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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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(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,

20



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).

28



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 further metabolic adaptation relates to changes in carnitine metabolism with exercise
training (Regensteiner and Hiatt, 1995). Under normal metabolic conditions, carnitine is
required for the transportation of long-chain fatty acyl groups into the mitochondria
(Regensteiner and Hiatt, 1995). Under abnormal metabolic conditions, such as muscle
ischaemia, carnitine interacts with the cellular acyl-CoA pool to form acylcarnitines
thereby removing a variety of acyl groups from acyl-CoA intermediates (Bieber et al.
1982). Patients with claudication accumulate acylcarnitines in their skeletal muscle

(Nehler and Hiatt, 1999b).
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Elevated levels of plasma concentration of acylcarnitines are associated with functional
impairment of PAD and reflect the metabolic state of ischaemic skeletal muscle (Hiatt
et al. 1990). Exercise training clears these acylcarnitine compounds and the degree of
removal from skeletal muscle is directly correlated with improved exercise
performance, suggesting some metabolic improvement as a result of training (Nehler
and Hiatt, 1999b; Hiatt ef al. 1990). Indeed, a 12-week supervised treadmill walking
programme has been shown to result in a 26% decrease in resting plasma short-chain
acylcarnitine concentration, which was correlated with improved maximum walking
time (Hiatt et al. 1990). Furthermore, a decrease in venous lactate levels after exercise
has also been found through training, supporting the concept of the reduction in
anaerobic metabolism (Tan ef al. 2000a), which has been associated with increased

MWD (Tan et al. 2000a).

It has been suggested that the presence of a chronic state of arterial insufficiency might
lead to changes in the metabolic state of muscle (Jansson et al. 1988), and that the main
mechanism of improvement in exercise performance appears to involve peripheral
adaptations in skeletal muscle metabolism rather than increases in cardiac output or

peripheral blood flow (Hiatt, 1991).

1.3.7.7 Other adaptations

A further possible mechanism for the improved walking ability following exercise
training could be a change in gait (Regensteiner and Hiatt, 1995). Patients with
claudication compared to aged matched controls demonstrate abnormal gait parameters,
and it has been suggested that further studies should evaluate whether the abnormal gait
significantly curtails walking ability (Scherer ef al. 1998). It is likely that patients with
intermittent claudication perform minimal exercise, and subsequently develop features
of disuse atrophy. Exercise training might help to overcome some of the inefficiencies

of walking associated with such gait disturbances (Tan et al. 2000a).

Improvements in the biomechanics of walking through exercise training in patients with
PAD have also been associated with improved walking ability (Tan ef al. 2000a), and
hence an improved walking efficiency and decreased energy expenditure for a given
work load (Regensteiner and Hiatt, 1995). In this respect, exercise training results in a
decreased V02 at sub-maximal workloads (Hiatt ef al. 1990). This suggests an

improvement in walking efficiency (Nehler and Hiatt, 1999b) and the biomechanics of
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walking (Womack et al. 1997). If the onset of claudication is due to a mismatch of

oxygen delivery to oxygen demand, then the lower VO: per workload may be associated

with the ability to walk longer after exercise training (Regensteiner and Hiatt, 1995).

Changes in the psychological approach to exercise (Whyman and Ruckley, 1998),
adjustments in gait, pain threshold (Regensteiner and Hiatt, 1995) and pain perception
(Remijnse-Tamerius ef al. 1999) could all account for the improved walking efficiency

(Nehler and Hiatt, 1999b), as well as a possible improved tolerance to exercise.

1.4  Exercise training

1.4.1 Supervised vs. non-supervised exercise training

Supervision is a well-documented key factor in the success of exercise programmes for
intermittent claudication (Beebe, 2001). It is regarded as the preferred gold standard
among conservative treatment options (Degischer ef al. 2002) to improve walking
capacity (Brevetti ef al. 2002). Supervised exercise programmes are superior to
unsupervised exercise (Gardner and Poehlman, 1995), for improving treadmill exercise
performance (Whyman and Ruckley, 1998) and functional status (Regensteiner et al.
1997b), however they are still very rarely employed (Carlon ef al. 2003). Perhaps due
to elevated indirect costs (Brevetti et al. 2002).

Structured dynamic exercise programmes increase pain-free walking distance (Radack
and Wyderski, 1990), relieve pain and promote optimal wellness (Ciaccia, 1993).
Significant improvement in walking speed and distance with the WIQ and in the
physical function and vitality domain of the SF-36 have also been reported following
supervised training (Nehler and Hiatt, 1999b). There is overwhelming evidence that
supervised exercise is of symptomatic benefit for intermittent claudication and little
evidence that exercise advice alone is an effective treatment (Stewart and Lamont,
2001). Primarily this results from the fact that simple advice from a healthcare provider
is insufficient to induce patients with PAD to exercise to maximum benefit (Beebe,
2001). Although a home-based exercise programme, incorporating weekly lectures
relating to PAD and weekly exercise instruction can improve walking performance and
health perception, this is attributable to the high degree of interaction between patients
and healthcare providers (Patterson et al. 1997). Without such personalised and direct
supervision, some iﬁdividuals would lack sufficient motivation to continue on their own

(Beebe, 2001).

37



A typical supervised exercise programme lasts approximately 60 minutes, and is
conducted for a period of 3 to 6 months, and is monitored by a skilled nurse or 4
technician (Nehler and Hiatt, 1999b). Patients should be reassessed clinically, on a
regular basis, as they are able to walk further and further at their chosen workload,
which necessitates an increase in speed or grade, or both, to allow patients to
successfully work at harder and harder workloads, in order to induce a training benefit

(Nehler and Hiatt, 1999b).

It is perceived that patient-specific exercise programmes and risk factor modification
are standard interventions in patients with intermittent claudication (Beebe, 2001). A
survey of consultant surgeons conducted in the UK and Ireland with an interest in
vascular disease showed that supervised exercise programmes were only available to
27% of consultants (Stewart and Lamont, 2001). Most programmes consisted of only
once weekly exercise classes (44.6%), 3.6% comprised of three or more sessions a
week, and most (58.9%) lasting two or three months (Stewart and Lamont, 2001). In
patients with PAD considerable effects on functional capacity and certain dimensions of
quality of life can be achieved by a short exercise and education programme
(Gartenmann et al. 2002). Weekly supervised exercise and motivation classes for a 6-
month period provide a significant improvement in patients symptoms, quality of life
and distance walked compared with advice alone and this improvement has been shown

to continue after attendance at the classes has ceased (Cheetham et al. 2004).

Given the dramatic increase in walking distance produced by an effective, supervised
exercise programme, and the poor results of simply giving advice, it remains surprising
that supervised programmes are not more widely available (Stewart and Lamont, 2001),
particularly in light of the Chief Medical Officers recommendation that for “people with
peripheral vascular disease, exercise rehabilitation can improve walking ability and the
ability to perform everyday tasks” (Chief Medical Officer, 2004). The costs of
physiotherapy supervision are low, at less than £5,000 a year for two classes a week,
and there may be further morbidity and health related cost benefit through encouraging
a healthier and more active lifestyle in this high risk group (Stewart and Lamont, 2001).
However, patient compliance to exercise programmes is often disappointing (Beebe,
2001). Compliance can be greatly improved through a good understanding of patients’
limitations, and development of a so-called “rapport with the patient™ at the initial

consultation session, which should not be underestimated.
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1.4.2 Importance of initial consultation sessions

At the initial appointment, patients often reveal quite negative attitudes, many are
sceptical about the value of exercise, while others are disappointed or angry that they
have not been offered a “high-tech” treatment to cure their problem (Binnie et al.
1999). There are drawbacks with undertaking an exercise training programme in that
patients must spend a considerable amount of time participating in such a training
programme to derive a benefit (Regensteiner and Hiatt, 1995). This is in contrast to an
interventional procedure in which the patient, outside of consenting to a procedure is a
more passive participant, and to pharmacological therapy, in which the patient’s
involvement is limited to taking a medication (Regensteiner and Hiatt, 1995).
Acknowledging and accepting these attitudes is essential to providing an honest basis

for beginning therapeutic work (Binnie ef al. 1999).

Allowing a generous amount of time for consultations is crucial, usually an hour for the
initial appointment and half an hour for follow-up sessions (Binnie ef al. 1999). During
this period, strategies for exercise or other behavioural change can be considered in the
context of each patient’s daily life, their other health problems and their particular
perceptions and concerns. A great deal of patient listening and careful exploration of
sensitive issues can be required to identify the right motivational triggers or to expose

the real stumbling blocks (Binnie ef al. 1999).

The continuity of patients seeing the same nurse in the hospital setting allows for the
development of a relationship in which the personal dimension of each patient’s
disability can be explored and in which the details of their efforts to deal with it can be
followed and supported (Binnie et al. 1999). Investing time, skill and energy in
establishing a relationship which is comfortable and appropriate for each patient is seen
as the central element of the conservative therapy programme, and it is the medium
through which practical strategies for behavioural change are negotiated and supported
(Binnie ef al. 1999). Such a strategy can increase patient compliance and adherence to

lengthy exercise programmes.

1.4.3 Time of day preferences to undertake exercise
The time of day when exercise is performed can influence performance. The optimal
time of day for exercise is a complex issue and is determined not just by endogenous

rhythms (rthythms, which are body clock driven), but by the nature and intensity of
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exercise, the population concerned, environmental conditions and individual phase
types (Reilly, 1990). Circadian phase types have been referred to as larks (morning
types) and owls (evening types) indicating a preference for morning or evening activity.
When considering exercise programmes, patient preferences should be considered, and
this should remain consistent throughout a study to eliminate bias. Patients’ rating of
perceived exertion can also be affected by the time of day. The time of day when
exercise is undertaken should be consistent throughout a study. The administration of a
simple questionnaire (Horne and Ostberg, 1976) “lark/owl] questionnaire” (Appendix

10) can classify individuals accordingly.

1.4.4 Limitations and long-term efficacy of structured exercise programmes
Though exercise rehabilitation (e.g. walking exercise) has been shown to improve
walking performance, it is important to note that at the end of an intervention period,
patients might still be impaired due to claudication (Izquierdo-Porrera ef al. 2000).
Furthermore, doubts exist regarding the long-term efficacy of exercise therapy and few
trials report medium to long term effectiveness (Stewart and Lamont, 2001). Continued
physical activity following a structured exercise programme is important to sustain
improvements in walking performance. A 12-month period of less frequent exercise,
preceded by a six-month exercise rehabilitation programme can sustain improvements
in claudication distance, walking economy, 6-minute walk distance, peripheral
circulation and increase daily physical activity levels by 31% in intermittent

claudication (Gardner et al. 2002).

