise (Hiatt and Nehler, 2001). This has the
potential to convert a patient with claudication into a patient with more severe leg
ischaemia, requiring further bypass surgery to avoid limb loss (Nehler and Hiatt,
1999b). The overly liberal use of catheter-based intervention or surgery, without
vigorous attempts at risk-factor reduction, and exercise and medical therapy, is
misguided and carries the needless potential risk of converting a non-limb-threatening

condition into a worse situation should complications occur (Beebe, 2001).
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Following failure of angioplasty or bypass surgery, the resultant limb circulation is
frequently worse than that encountered before the intervention (Hiatt and Nehler, 2001).
This occurs because of division or thrombosis of the collateral circulation at the time of
the intervention, or the failure of thrombus propagation or embolisation at the time of
reconstruction, or both (Hiatt and Nehler, 2001). These events are more likely to occur

in vascular bypass procedures than angioplasty (Hiatt and Nehler, 2001).

Angioplasty performed whenever feasible has been shown to be more effective than
exercise alone (de Vries et al. 2002). However, invasive treatments can carry economic
implications, since percutaneous transluminal angioplasty is expensive both in terms of
consumables and staff costs (Whyman and Ruckley, 1998). Considering the limited
health care budget, consideration needs to be made regarding whether the gain in
quality-adjusted life expectancy justifies the cost involved (de Vries ef al. 2002). The
expected gain in effectiveness achieved with bypass surgery for intermittent
claudication is considered to be small compared with the cost involved (de Vries et al.
2002), and as such it is recognised as an expensive treatment which is of unproven

benefit for claudication (Whyman and Ruckley, 1998).

1.3.3 Pharmacological therapies

Although pharmacological therapies have been developed, the role of drugs in the
overall management of the disease needs further study (Regensteiner and Hiatt, 1995).
Various classes of drugs have been suggested as possible treatment options for
intermittent claudication. In patients with PAD evidence supports the use of statin drugs
for lipid management and angiotensin-converting enzyme-1 inhibitors for blood
pressure control (Hiatt, 2002).Atorvastatin improves pain-free walking distance and
community-based physical activity in patients with intermittent claudication (Mohler III
et al. 2003). Recently, the Heart Protection Study confirmed that statin treatment
reduces the risk of death and adverse cardiovascular events in patients with coronary
and non-coronary atherosclerosis, including patients with PAD who had not had a prior

cardiovascular event (MRC/BHF Heart Protection Study, 2002).

One possible mechanism of action of how modification of the lipid profile with a statin
drug improves symptoms of claudication, might be the reduction in plaque size, thereby
improving the blood flow in the large arteries of the lower extremities (Mohler III et al.

2003). Another possible mechanism is statin-induced improvement of vasomotor
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regulation of blood flow, particularly in the microcirculation or it might affect new
blood vessel formation (Mohler III er al. 2003). It has been suggested that the timing of
clinical improvement for atorvastatin appears to be longer compared with cilostazol, and
thus patients with claudication symptoms should not expect symptomatic improvement
in pain-free walking time after weeks, but more likely after months of treatment

(Mohler III et al. 2003).

Furthermore, specific anti-platelet agents (aspirin and clopidogrel), anti-claudicants
(cilostazol and pentoxifylline) (Olin, 2002), carnitine (Hiatt, 1997a), vasodilators,
anticoagulants, prostaglandins and prostaglandin derivatives, have been recommended,
all of which have variable and generally disappointing results (Beebe, 2001). Aspirin
should be considered in all patients with PAD, with clopidogrel an alternate (and
potentially more effective) agent (Hiatt and Nehler, 2001). Aspirin, is considered
valuable because of its impact on vascular events at other sites (Verstraete, 1994),
possibly promoting the patency of surgical and angioplasty procedures (Hiatt and
Nehler, 2001). It has also been indicated to reduce morbidity and mortality in PAD
(Bradberry, 2004). Anti-platelet agents such as clopidogrel and ticlopidine act by
blocking adenosine diphosphate (ADP) receptors on the platelet (Hiatt and Nehler,
2001). Clopidogrel reduces the risk of atherothrombotic events such as MI and stroke in
these patients (Bradberry, 2004) and may be beneficial in the long-term management of
atherosclerotic disorders (Beebe, 2001). Angiotensin-converting enzyme (ACE)
inhibitors may confer an additional benefit in terms of reducing the risk of fatal and

non-fatal ischaemic events (Hiatt and Nehler, 2001).