1.4.5 Adbverse effects with exercise

The expectation is that improved walking confers cardiovascular benefits as well as
giving a better quality of life (Whyman and Ruckley, 1998). However, evidence
suggests that walking until the onset of calf pain (ischaemia) followed by rest
(reperfusion) can result in the generation of oxygen-derived free radicals, neutrophil
activation and a generalised increase in vascular permeability, and thus a low grade
inflammatory response (Tisi and Shearman, 1998). Furthermore, baseline levels of
chronic inflammatory markers such as acute-phase proteins are elevated in claudicants
compared with controls, suggesting that the transient acute inflammatory response has

longer-term consequences (Tisi and Shearman, 1998).
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It has been hypothesised that this so called ischaemia/reperfusion injury may give rise to
systemic vascular endothelial damage (Khaira ef al. 1995a; Khaira ef al. 1995b), and
the cumulative effects of these individual events could have an adverse effect on the
progression of atherosclerosis (Tisi and Shearman, 1998). In these patients the
administration of vitamin C has been shown to prevent the acute systemic impairment in
endothelial function induced by maximal exercise (Silvestro et al. 2002). Therapeutic
exercise training appears to lead to an attenuation of these inflammatory markers (Tisi
and Shearman, 1998), however researchers have concluded that the concerns about
exercise training potentiating the vascular inflammatory response appear to be
unjustified, and that exercise should be considered as an important treatment option for

claudication (Tisi and Shearman, 1998).

1.4.6 Cardiovascular demand and safety during exercise

The potential for an adverse event exists in any exercise programme, especially in one
in which an elderly group of patients with cardiovascular disease is involved in
(Regensteiner and Hiatt, 1995). Patients with PAD frequently have concomitant-
cardiovascular problems during exercise, such as hypertension (Gardner et al. 1995),
due mainly to the high prevalence of systemic cardiovascular disease as well as PAD in
these patients (Regensteiner and Hiatt, 1995). For testing and rehabilitation purposes,
exercise which elicits a lower heart rate and blood pressure at a given metabolic

intensity should be preferred over a more demanding task (Gardner et al. 1995).

The sudden release of catecholamines coupled with local ischaemia during exercise may
accelerate the pre-existing pro-thrombotic potential of the atherosclerotic vessel wall
(Mustonen et al. 1998). Indeed, sudden extreme physical stress has been associated
with an increase in the risk of myocardial infarction especially in individuals with pre-
existing atherosclerosis (Mustonen ef al. 1998). Adverse effects with supervised
exercise programmes have included angina and dyspnoea on a treadmill (Larsen and

Lassen, 1966).

1.4.7 Effects of exercise rehabilitation on cardiovascular risk factors

Dynamic, relatively intense physical training, performed at least 3 times per week for 30
minutes for 1 to 8 months, has been shown to reduce blood pressure, particularly in
hypertensive patients (Fagard, 1994). Exercise rehabilitation can also potentially

improve glucose tolerance. Control of such factors is an integral part in the management
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of PAD (Izquierdo-Porrera ef al. 2000), since it can reduce cardiovascular risk (Stewart
and Lamont, 2001). However, previous reports have been unable to find a correlation
between changes in functional performance and changes in cardiovascular risk factors,
suggesting that exercise acts through different mechanisms in order to achieve

improvements in these parameters (Izquierdo-Porrera et al. 2000).

Exercise has a beneficial effect on the risk factors that contribute to the development of
PAD and the rate of atherosclerosis progression, including lowering total cholesterol
and low-density lipoprotein cholesterol (LDL-C) (Izquierdo-Porrera et al. 2000), which
might reduce the risks of coronary events (Tan ef al. 2000a). Although, it has been
argued that despite the large functional gains following exercise rehabilitation, the
absolute amount of exercise in this debilitated population might be insufficient to elicit

favourable alterations in cardiovascular risk factors (Izquierdo-Porrera et al. 2000).

1.4.8 Optimum exercise programme and prescription

Exercise training programmes have a clinically important impact on functional capacity
in patients in whom spontaneous recovery of symptomatic PAD does not occur
(Regensteiner and Hiatt, 1995). Important details about aerobic exercise include the
physiological responses to an acute bout of exercise, chronic adaptations to training,
prescription of training programmes, and health benefits (Wilmore, 2003). The ability to
improve the cardiovascular, musculoskeletal, and respiratory response to aerobic
exercise is directly related to the frequency, intensity and duration of the programme

(Evans et al. 1994) and mode of exercise (Wilmore, 2003).

Of the exercise prescription factors, the most important is intensity. With older and high
risk individuals, intensity must be monitored carefully to ascertain that they are training
at levels that will not only provide a training stimulus, but also be safe (Wilmore, 2003).
The patients’ initial fitness level, age, personal goals, and methods for monitoring the
intensity of exercise are also important considerations (Wilmore, 2003). Activities
commonly used by older adults to improve these responses include walking, jogging,
cycling and swimming (Evans ef al. 1994). The American College of Sports Medicine
recommends that the mode of activity should use large muscle groups, maintain a
continuous pace and be rhythmical and aerobic in nature (American College of Sports
Medicine Position Stand: 1998). However, there is no consensus about the indication of

exercises for patients with intermittent claudication of the lower extremity and the
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characteristics of an exercise programme to improve waking distance (Brandsma et al.
1998). Many studies have shown that exercise training is beneficial for patients with
PAD, however there is little research comparing various modes of training (Jones et al.
1996). Exercise principles that have been shown to be effective in increasing walking
distance in claudicants include exercising to near maximal pain during training for more
than 30 minutes, for at least three times per week, in a programme lasting at least six
months in duration and which includes walking as the mode of exercise (Gardner and
Poehlman, 1995). However, interventions designed to encourage adoption of an
exercise regimen must be responsive to the individual’s current stage of readiness and
focus efforts on moving the individual through the various “stages of change” (Allbright
et al. 2000). Differences in both CD and MWD observed between studies can be
interpreted due to differences in exercise intensity and duration, which can have a

bearing on improvement (Table 3).
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1.4.9 Cost implications

It emerges that PAD places a great burden on health systems and on society as a whole
(Brevetti and Chiariello, 2004). Some of these costs, including indirect and intangible
costs (i.e. those related to productivity, and reduced quality of life, respectively) could
be reduced if the condition were to be recognised and correctly treated at an early stage
(Brevetti and Chiariello, 2004). Furthermore complications associated with PAD, for
instance during invasive therapy, can take a great toll in terms of treatment costs

(Brevetti and Chiariello, 2004).

Physical inactivity is a major health concern today (Wilmore, 2003). Cost effectiveness
and the economic implication of exercise needs careful consideration, since the national
implication of physical inactivity might have immense future implications for PAD
care. Maintaining an active lifestyle throughout life appears to be critical to maintaining
independence and health (Wilmore, 2003). Low levels of physical activity have already
become a major public health problem in most Western societies, with the cost of
physical inactivity in England estimated to be at least £8.2 billion a year (Chief Medical
Officer, 2004).

A test that is used in clinical trials should address patient-focused clinical outcomes,
including functional status, walking ability and quality of life (Regensteiner and Hiatt,
1995). The potential benefits of sustained exercise programmes for intermittent
claudication not only include improvements in effective exercise performance, walking
distance and increases in levels of physical functioning, but also cost-effectiveness
(Beebe, 2001). A 6-month programme of exercise rehabilitation has been found to be
more effective and cost less than percutaneous transluminal angiolplasty, and has been
suggested to be cost-saving (Treesak ef al. 2004), even in the form of supervised
classes, since many patients can be treated at the same time (Whyman and Ruckley,
1998). However it is important to take into consideration that patients must invest time
before reaping any health reward, therefore exercise may not be as inexpensive as it
seems when this perspective is considered, since the cost of the time spent exercising
must be taken into account (de Vries et al. 2002). Furthermore non-medical costs

including transportation costs should also be considered (de Vries et al. 2002).
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1.5  Comparison of various modes of exercise training

1.5.1 Walking exercise

Walking is not only rhythmic and dynamic, but it is the most natural aerobic weight-
bearing activity of large skeletal muscles, and in the general population it confers
various benefits with minimal adverse effects (Morris and Hardman, 1997). It is
associated with an increase in bone related strength in individuals of all ages (Morris
and Hardman, 1997). In intermittent claudication, exercise in the form of walking is
effective in reducing pain and improving walking distance (Bartelink et al. 2004). At
the very least, walking prevents a deterioration in symptoms in the majority of patients,
and the greatest effect is generally noted within the first three months of commencing a

walking programme (Whyman and Ruckley, 1998).

Early descriptions of exercise therapy for patients with PAD consisted of general advice
to take daily walks (Regensteiner and Hiatt, 1995). This was to be done at an intensity
below the threshold of claudication pain, and exercise was to cease at the onset of pain
(Foley and Wright, 1953). More recently, it has been suggested that patients should be
encouraged to walk primarily on a treadmill, because this most closely reproduces
walking in a community setting (Hiatt and Nehler, 2001). The benefits of a supervised
walking exercise programme have been considered and therefore exercise rehabilitation
constitutes an important form of therapy for these patients (Regensteiner, 2004), since
walking distance (Brandsma ef al. 1998) and exercise performance are improved

(Regensteiner et al. 1996).

It has been suggested that the initial workload should be set to a speed that brings on
claudication pain within three to five minutes, and that patients should walk at this
intensity until they achieve claudication of moderate severity (Nehler and Hiatt, 1999b).
Patients should then rest until the claudication abates, and then resume further exercise
(Nehler and Hiatt, 1999b). Supervised physical training beyond the claudication
threshold significantly improves both walking time and the quality of life of patients

with intermittent claudication (Carlon ef al. 2003).

To date, the most utilised and effective mode of exercise therapy for PAD has been
treadmill walking exercise in a hospital-based setting (Regensteiner and Hiatt, 1995).
Supervised treadmill training programmes can improve functional status during daily

activities, with 24-weeks of training being more effective than 12-weeks (Regensteiner
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et al. 1996). Treadmill training alone has been demonstrated to be more effective in
improving functional status in patients with intermittent claudication than strength
training or combinations of the training modalities (Regensteiner e al. 1996). As such,
a 24-week treadmill training programme for patients with disabling claudication has
been recommended (Regensteiner ef al. 1996). Such programmes are associated with
well-established changes in treadmill exercise performance and community-based
walking ability in patients with intermittent claudication (Hiatt et al. 1990;
Regensteiner and Hiatt, 2002a). Improvements in walking distance have been reported
to be in the region of 44 - 300 % and 25 - 442 %, for pain-free and MWD, respectively
(Regensteiner ef al. 1997a).

1.5.2 Potential problems with walking exercise rehabilitation programmes
Incentives associated with starting and continuing walking have included advice from a
doctor, relief of complaints and achievement of a better general condition (Bartelink et
al. 2004). However, walking exercise programmes do have several disadvantages.
Firstly, patients with intermittent claudication are limited in their ability to walk (Hiatt
et al. 1988) and the physical discomfort encountered by performing lower-limb weight-
bearing exercise is undoubtedly a major reason why this strategy has failed to achieve

widespread popularity (Walker et al. 2000).

Walking exercise requires patients to be well motivated and not to have severe co-
morbid conditions such as disabling angina, dyspnoea or arthritis, which might render
exercise to be impossible (Whyman and Ruckley, 1998). Exercising patients over the
pain threshold might also be dangerous (Carlon et al. 2003). Further disadvantages with
community-based walking programmes include the deterrents of road traffic accidents,
heavily polluted air and the smell of traffic (Morris and Hardman, 1997). Cracked or

uneven pavements may present additional hazards.

Patients frequently complain that the prospect of walking up a hill terrifies them and
generally they plan their route to minimise any hill walking, due to the excruciating pain
that they experience as a consequence of their intermittent claudication. Resistance and
anxieties, may have to be overcome before patients adopt walking exercise (Table 4)
(Binnie et al. 1999). In addition, a lack of specific advice and supervision, and the
presence of co-morbidity have all been found to be important barriers to taking up

walking exercise (Bartelink ef al. 2004).
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Table 4. Patients anxieties associated with walking exercise (Binnie et al. 1999).

Fear of the pain (i.e. that walking with pain will do some damage)
A perception that going for a walk is not possible because of the pain

A fear of not being able to get home, or of legs ‘giving way’

e

Feeling foolish when having to stop (‘people wonder what you are doing, just
standing there”)

A perception of not having time to go for regular walks

A dislike of walking without a purpose

Fear or dislike of going out alone

P N W

Confusing ‘stop-start’ activities (e.g. ‘pottering about’; ‘I’m on my feet all day’;

wandering around the shops’) with the sustained effort of a purposeful walk

Walking may also be regarded as a convenient low-impact mode for diabetics, but some
patients, because of peripheral neuropathy and/ or foot problems, may need to do non-

weight-bearing activities (Allbright ef al. 2000).

1.5.3 Alternative training modalities

The effects of other modes of exercise training on functional status in the PAD patient
population have not been fully assessed (Regensteiner ef al. 1996). Although many
studies have shown that exercise training is beneficial for patients with PAD, there is
little research comparing various modes of training. In previous studies, 702 during
walking and stair climbing has been found to be similar (Gardner ef al. 1995). Indeed,
one study involving exercise tests performed on a StairMaster apparatus has produced
improvements in exercise capacity that are similar to those elicited by treadmill tests,
and it has been suggested that this type of apparatus should be incorporated as part of

the exercise prescription for the treatment of patients with PAD (Jones et al. 1996).

Other studies have utilised pneumatic foot compressions to improve walking distance in
these patients. Intermittent pneumatic foot compression augments arterial leg inflow,
and following 4.5 months of prolonged use of impulse leg compressions at home, CD
and resting ABPI and post ABPI after exercise and arterial calf inflow have been shown
to improve, suggesting an improved collateral circulation (Konstantinos ef al. 2000). A
24-week programme of progressive resistance training can also improve pain-free

walking distance in these patients (McGuigan et al. 2001). A 12-week programme of
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strength training with treadmill training has also been compared (Regensteiner et al.
1996). Strength training of the lower leg muscles was evaluated because of the
observation that patients with PAD have leg muscle weakness (Regensteiner et al.
1993b). In addition, it has previously been observed that strength training may augment
the response to an aerobic training programme in normal subjects (Hickson et al.

1988). However, the study found that strength training does not improve peak exercise
performance or peak ¥O:, whereas treadmill training does (Hiatt e al. 1996).
Treadmill training alone is thus more effective in improving functional status, when
compared with strength training or a combination of treadmill and strength training

modalities (Regensteiner et al. 1996).

Cycling as a testing modality in the treatment of intermittent claudication has also been
compared with graded walking (Askew ef al. 2002). Maximal exercise times in the two
modalities, although different, were highly correlated, suggesting that the level of
exercise intolerance established using a cycle test is similar to that determined from a

treadmill test (Askew et al. 2002). Peak VO measured during the cycle test was similar

to that observed during treadmill walking, and the two sets of peak V02 were highly
correlated with each other (Askew et al. 2002), suggesting that cycle testing elicits a

peak V02 comparable with that observed during a treadmill test. It has thus been
suggested that tests that reduce the risk of falling and are not weight bearing (i.e. cycle
test) may be of considerable benefit in the assessment of frail and very de-conditioned
individuals (Askew et al. 2002). In many clinical settings a Monark leg ergomater is
used (Kang et al. 1999). However, the need for an optimal rehabilitation programme
has been stressed (Robeer et al. 1998), since exercising the lower-limbs can be painful,
and this can limit the training intensity. During walking, calf pain is the primary
limiting symptom, whereas the symptoms during cycling are more varied and include

thigh pain, calf pain and dyspnoea (Askew ef al. 2002).

The efficacy of walking using modified ski poles (pole striding exercise), which uses
the muscles of the upper and lower body in a continuous movement similar to cross-
country skiing, has shown to improve exercise tolerance of patients with intermittent
claudication (Collins ef al. 2003) following a 24-week training period (Langbein et al.
2002).
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A further alternative training modality is upper-limb exercise training. Such exercise is
often performed on a mechanically braked ergometer, which permits accurate
measurement of power output (Astrand, 1977). The Monark (Varberg, Sweden) arm
ergometer is one such device that is widely used (Kang et al. 1999). Stationary arm-
cranking is a mode of exercise commonly used for fitness testing and aerobic
conditioning in individuals with lower extremity and spinal cord injuries (Balady, 1993;
Graves and Pollock, 1993).

The potential advantages of such an exercise regimen in patients with intermittent
claudication are two-fold. Firstly, patients do not experience the ischaemic pain which
is associated with leg exercise, Secondly, upper-limb exercise might not induce the
systemic inflammatory response associated with relative ischaemia-reperfusion and
neutrophil activation that is associated with lower-limb exercise, thereby allowing
patients to exercise to a greater intensity (Nawaz et al. 1999). Thus, preliminary
evidence suggests that carefully prescribed upper-limb exercise training can be used as
an alternative exercise strategy for evoking symptomatic improvement in patients with
intermittent claudication (Walker et al. 2000). This type of exercise strategy might
therefore have a role to play in exercise rehabilitation, as it might be a more acceptable
mode of training by these patients, whilst simultaneously evoking positive

cardiovascular adaptations.

A 6-week programme of upper-limb cardiovascular training has reported to produce an
improvement in pain-free walking distance, which was comparable to that achieved
using lower-limb training in a parallel group of patients (Walker ef al. 2000). This
suggests that exercise-induced central adaptations influence improvements in walking
distance after training as well as local adaptations in leg skeletal muscle (Walker ef al.

2000).

1.5.4 Physiology of upper- and lower-limb exercise

Questions arise as to whether upper-body exercise on an arm ergometer and leg
ergometer will elicit different physiological and perceptual responses even though the
exercise is performed at a similar power output (Kang ef al. 1999). Upper-body
exercise on an arm ergometer has been shown to elicit greater cardiorespiratory,

metabolic and perceptual responses compared with a modified leg ergometer at the

same sub-maximal power outputs, as manifested by higher VO , heart rate, respiratory
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exchange ratio, pulmonary ventilation and perceived exertion (Kang ez al. 1999). Such
cardiorespiratory differences between upper- and lower-limb exercise have previously
been reported in healthy (Aminoff ef al. 1998; Kang et al. 1999), and ischaemic heart

disease patients (Lazarus ef al. 1981), but not in patients with intermittent claudication.

Peak aerobic exercise capacity for arm-crank exercise in healthy individuals is in the
region of 60 - 80% of comparable lower-limb exercise capacity (Cummins and Gladden,

1983; Reybrouck et al. 1975; Vokac et al. 1975; Astrand et al. 1961). Suspected

physiological mechanisms to account for these differences in 7O are outlined in Table

5.

Table 5. Physiological mechanism(s) suspected to be responsible for the lower peak

Y02 values during arm-exercise compared to leg-exercise (Sawka, 1986).

Reduced potential to generate muscular tension
smaller total skeletal muscle mass
smaller cross-sectional area of muscle
Reduced oxidative capacity
smaller skeletal muscle mass
differences in muscle fibre composition
differences in motor unit recruitment patterns
Reduced blood perfusion of skeletal muscle
smaller total capillary cross-sectional area (maximal vasodilation)
vascular capillary bed differences (fibre type)

intramuscular pressures exceeding perfusion pressure

During arm-crank exercise, the smaller amount of active skeletal muscle might account
for the lower peak aerobic exercise capacity in healthy individuals, however this does
not appear to be the case for patients with symptomatic PAD. Fardy et al (1977)
reported the case of a patient with PAD whose maximum physical work capacity for
arm-cranking exercise was equivalent to that for treadmill walking exercise (6 METSs)
due to the ischaemic pain encountered during walking (Fardy ef al. 1977). This case
suggests that arm-cranking could be an equivalent exercise stimulus to weight-bearing

walking exercise for evoking positive cardiovascular adaptations in this patient group.
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Thus, an improved insight into the factors that influence exercise tolerance with
alternative muscle groups could lead to better exercise prescriptions for these patients

with intermittent claudication.
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1.6  Study aims

The aim of this study was to determine the relative efficacy of a 24-week programme of
twice weekly upper-limb and lower-limb exercise training on both pain-free and MWD
in patients with stable intermittent claudication and its impact on community-based
walking ability and quality of life, by assessing patients at 6-weekly intervals

throughout the intervention period.

This study was also designed to provide an insight into the possible mechanism(s)
underlying the exercise-induced symptomatic improvements in these patients, such as
central cardiovascular, localised metabolic adaptations or psychological factors, such as
improved confidence in walking or pain tolerance. The relative importance of these
factors and possible cross-over effects were determined over the duration of the 24-
week training programme. Patients’ actual and perceived walking ability, functional
capacity, physical activity and quality of life were also observed at 6-, 12-, 24- and 48-
weeks following the end of the intervention period. These time-points were selected, in
order to consider both the short to medium, and longer-term effects following a

programme of exercise rehabilitation in patients with intermittent claudication.
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Chapter 2 - Methodology

2.1  Research design

This was a randomised controlled trial (RCT), with patients randomised into one of
three groups: - upper-limb exercise training, lower-limb exercise training or to a non-
exercise training control group. The study was designed to include an intervention

period of 24-weeks in duration, followed by a 48-week follow-up period.

2.2  Patient selection and accustomisation to test procedures

2.2.1 Selection and recruitment

Ethical approval was obtained from the North Sheffield Local Research Ethics
Committee. Clinically diagnosed patients with stable intermittent claudication were
selected and recruited from clinical notes, from the Sheffield Vascular Institute, at the
Northern General Hospital, Sheffield, U.K. Selection was based on patient's medical
history, previous physical examination and on the inclusion and exclusion criteria
dictated by this study (Appendix 1). In accordance with previous suggestions, nursing
home residents, wheelchair bound patients, and patients with foot or leg amputations
were excluded, because their function was uniquely impaired (McDermott ef al.