Although no studies have shown that these drugs are capable of improving the
symptoms of claudication (Beebe, 2001), substantial reductions in cardiovascular
morbidity and mortality can be achieved (Creager, 2001). Nevertheless, risk factor
modification in conjunction with anti-platelet treatment does decrease the incidence of
heart attack, stroke and peripheral vascular events in PAD (Mohler III, 2004) and

should be considered in all patients with intermittent claudication (Hiatt, 1997a).

Other drugs such as pentoxifylline, a xanthine derivative, has been shown to reduce
blood viscosity (Beebe, 2001). Pentoxifylline exhibits a modest (Hiatt, 1997a) to
marginal efficacy in improved treadmill exercise performance (Nehler and Hiatt, 1999b;

Girolami et al. 1999) and is the only drug approved for the treatment of claudication in
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the USA. It has been reported to improve MWD by approximately 20 - 25% (Creager,
2001). However, adverse effects including headache, diarrhoea, abnormal stools and

palpitations have been reported with the drug (Chapman and Goa, 2003).

Cilostazol, a phosphodiesterase type 3 inhibitor, approved for the treatment of PAD in
1999 (Jaff, 2002) is currently the most effective drug for claudication (Hiatt and Nehler,
2001). It is significantly more effective than pentoxifylline in improving both pain-free
and MWD (Beebe, 2001). Randomised, double-blind, placebo controlled trials in
patients with moderate to severe intermittent claudication have demonstrated that
cilostazol significantly increases walking distances and improves quality of life
compared with placebo (Chapman and Goa, 2003). In clinical trials, MWD has been
reported to improve by approximately 40 - 60% (Creager, 2001).

It acts by inhibiting platelet aggregation and increasing vasodilation (Beebe, 2001). It
also exhibits anti-proliferative effects on smooth muscle cells and has beneficial effects
on high density lipoprotein-cholesterol and triglyceride levels (Chapman and Goa,
2003). Although the drug has been shown to have a good safety and tolerability profile
(Collinson and Donnelly, 2004), it does have side effects including headache, transient
diarrhoea, abnormal stools, peripheral edema (Chapman and Goa, 2003), palpitations
and dizziness. It should not be given to patients with claudication who also have heart
failure (Hiatt and Nehler, 2001) and severe hepatic or renal impairment (Chapman and
Goa, 2003). In the UK, USA and Japan, cilostazol administered at 100mg twice daily is
licensed for symptom relief in patients with stable, moderate-to-severe intermittent
claudication and as an adjunct to non-pharmacological approaches such as exercise

(Collinson and Donnelly, 2004).

Several other anti-platelet agents, angiogenic growth factors such as vascular
endothelial growth factor, basic fibroblast growth factor, propionyl-1-carnitine,
vasodilator prostaglandins, L-arginine and lipid-lowering drugs are also being evaluated
for the treatment of claudication (Hiatt, 1997a; Creager, 2001). Angiogenic growth
factors have shown preliminary success in patients with rest pain and ischaemic ulcers
and are being investigated for use in patients with intermittent claudication (Schainfeld,
2001). Drugs such as oxpentifylline and naftidrofuryl may also improve the walking
distance in some patients, however they have not been shown to be of long-term value

and are infrequently prescribed by vascular surgeons (Whyman and Ruckley, 1998).
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Although new pharmacologic therapies are emerging, supervised exercise rehabilitation
remains the most effective approach for increasing pain-free walking for patients with

intermittent claudication (Mohler III, 1999).