2002a). Vascular consultants also referred suitable patients onto this study.

Patients satisfying the study criteria were sent a letter (Appendix 2), with an attached
patient information sheet (Appendix 3) and a leaflet describing the facilities and
directions to the Centre for Sport and Exercise Science. The letter clearly stated that
there was no obligation or pressure to participate in this study. If patients did not wish to
participate, their future medical care would not be jeopardised. Patients declining to be

contacted were requested to leave an answer-phone message by a specified date.

Patients, who had not left an answer-phone message declining to take part, were
presumed to have a possible interest in study participation. These patients were
contacted via telephone, and vetted to ascertain that they still fulfilled the study criteria.
All initial patients’ questions were answered. Patients satisfying the study criteria were
invited to the Centre for Sport and Exercise Science for an initial consultation session to

view the facilities and to thoroughly discuss all aspects of the study.
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The composition of the three study groups, the randomisation procedure, potential
benefits of both training programmes, the required commitment to the training sessions
and the measurements that were to be taken during the assessment sessions were all
discussed, as were the requirements from patients if randomised to the control group.
Suitability was re-assessed on the basis of previous history, in accordance with the

study inclusion and exclusion criteria.

Based on the guidelines of the American College of Sports Medicine (American
College of Sports Medicine., 1991) and Regensteiner ef al (Regensteiner et al. 1996)
patients with any of the following criteria were excluded from the study: Fontaine stage
I PAD (ambulation not limited by claudication); Fontaine stage III PAD (pain at rest);
exercise tolerance limited by factors other than claudication (e.g. severe CAD, poorly
controlled hypertension, pulmonary disease, severe arthritis or orthopaedic conditions);
poorly cohtrolled diabetes mellitus; or other active major medical problems including
cancer, renal or liver disease, anaemia, substance abuse or dementia (Gardner ef al.

2001).

Patients with unstable hypertension were excluded as blood pressure rises considerably
when hypertensive patients perform dynamic exercise (Fagard, 1994). Patients with
diabetes were included in this study. Previous studies have excluded these patients on
the grounds that authors wished to avoid the confounding effects possibly resulting
from complications common to diabetes (i.e. neuropathy, autonomic dysfunction) that
can interfere with the ability to benefit from a training programme (Regensteiner et al.

1996).
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2.2.2 Inclusion criteria
Patients were included in the study on the basis of:-
¢ Clinical symptoms and signs of PAD supported by the presence of usual risk
factors
e Symptoms of stable intermittent claudication of 12 months or more duration
e An ABPI of less than 0.9
¢ No interventional procedures within the last 12 months (i.e. angioplasty etc)
e Ability to undertake exercise
e No exercise-limiting angina
e No shortness of breath
e No severe arthritis

2.2.3 Exclusion criteria
Patients were excluded on the basis of:-
e Symptoms of intermittent claudication present for less than 12 months
o Significant change in walking ability within the last 12 months (denoting
unstable claudication)
e Exhibiting features of critical limb ischaemia
e A re-vascularisation procedure, or other surgical intervention to the lower-limbs
within the last 12 months
e Ifinitial assessment established that the patient suffered from
- severe arthritis
- or unstable cardio-respiratory conditions, such as
- shortness of breath

- or exercise-limiting angina

Upon providing verbal agreement to study participation, informed consent (Appendix 4)
was obtained and a Physical Activity Readiness Questionnaire (PAR-Q; Appendix 5)
form was completed. Patients fulfilling the study criteria were thoroughly familiarised
with all test protocols and equipment. Smoking status was confirmed by a smokerlyzer

test (Bedfont, UK), which measured and verified carbon monoxide (CO) levels.
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2.2.4 Power calculations for determination of sample size

The primary outcome variable for the calculation of sample size was MWD due to
intolerable claudication pain, since CD is recognised as a less reliable walking
performance measure compared to MWD in incremental walking assessments (Gardner
et al., 1991; Hiatt et al., 1988; Hiatt et al., 1995; Labs et al., 1999). In a preliminary
study, MWD increased from a baseline level ( SD) of 289 + 127 to 427 £ 219 m
following a 6-week period of upper-limb aerobic exercise (Walker et al. 2000). A
similar improvement in MWD was observed following lower-limb aerobic exercise
training. An improvement in MWD of this magnitude is considered to be clinically
important in patients with PAD. On the basis of these data, and taking into account an
expected patient drop-out of 30% over a 6-month intervention period, recruitment of 35
patients for each group yielded an 80% power to detect an increase in MWD of this

magnitude at the alpha level of 0.05.

2.2.5 Accustomisation of patients to the test procedures

2.2.5.1 Accustomisation to Borg (RPE and CR-10) scales

All patients received instructions regarding the definition of perceived exertion and the
use of the exertion (Borg 15-graded RPE) and pain (Borg CR-10) rating scales
(Appendix 6, 7, 8 and 9; (Borg, 1998)). Six points were followed in accordance with
these instructions set out by Noble and Robertson (1996) (Noble and Robertson, 1996),

regarding their administration namely:-

Defining perceived exertion and perceived pain
Anchoring the perceptual range

Explaining the nature and use of the scales
Explaining differentiated ratings

Correctness of perceptual responses

S o S

Answering participant’s questions

Both the Borg 15-graded RPE scale (Appendix 6) and Borg CR-10 pain scale
(Appendix 7) were shown and remained on view whilst the scale instructions were
subsequently read out to the patient (Appendix 8 and 9, for RPE and pain scale
instructions, respectively). The instructions emphasised that the perceptual ratings of
perceived exertion should reflect sensations of exertion, stress, and/or discomfort in the

limbs and respiratory system (Kang ef al. 1999). Any questions were answered.

57



2.2.5.2 Leg and arm-cranking accustomisation

The first step in the pre-participation evaluation was to assess for contraindications to
exercise testing and training and to identify any risks or limitations relevant to the
exercise prescription (Kligman et al. 1999). Prior to undertaking any exercise, systolic
(SBP) and diastolic blood pressure (DBP) was measured (manual sphygmomanometer).
Heart rate (HR) was continuously monitored using a short-range radio-telemetry
monitor (Polar Sport Tester, Kempele, Finland), which was slightly moistened and
applied to the lower thorax. Patients were asked to exercise on a standard friction

braked arm ergometer (Monark 881E, Varberg, Sweden).

In accordance with previous suggestions, prior to undertaking exercise the height of the
ergometer crank sprocket was adjusted so that the crank axle was at shoulder level and
the elbow was extended, but not locked when the handgrip was farthest from the body
(Kang et al. 1999). Patients exercised at 50 revs.min™, for 2 min at 7.5 W. A
metronome was used to keep pace when required. HR was ascertained during the last 15
seconds of the 2-min exercise bout. Patients were asked to evaluate without
overestimating or underestimating both their feelings of exertion and perceived pain

using the Borg 15-graded RPE and pain scales (Borg CR-10), respectively.

Following a 2-min rest interval, patients continued to exercise in bouts of 2 min of
exercise, followed by 2 min of rest. Each time the exercise intensity was increased by
7.5 W until exertion was perceived to be 13 (somewhat hard) on the Borg RPE scale, or
pain was of a moderate intensity (number 3 on the Borg CR-10 scale), whichever was
experienced first. This cycle of events incorporated both the lower and higher anchors
of the scale, thereby acquainting patients with the feelings of exertion that they should
experience at each of those anchors. Following an adequate rest interval, patients
repeated the procedure on a standard stationary cycle ergometer (Monark 824E,
Varberg, Sweden) with the exercise intensity increased by 15 W each increment due to

the larger skeletal muscle mass involved.

Patients were shown the gas analysis equipment used to measure and record breath-by-
breath data. The correct use of the mouth piece and nose-clip was demonstrated to the
patient, after which the patient was asked to insert a suitably sized mouth piece into
their own mouth and instructed to breathe as normally as possible. The nose clip was

applied in order to prevent inhalation and exhalation through the nasal passage. Patients
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were asked to breathe only through the mouth piece and were instructed that this

process would be required during the assessment visits.

2.2.5.3 Incremental shuttle-walk accumstomisation
Walking ability was assessed using an incremental shuttle-walk test (Zwierska et al.
2004). The protocol was initially demonstrated to the patient. All patients were

accustomised with the protocol, during which their CD and MWD were assessed.

2.2.6 Time of day preferences to undertake exercise

Patients were asked to consider their time of day preferences to perform exercise.
Patients completed Horne and Ostberg’s (1976) Lark-Owl questionnaire (Appendix 10)
which relates to individuals time of day preferences to perform physical activity (Horne
and Ostberg, 1976).

The questionnaire was scored accordingly:-

Table 6. Scoring of lark/owl questionnaire.

Score Type of Individual (i.e. morning (lark) or evening (owl) type)
70 - 86 Definitely a morning person
59 - 69 A moderate morning person
42 - 58 Neither a morning nor an evening person
31-41 A moderate evening person
16 - 30 Definitely an evening person

Scores were evaluated against a patient’s self perception of time of day preferences.
Patients were advised that all training and assessment sessions would be conducted at
similar times of the day, at their perceived optimum time of day to perform exercise in

accordance with their expressed preference, as confirmed via the questionnaire.
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2.2.7 Medical examination

Prior to entering the study, all patients on a separate occasion underwent a thorough
medical examination performed by Mr. Sohail Choksy, FRCS (Vascular Surgeon,
Northern General Hospital, Sheffield, U.K.). During the peripheral vascular
examination the diagnosis of intermittent claudication was further confirmed by the
Doppler assessment of ABPI, in accordance with current U.K. medical practice. Some
patients had previously undergone duplex ultrasonography and/or intra-vascular
peripheral angiography assessments, and these results were made available during the
examination. In two-thirds of the patients, claudication was due to superficial femoral
artery disease as determined by angiogram, duplex scanning or examination of pulses.

The remainder of patients had tibial vessel disease.

During the medical examination, details of surgical history, co-morbid conditions and
risk factors such as smoking status were assessed (Appendix 11). Efficient screening
highlights previous exercise programmes, present activity and existing chronic or acute
disease (Kligman et al. 1999). The physical examination also includes vital signs and
cardiorespiratory and musculoskeletal evaluation (Kligman ef al. 1999). Current
medication was also confirmed. Medical history needs to be taken and medication
reviewed in order to determine any potential interaction with exercise testing or training
(Kligman ef al. 1999). Smoking status was assessed on the basis of history and further
confirmed by CO analysis using a smoke meter (Bedfont, U.K.). Patients on long-term
medication continued on their treatment. Blood pressure was taken (manual
sphygmomanometer) and a resting 12-lead ECG (Seca, CT3000B, Switzerland) was
performed with the patient in the supine position, in order to identify evidence of
arrhythmias (the commonest being atrial fibrillation), previous myocardial infarction (Q

waves) or ischaemia (ST segment depression).