1.3.4 Lifestyle management

Although the treatment of claudication symptoms is important, an improved lifestyle
and treatment of risk factors will prolong life (Mohler III, 2004). Hence,
epidemiological evidence has led most clinicians in both primary and hospital care to
manage intermittent claudication conservatively (Stewart and Lamont, 2001); by
advising claudicants of the benefits of taking regular exercise, giving up smoking and
when necessary, losing some weight (Binnie ef /. 1999). The main treatment strategy
for symptomatic relief for patients with mild to moderate intermittent claudication in the
UK is exercise advice (Cheetham et al. 2004). Indeed, the general advice given in the

hospital setting is to “stop smoking and keep walking” (Housley, 1988).

The goal of patient education is to increase awareness about the causative relationship
between risk factors and poor lifestyle choices and the disease (Beebe, 2001). Simple
advice given to walk further, regardless of cessation of smoking and correction of other
risk factors, can improve walking ability remarkably and the improvements can be
sustained at two years, possibly even in the presence of a worsening disease profile
(Whyman and Ruckley, 1998). Unfortunately, a major problem for clinicians is
motivating targeted individuals to begin and adhere to an exercise regimen and to stop
smoking (Christman et al. 2001), since many patients find it difficult to translate this
general advice into specific practical strategies for achieving, and sustaining,
appropriate changes in behaviour (Binnie et al. 1999). Furthermore, patients are
reluctant to understand that various interventions, including limb bypass and

angioplasty, do not cure PAD (Beebe, 2001).

Nursing intervention can improve the functional ability and the general well-being of
many patients (Binnie ef al. 1999). In the hospital setting vascular nurses practicing in a
multitude of inpatient and outpatient settings can play an important role during exercise
therapy, by developing and providing a personalised home-based exercise programme,
and the nurses can care and motivate patients during follow-up periods (Spronk e al.
2003). Vascular nurses can also assist patients with risk factor modifications (Treat-

Jacobson and Walsh, 2003). Substantial data exists proving the benefit of life-style
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modification in improving mortality and reducing cardiovascular events in patients with
PAD (Khan et al. 2005). There exists compelling evidence to support smoking
cessation, to increase exercise capacity and improve diet in these patients (Khan et al.
2005). Counselling sessions about nutrition, exercise, risk factors for atherosclerosis,
and potential complications of cardiovascular disease have been administered in
conjunction with supervised exercise therapy (Menard et al. 2004). Smoking cessation,
blood pressure control, lipid modification and strict control of diabetes mellitus will
reduce the risk of both macro- and microvascular disease progression (Mohler 111, 2004)

and this should be the first choice approach for the treatment for PAD (Beebe, 2001).

A combination of health education and exercise for claudicants with high cholesterol,
could lower the total cholesterol, possibly reducing the need for additional treatment
(Tan et al. 2000a). However, deficiencies in physician knowledge and attitudes
regarding atherosclerotic risk factor reduction in PAD contribute to lower rates of risk
factor reduction in these patients (McDermott ef al. 2002c). Maintaining glycaemic
control, and ensuring the initiation of lifelong anti-platelet therapy and participation in
exercise rehabilitation programmes, will all promote positive outcomes for patients with

intermittent claudication (Treat-Jacobson and Walsh, 2003).

1.3.5 Risk factor modification

The risk factors that contribute to PAD are similar to those associated with systemic
atherosclerosis, namely, cigarette smoking and diabetes mellitus (both of which pose the
greatest risk for disease progression) (Aquino et al. 2001; Creager, 2001),
hypertension, hypercholesterolemia, hyperhomocysteinemia (Creager, 2001),
dyslipidaemia and age (Treat-Jacobson and Walsh, 2003). Elevated levels of plasma
homocysteine are an independent risk factor for PAD, although to date no clinical trials
have demonstrated a clinical benefit in reducing homocysteine levels through vitamin
supplements (Hiatt and Nehler, 2001). PAD may progress if these atherosclerotic risk
factors remain uncontrolled (Mohler III, 2004).