Absolute contraindications to formal exercise testing include recent
electrocardiographic changes or acute myocardial infarction, unstable angina, third-
degree heart block, and acute congestive heart failure (Mahler and American College of
Sports Medicine, 1995). Patients with abnormal resting ECG readings were excluded
from participation in the study. Relative contraindications to exercise testing include
elevated blood pressure, cardiomyopathies, valvular heart disease, complex ventricular
ectopy and uncontrolled metabolic diseases (Kligman et al. 1999). The initial arm-

cranking assessment to maximum exercise tolerance was undertaken in the presence of
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Mr. Sohail Choksy, FRCS. All other sessions were undertaken in the presence of
personnel that had received training in advanced life support procedures. All patients

GP's were notified in writing of study participation (Appendix 12).

2.2.8 Randomisation and frequency of attendance

2.2.8.1 Patient randomisation

Upon completing all baseline assessments, patients were randomised (random selection
without replacement) into either the lower-limb exercise training, upper-limb exercise
training or control group, using the fishbowl technique (Baumgartner and Strong, 1998).
The fishbowl technique involved writing the names of recruited patients on a piece of
paper. The pieces of paper were placed in a box and drawn. This approach‘ensures

randomisation and an equal distribution of patients into each of the three study groups.

The randomisation procedure was conducted by a member of the research team not
involved in the recruitment, familiarisation or assessment process. Patients were
randomised into the groups regardless of gender, age, severity of symptoms, current

medication or smoking status.

2.2.8.2 Frequency of assessment sessions

The initial leg-crank test (LCT), arm-crank test (ACT) and walking assessments were
repeated every 6-weeks during the 24-week intervention period. During each
assessment week, patients randomised to the training study did not perform any training
sessions. During the intervention period patients performed five assessments in total.
All patients were also assessed 6-, 12-, 24- and 48-weeks after the end of the

intervention period.

2.3 Assessment sessions

One hundred and four patients (median age 69 yr, range 50-85 yr) with stable
intermittent claudication were recruited from the Sheffield Vascular Institute at the
Northern General Hospital, Sheffield, U.K. Demographic data (sex, age, weight, height,
body mass index, diabetic and smoking status) are shown in Table 8. In accordance with
previous suggestions (Tan et al. 2000a), patients were instructed not to perform any
exercise for 24 hr prior to each assessment session. Patients were also advised to abstain

from caffeinated beverages and nicotine intake for at least 2 hr prior to each test.

61



2.3.1 Assessment of walking performance using the incremental shuttle-walk test
Intermittent claudication was defined as exertional calf pain which never begins at rest
and resolves within 10 min of rest. Walking performance was assessed using an
incremental shuttle-walk test. This ascertained that the severity of claudication pain was
the limiting symptom during daily activities and during walking assessment in the

laboratory.

The shuttle-walk test was a modified version of the protocol developed by Singh et a/
(Singh et al. 1992) for use in patients with chronic airways obstruction. This test has
recently been evaluated against an internationally accepted, standardised treadmill
protocol (walking speed 3.2 km.h™! at 12% gradient) (Labs et al. 1999a) in patients with
intermittent claudication, with respect to test-retest reliability, cardiovascular responses

and patient preferences (Zwierska et al. 2004).

All patients were confirmed to be pain-free (using the Borg CR-10 scale) prior to
commencing the shuttle-walk test. HR at rest was recorded using a short-range radio-
telemetry monitor (Polar Sport Tester, Kempele, Finland) and a small resting blood
sample for lactate analysis (25 pl) was taken. The incremental shuttle-walk test required
patients to walk back and forth between two cones placed 10 metres apart on a flat
floor. Walking speed was controlled by bleeps recorded onto an audio-tape and the
accuracy of the timed signal was ensured by the inclusion on the tape of a calibration
period of 1 minute. Patients began walking on hearing the first bleep and aimed to reach
the opposite cone by the next. If patients arrived before the bleep, they were required to
wait for it before walking back. Patients arriving after the bleep were given verbal
instructions to increase their walking speed so as to make it to the opposite cone before
the next bleep. Patients achieved the correct walking pace within two or three

repetitions (20-30 metres).

The initial walking speed was 3 km.h™. At the end of each minute, the time interval
between audible bleeps decreased, and this resulted in a step-increase in walking speed
of 0.5 km.h"\. This incremental increase in walking speed gradually stresses the cardio-
respiratory system to a symptom-limited maximum, potentially making it safer for

patients with cardiac and respiratory conditions (Singh ef al. 1992).
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For each patient the time taken to reach the onset of claudication pain (claudication
distance, CD) was recorded, at which point patients were encouraged to continue
walking until they could no longer tolerate the claudication pain (maximum walking
distance, MWD). The time taken to reach this point was noted, and the test was
concluded. The time measurements were converted into distances walked (metres) using
a macro-program, developed by Dr. Richard D. Walker. HR at CD and MWD was
recorded using a short-range radio-telemetry monitor (Polar Sport Tester, Kempele,
Finland). At CD patients were asked to consider their degree of claudication pain (Borg
CR-10 scale) and at MWD their degree of claudication pain and RPE, using the Borg
CR-10 and Borg RPE scales, respectively. A post-walking and a 5-min post-walking
blood sémple for lactate analysis (25 pl) was taken. After the walking assessment,
patients were allowed to rest whilst being continuously monitored in order to ensure that

BP and HR returned to resting levels.

The initial assessment of walking performance using the incremental shuttle-walk test
was performed on a separate occasion, usually a few days after undertaking the ACT
and following prior familiarisation with the shuttle-walk protocol. To minimise
inconvenience to patients, all other 6-weekly re-assessments of walking performance
were undertaken prior to, but on the same day as the ACT. A time period of at least 15
min was allowed before undertaking the ACT and patients were asked to confirm that

they were pain-free (Borg CR-10 scale) prior to undertaking the ACT.

2.3.2 Precautions during the shuttle-walk assessment

Previous reports have suggested that walking surface, incline walking, the type of
footwear worn and environmental conditions can all influence walking ability. In order
to prevent bias, all shuttle-walk tests were undertaken in the same laboratory under
consistent and controlled environmental conditions. All walking was undertaken on the
flat. Ladies in the past have stipulated that walking undertaken with footwear having a
heel can alter their walking ability. For each assessment all patients were instructed to

wear the same type of footwear.

63



2.4 Outcome measures during walking performance

2.4.1 Heart rate, perceived pain and perceived exertion

HR and perceived pain responses (Borg CR-10 scale) at CD and perceived exertion
(Borg RPE scale) at MWD were assessed during the shuttle-walk test to assess the
consistency of effort and the degree of pain experienced during each walking

assessment at the different time points throughout the intervention period.

2.4.2 Ankle-Brachial Pressure Index (ABPI)

ABPI was determined prior to, and immediately following the incremental shuttle-walk
test, at each assessment time-point. For the baseline ABPI measurement, patients rested
in a recumbent position for at least 5 min. SBP and DBP (manual sphygmomanometer)
were measured using an appropriately sized blood pressure cuff in the left and right
brachial artery above each malleolus (McDermott e al. 2002b). If one brachial arterial
pressure was greater than the opposite brachial arterial pressure and the difference was
at least 10 mm Hg, subclavian stenosis was suspected, and the pressure measurement
from the arm with the highest SBP was used to calculate ABPI (McDermott et al.
2002b).

SBP was then measured in the posterior tibial and dorsalis pedis artery at the ankle in
both the symptomatic and non-symptomatic leg using a Doppler ultrasound probe
(Huntleigh Diagnostics, U.K.) and a standard-sized ankle BP cuff (10-cm width). Both
arterial pressures were recorded. Resting ankle to brachial pressure index (ABPI),
recommended for evaluating treatment outcome in claudicants (Hiatt et al. 1995b), was
determined by a’veraging the values from the dorsalis pedis and posterior tibial arteries
(McDermott ef al. 2000) and dividing this ankle SBP by the brachial SBP. Patients with
an ABPI of 0.9 or less were classified as having PAD (McDermott et al. 2002b). For
each patient, the measurement from the leg with the lower ABPI, denoted their

symptomatic limb.

ABPI was re-assessed immediately following the walking test. The couch was
positioned centrally at the side of the 10 m walk-way, so that the time taken to reach the
couch for measurements was similar for all patients. To reduce variability a single

investigator performed all shuttle-walk tests and ABPI measures.
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2.4.3 Blood lactate

The pain experienced during claudication is caused in part by elevated levels of lactate
resulting from anaerobic metabolism. A small (25 ul) blood sample for lactate analysis
(YSI 1500 Sport, Ohio, U.S.A) was taken from the finger tip immediately and 5-min
after the cessation of walking. A change in end-exercise blood lactate levels could
indicate a potential mechanism by which exercise training increases walking
performance, since in young, healthy subjects training can increase tolerance to these

lactate levels.

2.5  Assessment of functional capacity

2.5.1 Incremental arm- and leg-cranking assessments

Patients were weighed and had their height measured during each assessment visit, and
prior to undertaking exercise. A calibrated electronically-braked cycle ergometer
(Gould, Bilthoven, Holland) was used for the incremental LCT and was modified for
the incremental ACT (Figure 2). Both the LCT and the ACT were performed on
separate occasions, at similar times of the day, in accordance with patients previously
expressed preferences (Horne and Ostberg 1976, Appendix 10). There was typically a
two day interval between the LCT and ACT, in order to eliminate fatigue. The LCT and
ACT were performed in random order throughout the study period to prevent any
learning, bias or order effect, since this could limit the ability of assessing the

intervention (Regensteiner and Hiatt, 1995).

Prior to each assessment, resting blood pressure was measured using a manual
sphygmomanometer. An appropriately sized arm cuff was chosen for each patient, and
each time that blood pressure was measured the cuff was wrapped as carefully and as
snugly as possible. Patients were subsequently connected to a 6-lead ECG (Marquette
CaSE 15, Winconsin, U.S.A.), allowing the continuous monitoring of ECG traces and
HR, which was recorded at rest. A small (25 pl) blood sample was taken from a finger-
tip for blood lactate (YSI 1500 Sport, Ohio, U.S.A) and haematocrit analysis
(Microhematocrit Centrifuge, Hawksley & Sons Ltd, Sussex, England) using
appropriate capillary tubes. Patients were confirmed to be leg or arm pain-free (Borg
CR-10 scale), as appropriate. During each exercise increment, pulmonary gas exchange
variables were measured directly, breath-by-breath, using on-line expired gas analysis

system (CaSE EX670 PulmoLab, Kent, U.K.).
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For the LCT, the seat height was adjusted to allow slight knee flexion at bottom dead
centre, and for the ACT, the mid-point of the sprocket was set at shoulder height. Both
the LCT and ACT were discontinuous in nature, comprising 3-min bouts of constant
exercise at a cranking rate of 50 revs.min™ interpolated with 2-min rest intervals, to
maximum exercise tolerance. During exercise, patients HR and ECG were continuously
monitored to detect any exercise-induced dysrhythmias (Tsai ef al. 2002). The initial
intensity was 9 W for both tests. On the basis of previous pilot work (Walker et al.
2000), power output was increased by 7 W and 14 W per increment in the LCT and

ACT, respectively, due to the differences in muscle mass involved.