Current treatment strategies for patients with symptomatic PAD include aggressive
modification of risk factors for cardiovascular disease, such as cessation of smoking,
treatment of hypertension and diabetes, normalisation of low-density lipoprotein
cholesterol (Regensteiner and Hiatt, 2002b) and exercise (Beebe, 2001). The focus on

improving functional impairment as well as on aggressive risk factor modification is
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important (Regensteiner et al. 1997a). In many patients, a significant reduction of
symptoms and prevention of disease progression (Beebe, 2001) can be achieved by
correction of associated risk factors and supervised exercise training (e.g. walking)
(Duprez et al. 1999), which can also improve the functional status of patients (Beebe,

2001).

Although cardiovascular and cerebrovascular complications are more prevalent in
patients with severe PAD, patients with asymptomatic disease are still at significant
risk, therefore the focus on the management of PAD should be on early diagnosis and
efforts to reduce the risk of adverse events including risk factor modification and anti-
platelet therapy (Eberhardt and Coffman, 2004). Attempts to reduce atherosclerotic risk
factors in patients with PAD are less common than in patients with coronary artery
disease (CAD) McDermott ef al. 1997), and such ‘under treatment’ may contribute to
the high rates of cardiovascular disease morbidity and mortality in PAD (McDermott ef
al. 2002c).

Even after adjustment for risk factors, PAD appears to increase the risk for ischaemic
events in other vascular territories with an approximate two-fold increase in myocardial
infarctions and perhaps stroke (Eberhardt and Coffman, 2004). The reasons for the
under-treatment of atherosclerotic risk factors in PAD are unknown, however one
possible explanation is that physicians are less aware of the high rate of cardiovascular
morbidity and mortality or the importance of risk factor reduction in PAD (McDermott

et al. 2002c).

1.3.6 Key modifiable risk factors in PAD

1.3.6.1 Smoking

Cigarette smoking has both long-term and short-term affects on arterial blood flow in
the lower extremities in patients with PAD (Gardner et al. 2004a). Smoking is the
single most important modifiable risk factor for patients with PAD and has a synergistic
effect on other risk factors associated with intermittent claudication, including
hypertension, hypercholesterolemia, and diabetes (Beebe, 2001). Cigarette smoking
causes lingering impairments in peripheral blood flow and oxygen delivery to the
lower-extremity musculature following acute exposure to smoking (Yataco and

Gardner, 1999; Ricci et al. 1993).
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Cigarette smokers with PAD have more severe claudication, reduced peripheral
circulation, lower exercise capacity and poorer cardiopulmonary measurements at peak
exercise than ex-smoking claudicants (Gardner, 1996), possibly because they are less
physically active than non-smokers (Gardner et al. 1997). Evidence suggests that
smokers engage in activities of similar intensity, but for a shorter duration of time than
ex-smoking claudicants (Gardner et al. 1999b), resulting in reduced exercise capacity.
This places patients who smoke at a greater risk of dependency than patients who do not

smoke (Gardner, 1996).

Non-smokers can walk further than current or former smokers and they have a higher
ABPI than patients who currently smoke (Cahan ef al. 1999). The more rapid

development of claudication pain in current smokers has been associated with lower

peak V02 compared to former smokers or patients with PAD who have never smoked
(Gardner ef al. 2004a; Gardner, 1996; Gardner ef al. 1999a). In one study, smoking
cessation alone was associated with a 40% improvement in MWD (Quick and Cotton
1982). Cigarette smoking has been suggested to result in peripheral vasoconstriction in
the lower extremities (Ricci ef al. 1993). The greater impairment in perfusion of the
calf musculature in patients who smoke is a potential explanation for their lower CD
and overall physical function than in the non-smoking patient with PAD (Gardner et al.
1997; Gardner ef al. 1999b).

Consequently, patients with PAD who smoke are on the lower end of the physical
function spectrum and may be prime candidates to regain lost functional independence
through a program of exercise rehabilitation (Gardner et al. 2004a). Furthermore
smoking may affect patient’s health-related quality of life (Gardner et al. 2004a).
Although a 6-month exercise rehabilitation programme has reported similar
improvements in claudication pain distances, ambulatory function, physical activity,
peripheral circulation and health-related quality of life in smoking and non-smoking
patients with PAD (Gardner ef al. 2004a), smoking cessation is important (Girolami ef
al. 1999) as it is associated with improved postoperative graft patency rates and a
reduction in the complications of PAD (Radack and Wyderski, 1990). All available
strategies to help patients stop smoking such as counselling and nicotine replacement

should be used (Gey et al. 2004).
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1.3.6.2 Diabetes

Type 2 diabetes is common in both men and women with PAD. Diabetic patients with
PAD are younger, have a higher BMI, a poorer neuropathy score, a higher prevalence of
hypertension and a greater number of cardiovascular co-morbidities (predominantly
cardiovascular) compared with non-diabetic patients with PAD (Dolan ef al. 2002).
Differences in physical activity levels exist between PAD patients that have and do not
have diabetes. Patients with diabetes have a shorter mean 6-minute walking distance
and a slower fast-pace 4-metre walk velocity compared with those without diabetes.
Patients with diet-controlled diabetes perform better than those on diabetes medication
(Dolan et al. 2002). In diabetic patients with PAD, the disease tends to follow a more
aggressive course, with early large vessel involvement coupled with microangiopathy
(Aquino et al. 2001). Thus, aggressive lifestyle modification for diabetes prevention
should be offered in patients with PAD at high risk of developing the disease (Dolan ef
al. 2002). Monitoring for diabetes generally occurs on a regular basis once a patient is
diagnosed with PAD (Dolan et al. 2002). Diabetic patients with PAD should be
evaluated for the presence of associated co-morbidities that could contribute to further
disability (Dolan et al. 2002). Intensive blood glucose control and aggressive risk factor
modification (Hiatt and Nehler, 2001) should be implemented. However, although
intensive blood glucose control may have favourable effects on the risk of
cardiovascular events, it does not improve the risks associated with PAD (Hiatt and

Nehler, 2001).

Diabetic patients with PAD are less likely to report classical intermittent claudication
(i.e. the onset of a cramp-like pain during walking) than those without diabetes, and
more likely to report leg pain on both exertion and rest, which might be explained by
the altered foot architecture in these patients (Dolan ef al. 2002). Compared with non-
diabetic patients, diabetic patients with claudication have a 2.9-fold increased risk for
development of ischaemic ulceration and a 1.7-fold increased risk for development of
ischaemic rest pain (Aquino et al. 2001). Death in patients suffering with PAD and
diabetes has been reported to be 2.2 times that for PAD alone (Leibson et al. 2004).
Diabetes is a risk factor for both PAD and PAD-associated mortality, emphasising the
need to detect and monitor PAD in diabetic patients (Leibson ef al. 2004).
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1.3.6.3 Hypertension and hyperlipidaemia

Hypertensive patients with PAD should be aggressively managed (Hiatt and Nehler,
2001). Normalisation of blood pressure (less than 130/90 mm Hg) should be the goal to
decrease the rates of cardiovascular ischaemic events in all patients with PAD, unless
otherwise contraindicated (Hirsch and Reich, 2001). All classes of anti-hypertensive

agents can safely be administered to patients with PAD (Hiatt and Nehler, 2001).

For primary prevention of CHD the British Heart Foundation recommends a total
cholesterol level of less than 5.2 mM for normal adults (Tan et al. 2000a) and low-
density lipoprotein (LDL) cholesterol should be less than 3.4 mM (American College of
Sports Medicine, 2000; Hirsch and Reich, 2001). Niacin, is regarded as an important
treatment agent in patients with PAD for lowering triglyceride levels and increasing

high-density lipoprotein (HDL) cholesterol (Hiatt and Nehler, 2001).

1.3.7 Physical activity

1.3.7.1 Introduction

Over the past 15 years or so, the medical community has become increasingly aware of
the important role which physical inactivity plays in the development of many chronic
degenerative diseases (Fletcher ef al. 1992; Pate ef al. 1995; Bouchard, 2001). Physical
inactivity itself is an independent risk factor for atherosclerosis (Stewart and Lamont,
2001). Patients with PAD who have impaired lower extremity performance are less
physically active than non-PAD patients and this might contribute to subsequent

disability (McDermott et al. 2002a; Regensteiner et al. 1994).