In the last 30 seconds of every 3-min bout of exercise, patients were asked to consider
their RPE and degree of pain experienced as a result of the exercise, using the Borg 15-
graded RPE scale and Borg CR-10 scale, respectively. These were on view at all times.
In the last 10-15 seconds of every 3-min bout of exercise HR was recorded, in
accordance with previous procedures (Kang et al. 1999). RPE and degree of pain were
ascertained. SBP and DBP readings were measured (manual sphygmomanometer)
immediately after each exercise increment and a finger tip blood sample for blood
lactate analysis was collected. Following the 2-min rest interval, patients repeated the
cycle of 3-min bouts of exercise followed by 2-min rest intervals until maximum
exercise tolerance was reached. Each patient was verbally encouraged to continue

exercising until maximum exercise tolerance.

If maximum exercise tolerance was reached during an incomplete 3-min bout of
exercise, HR, blood pressure, blood lactate, RPE and pain were determined immediately
upon cessation of exercise. After reaching maximum exercise tolerance, patients rested
on a chair and were monitored at 5-min intervals until complete recovery. Cardio-
respiratory recovery following exercise is more rapid in trained individuals than in
untrained subjects (McArdle ef al. 1991), for this reason as well as the issue of safety,

patients were monitored until complete recovery.

Exercise sessions were terminated if HR considered to be maximal for a patients age
was reached or patients exhibited ST depression (1.0 mm or more correctly identifies a
patient with CAD) (American College of Sports Medicine, 2000), abnormal ECG
readings (as specified prior) or symptoms of exercise-induced angina during exercise.

For safety reasons, these patients were excluded from study participation. In our study,
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no patient suffered any cardiovascular complication. Some patients reported an
exacerbation of existing musculoskeletal problems (i.e. knee stiffness), however in the

majority of cases, patients tolerated the assessment sessions well.

2.5.2 Standardisation of assessment sessions

The same members of the research team performed all of the upper- and lower-limb
peak aerobic power assessments and shuttle-walk assessments. Prior to every
assessment, all patients were informed of the necessity to walk to intolerable
claudication pain (MWD) and to exercise on the arm- and leg-crank ergometers to
maximum exercise tolerance. Breath by breath data were collected using the same
equipment (CaSE EX670 PulmoLab, Kent, U.K.) throughout the study period, and this

was appropriately calibrated prior to every assessment session.

For the upper- and lower-limb peak aerobic power assessments, RPE and CR-10 scales
were on view at all times while the patients were exercising. All assessments were
performed at a similar time of the day, in accordance with patients’ time of day

preferences.
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2.6  Outcome measures during incremental exercise

2.6.1 Maximum achieved power

This was recorded as the maximum power output achieved during the incremental LCT
and ACT. The maximum achieved power (MAP) in an incremental exercise test has
previously been shown to increase after a 6-week training programme (Walker ef al.
2000) and is a useful indicator of individual exercise capacity. The training intensity
prescribed for those patients randomised to the lower- and upper-limb training groups

was based on their individual performance during the assessment sessions.

2.6.2 Pulmonary variables
Pulmonary variables included 7Oz, which provides an indication of aerobic capacity,
carbon dioxide production (¥CO2), respiratory exchange ratio (RER defined as VCO2/

Y02 ), pulmonary ventilation (VE ), ventilatory equivalent for oxygen (VE /702 ), tidal
volume (V1) and breath frequency (Bf). All variables were averaged from the last 30

seconds of breath-by-breath data from each exercise increment.

The RER is used as an indicator of the general progress of an exercise test, with starting

levels of around 0.8 expected, rising to greater than 1 under stress. Increases in maximal
V0. as a consequence of exercise training are indicative of improved cardio-respiratory

fitness (Hiatt ef al. 1994). At low to moderate exercise intensities the rate of tissue 702

is linearly related to work rate. However, at high work rates, further increases in
exercise intensity produce no further increase in 702 and the plateau is defined as the

peak V02 . At this point, high intensity exercise can only be accomplished by

supplemental anaerobic metabolism, resulting in the accumulation of lactic acid.

The ratio between the amount of oxygen consumed by the tissues (702 ) and the volume
of air ventilated (VE ) in a given amount of time indicates breathing economy, and is
referred to as the ventilatory equivalent for oxygen, or VE /VO2. It is typically measured

in litres of air breathed per litre of oxygen consumed per minute. VE /VO: at rest can
range from 23-28 L of air per litre of oxygen consumed, which can increase above 30 L

of air per litre of oxygen consumed as work increases to near maximum.
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2.6.3 Cardiovascular variables

SBP and DBP were measured using a manual sphygmomanometer at rest and at the end
of each 3-min bout of exercise, which were determined for both the LCT and ACT. The
cuff was rapidly inflated to 20 mm Hg above the audible systolic pressure in each arm
and deflated at a rate of 2 mm.s™, and recorded as the pressure at which the first
sustained systolic pressure was audible (McDermott ef al. 2002b). Hypertension was
defined as SBP higher than 140 mm Hg and/ or a DBP higher than 90 mm Hg, on two

or more visits and/or with the use of blood pressure medication.

HR alone, or better still HR blood pressure products (rate pressure product, RPP) are
satisfactory predictors of coronary blood flow and myocardial oxygen consumption in
normal, young subjects over a wide range of upright exercise (Kitamura et al. 1972).
HR was continuously monitored using a 6-Lead ECG (Marquette CaSE 15, Winconsin,
U.S.A.). The RPP, an index of myocardial workload (Kitamura et al. 1972; Nelson et
al. 1974), was calculated for each work increment as the product of peak SBP and HR.
From a diagnostic perspective, information on peak HR and RPP is also useful in
assessing the likelihood that a test can detect coexisting cardiac disease (Askew et al.

2002).

2.6.4 Blood lactate

Examination of the blood lactate profile during incremental exercise has previously
been a useful tool for studying the relationship between aerobic and anaerobic
metabolism. Assessment of the blood lactate profile in response to incremental exercise
following upper- and lower-limb training can provide an insight as to whether training

induced adaptations are primarily occurring at the local or the central level.

2.6.5 Perceived exertion and pain

Patients rating of perceived exertion (RPE) and perceived pain were obtained using the
Borg 15-graded RPE scale and the Borg CR-10 scale, respectively (Borg, 1998). The
15-graded RPE scale (Appendix 6), is a universally accepted perceptual scale (Noble
and Robertson, 1996), commonly used in exercise testing, training and rehabilitation
(Borg, 1998), in both research and clinical settings for its ease of use (Noble and
Robertson, 1996). The Borg CR-10 scale (Appendix 7) is similar to the RPE scale.
Although it has a wider applicability and can be used for most perceptual intensities, it

is most commonly used to estimate pain (Borg, 1998).
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2.6.6 Other variables of interest

2.6.6.1 Haematocrit

The haematocrit is the ratio of the formed elements in the blood (red and white cells,
and platelets) to the total blood volume. The percentage of the total blood volume
composed of cells or formed elements is referred to as haematocrit. Normally
haematocrit constitutes about 40-50% of total blood volume. Training reduces the
haematocrit (total blood volume and plasma volume increase, although slight increases
in erythrocyte numbers are noted). The change in the ratio of plasma to cells, resulting
from an increase in the fluid portion reduces blood viscosity. Reduced viscosity may
facilitate blood movement through the blood vessels, particularly through the smallest
vessels, such as the capillaries, and a lowering of blood viscosity enhances oxygen

delivery to the active muscle mass (Wilmore and Costill, 1994).

2.6.6.2 Venepuncture

Venepuncture was performed at each assessment time point. With the patient semi-
recumbent, the venepuncture procedure was explained, thus allaying any fears or
anxieties. Subsequently, a tourniquet was applied to the upper arm at a pressure high
enough to impede venous distension, without restricting arterial flow (Mallet &
Dougherty 2000). A sterile alcohol swab (Isopropyl Alcohol 70% v/v, Seton Healthcare
Group plc, Oldham, U.K.) was used to clean the puncture site and the area was allowed
to dry. Blood sampling was facilitated by the insertion of either a 0.7 (x 38 mm) or 0.8
(x 38 mm) Precision Glide needle (Becton Dickinson, Plymouth, U.K.) at an angle of
approximately 30 degrees into the basilica vein at the elbow. Once the needle was in the
correct position, blood was collected (one of serum (9.5 ml SST) and two of plasma (4.5
ml K3E 15% 0.054 ml)). Blood was allowed to clot for 30 min, after which samples
were centrifuged (Labofuge 400 R, Kendro Laboratory products, Germany) for 10 min
at 1000-1300 g at 25°C and aliquots stored at -80°C until analysis.

2.6.6.3 Body Mass Index (BMI)

The Body Mass Index (BMI) is a measure of the relationship of weight relative to
height, defined in kg.m? (Kligman et al. 1999) and is regarded as a reliable indicator of
total body fat and is related to the risk of premature death, cardiovascular disease, high
blood pressure, osteoarthritis, diabetes and some cancers. Although generally useful,

this index is of questionable value in older subjects, especially those who have
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decreased bone mineralization (Kligman ef al. 1999). BMI was determined at all

assessments (Table 7).

2.6.6.4 BMI score interpretation

Table 7. BMI score interpretation.

BMI Weight Status
Below 18.5 Underweight
18.5-24.9 Normal
25.0-299 Overweight
30.0 and above Obese

2.7  Calibration of equipment

2.7.1 Expired gas analysis (Mass Spectrometer)

Pulmonary gas exchange variables were directly measured, breath-by-breath, using an
on-line expired gas analysis, mass spectrometer system (CaSE EX670 PulmoLab, Kent,
U.K.). Prior to each test the system was calibrated by inputting the patient’s weight and
height details, barometric pressure (Holtain, Crymych, U.K.), temperature and humidity
(Oregon Scientific, U.S.). The turbine was calibrated based on a fixed volume, using a
large (3L) syringe. The acceptable range was 2.97 to 3.03 L, thereby allowing an error
of 0.1%. Calibration was achieved using known gases; nitrogen, oxygen, carbon dioxide

and argon.