Low performance scores on a test battery, which combine walking velocity and time for
five repeated chair rises and standing balance (which measures leg strength and
balance), have been found in more sedentary patients, and it is possible that their lower
level of physical activity could form part of the causal pathway linking reduced lower
extremity performance to functional decline and mortality (McDermott ef al. 2002a).
These reductions in daily activity are similar to those of patients with severe heart

failure and thus indicate a profound limitation in physical performance (Hiatt, 1999).

1.3.7.2 Exercise rehabilitation
A substantial number of patients referred to vascular clinics with intermittent

claudication cannot be helped by conventional treatments, for example those with
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lesions unsuitable for angioplasty, or those in whom angioplasties have failed, and those
whose symptoms are not sufficiently disabling to justify the risks of reconstructive
surgery (Binnie ef al. 1999). For these patients conservative therapy programmes, such
as exercise rehabilitation in conjunction with risk factor management are a possibility
(Binnie ef al. 1999). In the general elderly population regular exercise can often slow or
reverse the decreased mobility that contributes to disease and disability (Buckwalter,
1997). However, it is important to note that individual responses to exercise might vary
considerably (de Vries ef al. 2002). Exercise is a good alternative to reconstructive
surgery in patients with intermittent claudication (Ekroth ez al. 1978), since it is non-
invasive, effective (Treesak et al. 2004), inexpensive and deemed to be of low risk
(Leng et al. 2000). Indeed, it has been suggested that for the treatment of intermittent
claudication the success rate of exercise therapy compares favourably with percutaneous
transluminal angioplasty and some infrainguinal bypass studies, with very low threat to
limb viability and without the risk of surgical complications (Menard et al. 2004). By
improving functional exercise capacity, physical abilities may also improve (Bauman

and Arthur, 1997).

Formal exercise programmes to treat claudication have been evaluated for over 30 years
and exercise has been shown to be efficacious in terms of improving walking
performance, quality of life, functional capacity (Nehler and Hiatt, 1999b) and
community-based functional status (Regensteiner ef al. 1997a; Hiatt, 1991). Exercise is
also generally well tolerated by patients (Regensteiner and Hiatt, 1995). Increases in
walking ability following supervised exercise are independent of the location of the
atherosclerotic lesion or the presence of diabetes (Ekroth ez al. 1978). There is no age
limit to the benefit of exercise (Buckwalter, 1997). In older individuals, leisure-time
physical activity enhances health and function (Tager ef al. 1998). This is increasingly
important in intermittent claudication, since compared with aged-matched healthy
individuals, claudicants exhibit lower levels of physical activity and the severity of PAD

increases as patients become progressively more sedentary (Sieminski and Gardner,

1997).

All published studies of exercise conditioning in patients with PAD, whether
randomised, controlled trials or not, have reported an increase in treadmill exercise
performance and a lessening of claudication pain severity during exercise (Regensteiner

and Hiatt, 1995). Exercise as a treatment for intermittent claudication is not new, with
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improvements in walking having been described from as early as 1898 (Stewart and
Lamont, 2001). It has become the mainstay of non-pharmacologic therapy (Beebe,
2001) and can also be used in conjunction with medications specifically indicated to
improve symptoms (Treat-Jacobson and Walsh, 2003). Certainly, in the last 50 years,
exercise training in some form has been recommended as a means to help patients with

symptomatic PAD improve their walking ability (Regensteiner and Hiatt, 1995).