By the nature of the mass spectrometer, the measured gas concentrations are all fast-
response and synchronous, however the output on screen occurs some hundreds of
milliseconds after the event. The turbine produces a single signal for volume, which
occurs within 10 ms of the event. A realignment of these two signals is achieved with a
‘delay’ value. This ‘delays’ the volume by the intrinsic delay value of the gases. A
breath is defined as a period containing an inspirate phase, followed by an expirate
phase. The expirate is compared to the inspirate to determine gas exchange. During
expirate the volume is measured and the expirate will contain rising CO, and falling O,

concentrations.
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2.7.2 Calibration of YSI sport

The YSI Sport (YSI 1500 Sport, Ohio, U.S.A) is a portable, battery powered blood
lactate analyser. It is designed to provide a quick measurement of lactate in whole
blood. The buffer reagent, reference and waste bottles hold the solutions needed for

sample analysis.

The reagent solutions for the Sport were prepared manually (YSI Model 1504 Starter
Kit). The buffer solution was prepared by filling a 500mL mixing bottle with reagent
water. High quality deionised water was used, since the reagent water must be very
pure. One package of buffer concentrate (YSI 2357) was added to the water and stirred,
ensuring that the buffer chemicals had completely dissolved. Prior to every assessment
the YSI SPORT was calibrated with a 5 mM standard (YSI 2327), using a capillary tube
injector (YSI 1502 (25 ul)). The face of the probe, covered by a membrane, is situated
in a buffer-filled sample chamber into which the sample was injected. The probe is
fitted with a three-layer membrane containing immobilised lactate oxidase in the middle

layer. The Sport automatically senses the injection device.

For initial calibration the 25 pl of calibration standard was dispensed into the chamber,
which already contains approximately 500 pl of buffer. Some of the substrate diffuses
through the membrane. The sensor response increases, until it reaches a plateau, this
taking approximately 30 seconds. When it contacts the immobilised enzyme (lactate
oxidase), it is rapidly oxidised producing hydrogen peroxide (H;0O,). The H,0; is in turn
oxidised at the platinum anode, producing electrons. A dynamic equilibrium is achieved
when the rate of H,O, production and the rate at which H,0O, leaves the immobilised
enzyme layer become constant. Equilibrium is indicated by a steady state response. The
electron flow is linearly proportional to the steady state H,O, concentration and

therefore to the concentration of lactate.

The reference pump then flushes the chamber for approximately 33 seconds and the
sensor response changes to a different value. At this point the instrument calculates the
relationship of the known standard to the reference solution and stores this information
until another calibration injection is performed. The buffer pump then flushes the
chamber for approximately 33 seconds and the sensor response decreases to the normal
baseline value. Once the analysis is complete, the result is displayed on screen. Each

sample is stored in memory, identified by date and time.
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The calibration procedure is necessary to compare the relative concentration of the
standard with the relative concentration of the unknown sample. During each
subsequent sample cycle, the reference solution is again measured and then internally
compared to the reference solution concentration measured during the initial calibration.
If a variation exists, the calculation of the sample concentration will be compensated

accordingly.

2.7.3 Calibration of cycle ergometers and arm-crankers

Both the arm ergometer (Monark 881E, Varberg, Sweden) and standard stationary cycle
ergometer (Monark 824E, Varberg, Sweden) used in the exercise training sessions were
calibrated at the Monark (Varberg, Sweden) works. Calibration of both pieces of
equipment was routinely verified as per the manufacturer’s instructions. The
electronically-braked cycle ergometer (Gould, Bilthoven, Holland) utilised during both
the upper- and lower-limb assessment sessions was calibrated using an external
calibrator (Lode Portable Calibratior 2000, Lode BV, Groningen, Netherlands). An
actual value was compared against a display value, from which a calibration curve was

drawn.

2.8 Questionnaires

In agreement with previous studies, the potential for bias in the self-evaluation of
walking ability and functional status was minimised by administering the questionnaires
before the walking test (Regensteiner ef al. 1996). Thus questionnaire responses were
not influenced by a patient’s shuttle-walk performance. In addition, the interviewer and
patient were blinded to previous questionnaire scores. Functional status was assessed by
questionnaires characterising walking ability (WIQ), habitual physical activity levels
(PAD-PAR), and physical, social, and role functioning, well-being, and overall health
(SF-36) (Regensteiner et al. 1996).

2.8.1 Quality of Life. Medical Outcomes Study SF-36 v2 and the EuroQol EQ-5D
Quality of life assessments were made using the SF-36 v2 (Appendix 13) and the
EuroQol EQ-5D (Appendix 14) questionnaires. Both questionnaires were administered
to all patients at the start of the study, at 6-weeks into, and at the end of the intervention
period, in order to assess both the short- and longer-term benefits of exercise training on
quality of life, respectively. The questionnaires were also administered at all four time

points of the follow-up period, namely 6-, 12-, 24- and 48-weeks to assess changes in
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perception of quality of life following the period of supervised exercise training. The
questionnaires were administered to the control patients at identical time points.

Questionnaire completeness was checked in the presence of the patient.

The SF-36 v2 questionnaire evaluates physical function and general health perceptions
as well as limitations due to mental, social function and vitality (Regensteiner et al.
1997a; Regensteiner, 1997). The questionnaire encompasses eight quality of life
domains, four specifically relating to physical health namely;- general health, physical
functioning, role limitation physical, bodily pain, and four relating to mental status,
namely, mental health, energy and vitality, role limitation emotional and social
functioning. With the SF-36 v2 each of the domains was scored separately on a scale of
0 to 100% (Regensteiner ef al. 1996). A typical range of responses for many diseases,
although not PAD has been established for this questionnaire (Stewart et al. 1989).The
SF-36 v2 is a self-administered questionnaire which is easy to score (Regensteiner and

Hiatt, 1995).

The EuroQol EQ-5D questionnaire is a non-disease specific instrument, developed
within the framework of a joint European project. The visual analogue scale is similar to
that of a thermometer (Health Policy, 1990). It measures health and health-related
quality of life in patients, and is designed for self-completion. It comprises five
dimensions of health: mobility, self-care, degree of difficulty in performing usual
activities, pain and discomfort, and anxiety and depression. The EuroQol instrument is
specifically designed to complement other quality of life measures (Health Policy,
1990), such as the SF-36 v2. It has been utilised in previous studies comparing symptom

severity and health values (De Vries ef al. 1998).

2.8.2 Walking Impairment Questionnaire (WIQ)

The Walking Impairment Questionnaire (WIQ; Appendix 15) was investigator
administered at every assessment session, prior to the assessment of walking ability
(incremental shuttle-walk test). It is simple to administer (Hiatt, 1999) and is valid for
characterising walking ability and detecting changes in walking impairment due to

interventions in patients with intermittent claudication (Regensteiner ef al. 1990).

The WIQ is a disease-specific questionnaire that asks a series of questions regarding

patients self-reported claudication severity and ability to walk defined distances and
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speeds, and stair climbing ability (Hiatt et al. 1995a). Patients rank their ability to walk
specific distances on a 0-4 Likert scale. The WIQ distance score is calculated by
multiplying the Likert scale score with the corresponding distance, summing these
products, and then dividing by the maximum score possible to get a percentage score
(Regensteiner et al. 1996). Thereby, allowing outcome to be expressed as a percentage
of full function (Menard ef al. 2004). The distance summary score ranged from 0%
(patient unable to walk 50 feet without claudication pain) to 100% (patient able to walk
1,500 feet without claudication pain) (Regensteiner ef al. 1996).

Walking speed is assessed by asking patients to rank their degree of difficulty in
walking a block (300 feet) slowly, at average speed, quickly, and running or jogging on
a 0-4 Likert scale (4=best). Patients’ responses on the Likert scale are multiplied by the
approximate miles per hour represented by each walking speed. The resultant score is
then divided by the maximum possible score to achieve a percentage score. The
summary score for walking speed ranged from 0% (patient unable to walk 300 feet
slowly without claudication pain) to 100% (patient able to jog 300 feet without
difficulty) (Regensteiner ef al. 1996).

Similarly, stair climbing ability and claudication severity are calculated for each patient.
The stair climbing score was rated so that 0% indicated a patient could not climb one
flight of stairs without claudication, while 100% indicated no difficulty in climbing
three flights of stairs (Regensteiner ef al. 1996). The claudication severity score was
scaled so that 0% indicated that the patient had much claudication pain when walking,
while 100% indicated no claudication with walking difficulty (Regensteiner ef al.

1996). The feasibility is good for this questionnaire, which can be administered and

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

2.8.3 Self perceived walking ability

At the end of the intervention period patients were asked regarding their self perceived
walking ability (Appendix 16). Patients were asked whether they felt that their walking
ability had improved, remained unchanged or deteriorated over the 24-week
intervention period. Patients were asked to give one response only, by circling the
appropriate response. Data were presented as the percentage of patients in each of the

study groups giving each response.
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2.8.4 Confidence in walking

At the beginning and end of the intervention period, and at each follow-up time point,
patients were asked regarding their general confidence in walking (Appendix 17).
Patients were asked to circle the number on the scale (0-10 scale, 0 denoting no
confidence and 10 denoting total confidence in walking). The median (range) value for

each study group was calculated.

2.8.5 Physical activity recall

The PAD-Physical Activity Recall (PAD-PAR) questionnaire (Appendix 18) is specific
for PAD patients, and provides a global measure of habitual physical activity levels by
estimating the total energy expenditure of the patient at work, in the home, and during
leisure/recreational time (Sallis ef al. 1985; Hiatt et al. 1995a). The amount of energy
expenditure for each activity is expressed as metabolic equivalent hours per week
(METs). One MET equals 3.5 mL/kg per minute of oxygen consumption (Hiatt et al.
1995a). The PAD-PAR has been modified from the original version (Sallis ef al. 1985)
to be more appropriate for patients with claudication who can perform only low levels

of physical activity (Hiatt et al. 1995a).

The PAD-PAR was administered every week throughout the intervention period to all
patients regardless of group. For each category (work, household and leisure or
recreational activities) the patient was asked to estimate the number of hours per week
spent within the category during the preceding week. A card with a range of physical
activities (Appendix 19) was used as a prompt for the patients, who were asked about
specific activities within each intensity of exercise (heavy to very light). For each
activity (heavy to very light), the number of hours spent in that activity was calculated
(days per week times hours per week). Activities are classed according to the following
scale: very light (0.9 to 2.0 METs), light (2.1 to 3.0 METs), moderate (3.1 to 5.0
METs), and heavy (5.1 to 7.0 METs). For each category the hours per week were

summed to determine the total hours per week.

Data are reported in MET hours per week (hours per week times the MET value of the
activity) (Hiatt ef al. 1995a). The PAD-PAR must be administered by an interviewer,
but it was usually administered and scored in less than 12 min in accordance with

previous studies (Regensteiner and Hiatt, 1995). It was also administered at all four time
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points of the follow-up period to assess patients’ physical activity levels, following the

end of structured, supervised exercise training.

2.8.6 Self perception of physical activity status

At the beginning and end of the intervention period and at each of the follow-up
assessment time-points, patients were asked to rate their physical activity status using
the physical activity ladder (0-10 scale; Appendix 20) (Biener and Abrams, 1991). The

median (range) value for each study group was calculated.