Exercise increases walking distances to the onset of pain and to MWD, and improves
walking economy (i.e. efficiency) (Hiatt et al. 1995b; Wolmack et al. 1997), and
function (Katzel et al. 2000), thereby conferring greater improvements than angioplasty
(Perkins et al. 1996). Furthermore, exercise does not interfere with the option for
surgery should this become necessary in the immediate or latter course of the disease
(Ekroth et al. 1978). Exercise rehabilitation provides benefit, and in addition to the low
associated morbidity, should be recommended as an important treatment option for
patients with intermittent claudication (Regensteiner ef al. 1997a; Regensteiner and

Hiatt, 1995).

1.3.7.3 Possible contraindications to exercise in diabetic patients with PAD

Although physical activity is a major therapeutic modality for type 2 diabetes (Allbright
et al. 2000), patients with PAD and diabetes have a poorer lower extremity function
compared to patients with only PAD, which might be explained by diabetes-associated
neuropathy, differences in exertional leg symptoms, and greater cardiovascular disease
in patients with diabetes (Dolan et al. 2002). Both neuropathy and foot ulceration in
these patients are associated with an increased risk of gangrene and lower extremity
amputation (Nathan, 1993). Furthermore, the development of autonomic neuropathy in
patients with diabetes affects the heart rate response to exercise, and as a result ratings
of perceived exertion rather than heart rate may need to be used to moderate the
intensity of physical activity in these patients (Allbright ef al. 2000). Type 3 diabetic
patients with PAD generally have a low level of fitness (V02 max) compared to non-
diabetic patients, and as a consequence, exercise intensity should be at a comfortable
level (RPE 10-12) in the initial periods of training and should proceed cautiously as
tolerance for physical activity improves (Allbright et al. 2000).
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1.3.7.4 Mechanisms associated with improved walking ability

The mechanism by which exercise rehabilitation produces improved walking ability in
intermittent claudication is not completely understood (McCombs and Subramanian,
2002). It is believed that exercise training improves walking distance via a combination
of mechanisms, including an adaptation or redistribution of the peripheral blood flow
(collateral development), metabolic adaptations within the exercise-trained skeletal
muscle, an inhibition of atherosclerotic disease progression (Remijnse-Tamerius et al.
1999), improved circulatory dynamics (McCombs and Subramanian, 2002), improved
cardiac status, reduced oxygen cost of exercise or reduction of lactate load (Tan et al.
2000a). Such physiological adaptations frequently improve both the patient’s physical
aspect and quality of life (Tan ef al. 2000b).

1.3.7.5 Central and peripheral circulatory adaptations

Normal individuals can increase the quantity and velocity of blood flow to an exercising
extremity via a combination of physiological responses, including an increase in cardiac
output and reduction in the peripheral resistance of arterioles supplying the exercising
muscles, thereby achieving a modest increase of lower extremity blood flow in response
to physical training (McCombs and Subramanian, 2002). There is evidence that central
cardiac pumping capacity can be improved with aerobic exercise training in patients
with symptomatic PAD (Walker et al. 2000). With improved central cardiac pumping
capacity, a decrease in resting and exercising heart rate is achieved (Tan ef al. 2000a).
Following a short period of structured upper-and lower-limb aerobic exercise training
(Walker et al. 2000) and walking exercise rehabilitation (Tan ef al. 2000a) in patients
with symptomatic PAD, at equivalent submaximal intensities the heart rate response to
exercise intensities has been shown to be reduced. These studies suggest that an
improvement in central cardiac pumping capacity can have a significant impact on

exercise tolerance (Tan ef al. 2000a).

Vascular bypass grafts improve the exercise tolerance of patients with intermittent
claudication by directly increasing blood flow to the lower-limbs (Tan ef al. 2000a).
This is an uncommon finding following exercise training (Tan et al. 2000b; Nehler and
Hiatt, 1999b), which suggests the involvement of mechanisms other than an increase in
absolute blood flow (Tan et al. 2000a). In previous studies, changes in flow have not
been correlated with changes in exercise performance (Nehler and Hiatt, 1999b;

Regensteiner and Hiatt, 1995). Indeed, improvements in walking occur largely
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independently of ankle pressures, thereby suggesting that the adaptation is not purely a
flow phenomenon (Johnson et al. 1989; Carter ef al. 1989). However, it is possible that
there might be a better redistribution of flow to exercising muscles (Nehler and Hiatt,
1999b; Regensteiner and Hiatt, 1995) without an increase in the absolute flow rate (Tan
et al. 2000a). Collateral blood flow is believed to be the most important determinant of
functional parameters, such as exercise tolerance and intensity of symptoms (McCombs
and Subramanian, 2002). A decrease in blood viscosity (Ernst and Matrai, 1987) or an
increase in capillary density and surface area, as well as haemorheological changes may
also alter the exchange of oxygen and substrate at the capillary/muscle fiber interface

(Regensteiner and Hiatt, 1995).

Patients with PAD exhibit a high incidence of abnormal blood rheology
(Pararajasingam ef al. 1998). In one study, almost half of the patients had a plasma
viscosity in excess of the upper limit of normal (1.72 cP) (Tan et al. 2000a). In PAD,
blood viscosity plays a major role in residual microvascular perfusion, indeed during
acute leg ischaemia factors influencing microvascular blood viscosity include the
plasma fibrinogen concentration, red and white blood cell rheology, as well as platelet
aggregation and activation (Ciuffetti ef al. 2003). In normal individuals, exercise
training reduces plasma viscosity (Ernst, 1987; Chien ef al. 1966) and decreases packed
cell volume (PCV) (Fellmann, 1992). This decrease in PCV can consequently lead to
improved blood flow (Tan ef al. 2000a).

A significant improvement in blood rheology in patients with intermittent claudication
has been found following a supervised training programme in some studies (Ernst and
Matrai, 1987), but not in others (Tan et al. 2000a). Furthermore, endothelial function,
which is a measure of vascular health, is also impaired in patients with PAD. Exercise
rehabilitation which improves ambulatory function can also improve endothelial-
dependent vasodilation in older patients with intermittent claudication (Brendle et al.

2001).

1.3.7.6 Local metabolic adaptations in skeletal muscle

An additional mechanism which has been proposed is an increase in muscle enzyme
activity (Nehler and Hiatt, 1999b). Increases in the activity of cytochrome oxidase,
citrate synthetase and 3-hydroxyacyl-CoA dehydrogenase, and changes in blood
rtheology and improved blood oxygen extraction have all been suggested (Whyman and
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Ruckley, 1998). Metabolic adaptations may occur in the ischaemic muscle in response
to exercise, via an up-regulation of glucose and fatty acid metabolism under reduced

oxygen tensions (McCombs and Subramanian, 2002).

In normal individuals, exercise training leads to an improvement in the oxidative
metabolism of skeletal muscle and these changes are associated with an improvement in
the extraction of oxygen and substrate during exercise (Regensteiner and Hiatt, 1995).
In patients with intermittent claudication, regular exercise is also believed to be
effective in altering skeletal muscle metabolism (Sidoti, 1992), thereby preserving
aerobic glycolysis and preventing the accumulation of lactate and pyruvate (McCombs
and Subramanian, 2002). Skeletal muscle mitochondrial ATP production rate has been
shown to be significantly higher in trained patients compared with controls (Hou et al.
2002). This, and citrate synthase activity have been shown to be highly correlated with
walking performance in patients with PAD, suggesting that muscle mitochondrial
capacity to oxidise carbohydrate is positively related to walking performance in patients

with PAD (Hou et al. 2002).

The determination of peak VO: is considered important for assessing functional capacity
and exercise prescription (Womack ef al. 1998). Associated metabolic dysfunction of
the skeletal muscles is rectified by exercise, resulting in a change in oxidative capacity
of the skeletal muscle and greater utilisation of oxygen (Tan et al. 2000b). A period of
supervised treadmill walking (12 weeks) can increase peak Y02 by 30%, with no
change in control patients (Hiatt er al. 1990). Part of the metabolic adaptation that
occurs with training in normal individuals is an increase in the oxidative capacity, and a
fall in the RER (Holloszy and Coyle, 1984). A fall in RER in claudicants has also been

shown following supervised exercise training (Hiatt et al. 1990).

A furthe