2.8.7 Incentive to perform physical activity

At the end of the 24-week intervention period patients were asked whether they felt that
the study had provided them with an incentive to perform physical activity (Appendix
21). Patients were asked to circle the appropriate response, that being, incentive to
perform physical activity or no incentive to perform physical activity. For each response

the percentage of patients in each group was calculated.

2.9  Supervised Exercise Sessions

2.9.1 Structure of training sessions

Patients randomised to the lower-limb exercise training or upper-limb exercise training
groups undertook a 24-week period of twice weekly supervised exercise sessions,
organised into blocks of five weeks of training and exercise assessments in every sixth
week. Patients thus performed 20-weeks worth of training, interpolated with 5-weeks of

assessment sessions, during the intervention period.

Training was undertaken on a group basis (maximum of 8 patients), with the sessions
equally balanced during the week. Classes were consistently organised on Mondays and
Thursdays. This provided a structure and allowed patients to rest between sessions,
thereby allowing recovery and the possible influence of fatigue to be minimised.
Training sessions were organised in both the mornings and afternoons on both days,
namely at 10am, 11am and 2.30pm, taking into account and excluding the lunch-time
dip, which could possibly affect exercise performance. Patients attended the session in

which they felt at their optimum time of day to perform exercise, as described earlier.

Those patients randomised to the upper-limb exercise training group performed exercise

on a standard friction braked arm ergometer (Monark 881E, Varberg, Sweden) and
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those to the lower-limb exercise training group on a standard stationary cycle ergometer
(Monark 824E, Varberg, Sweden; Figure 3). A 2-min warm-up period preceded the
exercise training session, designed to slowly increase HR. Patients were instructed to
maintain the speed of 50 + 2 revs.min’, at all times. During each session, training was
undertaken at the required intensity in cycles of 2-min of exercise, followed by 2-min
rest intervals, for a total exercise time of 20-min in a 40-min session (Walker et al.

2000). These parameters were strictly adhered to.

This strategy enables a greater volume of higher intensity work to be performed in a
given amount of time than can be achieved using continuous exercise of a similar
nature, and therefore optimises the stimulus for cardiovascular adaptations (Astrand and
Rodhal, 1986). All patients wore a short-range radio-telemetry monitor (Polar Sport
Tester, Kempele, Finland), for continual HR monitoring. The RPE and CR-10 scales
were on view at all times. HR, RPE and CR-10 were recorded for the first and last 2-
min exercise bouts. A 2-min cool-down period followed the last 2-min bout of exercise,

in order to return the HR to baseline and thus minimise risk of injury.
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2.9.2 Exercise intensity during training sessions

Supervised exercise training was undertaken at equivalent limb-specific relative
exercise intensities. For each patient, training intensity was individualised using the
penultimate power output achieved in the respective LCT and ACT assessment. Use of

penultimate power output enabled training intensity to be balanced at 85-90% of the

limb-specific peak V02 between the upper- and lower-limb exercise training groups,
thus ensuring a similar cardiovascular stimulus. In addition to power output, training
intensity was also balanced on the basis of HR, RPE and pain data from the penultimate
power output achieved during the respective assessment session. This ensured that the
correct training intensities were used in the supervised exercise sessions, with most
patients exercising between the Borg RPE scale ratings of 13 (“somewhat hard”) to 16
(“hard to very hard). In certain patients, the training intensity was increased to the
maximal work rate achieved during the assessment session after 3-weeks of training in
order to ensure that a sufficient training stimulus was maintained as fitness levels
improved (Walker et al. 2000). For all patients, exercise training intensity was adjusted

following each 6-week incremental assessment, as appropriate.

2.9.3 Precautions during the training sessions

Patients with PAD often have co-morbid medical problems that may interfere with their
ability to safely participate in exercise rehabilitation programs (Katzel et al. 2000). To
promote safety, all patients during the training sessions were monitored using telemetry
devices regardless of whether they had clinical evidence of co-morbid coronary disease.
During the exercise sessions, HR and cardiac rhythm were continuously evaluated.
Blood pressure was measured before and after the training sessions in those patients
with a history of coronary problems. Some patients from the lower-limb training group
in the initial stages of the exercise programme reported an exacerbation of existing
musculoskeletal problems (i.e. knee stiffness). These were in the main relieved
following the 2 day rest interval between training sessions. A similar long-term
programme has also previously recommended that training sessions be separated by 48
hr (McGuigan et al. 2001). In the majority of patients the exercise training sessions

were well tolerated.

2.9.4 Monitoring of attendance
Attendance at the twice weekly training sessions was monitored. Any patient providing

prior notice of their inability to attend their specified exercise session were allocated an
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equivalent time of day session on another day, usually conducted on an individual basis,
to maintain twice-weekly adherence and compliance. Patients who were absent from
their specified session without prior notice (usually due to ill health or an unexpected
commitment) were contacted by telephone, and a suitable arrangement was made, in

order to maintain twice-weekly compliance.

2.9.5 Monitoring of control patients

Patients randomised to the control group were provided with an in-depth lifestyle advice
consultation session. In accordance with current U.K. medical practice, all patients were
advised to "stop smoking and keep walking “(Housley, 1988). This message was

reinforced by telephone every week during the intervention period.

Patients were informed that their level of physical activity in accordance with the PAD-
PAR questionnaire (Appendix 18) would be monitored on a weekly basis, stressing the
importance that patients should be as honest as possible. Patients were thus contacted
weekly by telephone, during which their level of physical activity was assessed via
completion of a PAD-PAR questionnaire. Emotional support identical to that received
by the patients randomised to the supervised exercise programme was provided when
appropriate. Control patients undertook all re-assessments at identical time points as the

training cohorts.

2.9.6 Medication

During the intervention period, patients on long-term medication continued with their
treatment. These were stable and no major changes were introduced into the medication
profile. Slight adjustments to drug dosages in some patients were made. Patients
prescribed GTN did not need to use the medication during the assessment sessions,
since it has been shown that walking distance can improve following GTN

administration in patients with intermittent claudication (Heer et al. 2001).

2.10 Statistical analysis

Trials of healthcare interventions fall into two categories: explanatory and pragmatic.
Explanatory trials usually measure treatment efficacy on the basis of intermediate
outcomes, as a means to elucidating the time-course and biological bases of a positive
response. It is felt that this study was an explanatory trial, investigating the efficacy of

upper-limb exercise in relation to that of comparable lower-limb exercise, with the aim
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of attempting to identify possible underlying mechanisms. The efficacy of upper-limb
exercise training for patients with PAD is still in the early stages of being examined,
and following our earlier preliminary study (Walker et al. 2000), a larger-scale RCT
was needed to prove that upper-limb exercise training can evoke positive health
outcomes and to further understand the mechanisms of action. Such a robustly designed

trial has never been performed previously.

Given these considerations, it was felt more appropriate to restrict analysis to those
patients who completed the course of treatment at the intended intensity for the intended
time interval. Missing data points were not therefore considered on an intention to treat
basis. The rationale to this approach is that this was a scientific study aimed at
evaluating the influence of upper- and lower-limb aerobic exercise training on the
clinical status of these patients. This was not a pragmatic trial, designed to evaluate the
effectiveness of a physical activity intervention programme. During the intervention and
follow-up period, data analysis was performed on 94 and 76 patients, respectively (32,
30 and 32; and 25, 25 and 26 patients from the lower- and upper-limb exercise training
and control groups, respectively). Haematocrit and walking confidence data analysis
were performed on fewer patients (n=65), since the decision to include these variables
was made once the study had commenced, and this accounts for the difference in patient

numbers.

Descriptive statistics were obtained for all baseline variables during the intervention and
follow-up period. Dependent variables were first tested for normal distribution using the
Shapiro-Wilkes and Kolmogorov-Smirnov goodness of fit tests. Histograms of all data
parameters, at all time-points were obtained to confirm normality of distribution.
Levens test of equality of variance checks were also carried out on all data. Where
applicable, data transformations (for example log transformations) were performed to
obliterate skewness. In instances where skewed interval or ratio level data could not be
normalised using logarithmic or other transformation techniques, non-parametric tests
were used. With the exceptions of peak power output, CD, RPE, CR-10, ABPI, patients
self-reported walking ability, walking confidence, physical activity status, WIQ and
EQ-5D questionnaire responses, all other variables were normally distributed. Peak
power output and CD were normalised using logarithmic transformation before
analysis. Parametric results are expressed as means = SEM unless otherwise stated and

non-parametric results are expressed as the median value, with ranges.
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A mixed design factorial ANOVA was used to test for changes in normally distributed
variables over time within groups and for differences between groups at the same time-
points. If sphericity could not be assumed the Greenhouse Geisser and Huyndt-Feldt
assumptions were observed to check for time and time x group interactions. The
ANOVA is a robust procedure, which can withstand minor violations. Where
significance was indicated, the mixed factorial ANOVA analysis was followed up with
one way ANOVA’s within and between groups and post hoc comparisons to determine
where group and time-point differences occurred. Data, which could not be normalised
using data transformation techniques were analysed using the Kruskall Wallace test,
with group differences at each time-point being identified using the Mann-Whitney U
test and changes over time within groups analysed using the Friedman and Wilcoxon

signed ranks test.

The magnitude of the changes in walking performance (CD and MWD) between
baseline and the 24-week intervention and the 48-week follow-up period were
calculated using the mean percentage difference score. The percentage difference from
baseline for each patient was obtained. The group mean of the individual percentage
difference scores were calculated for each of the three study groups. Between group

analysis was compared using one-way ANOVA.

The relationship between walking performance (MWD) as assessed using the
incremental shuttle-walk test, and patients’ perceived walking ability as identified using
the WIQ, was assessed using Pearson’s correlation coefficient. All statistical analyses
were performed using SPSS for Windows (SPSS U.K. Ltd, Woking, U.K.), with

significance indicated at the 0.05 level.
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Chapter 3 — Intervention Study Results

3.1 Demographics, patient attendance and compliance

3.1.1 Demographics

A total of 104 patients (81 males, 23 females) were recruited for this study. The median
age was 69 years (range 50 - 85 years) and their mean BMI was 27.6. Thirty seven, 34
and 33 patients were randomised to the lower- and upper-limb training and control
groups, respectively. Demographic data (age, sex, resting ABPI, weight, height, current
angina, previous MI and stroke, sleep duration, diabetic and smoking status) are shown
in Table 8. The majority of patients (89%) claimed to eat a well-balanced diet, including
fruit and vegetables, and to adhere to previous advice regarding the reduction of fat in
their diet. Seventy-seven percent of patients reported a disturbed sleep pattern,

awakening several times during the night, requiring the toilet.
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Table 8. Demographics of the entire patient group and those of the three study groups.

Lower- Upper-
All Control
limb limb Sig
Patients Group
Variable Training  Training
N=104 N=33
N=37 N=34

Median age, years 69 69 66 72 NS&?
(range) (50t085) (50t085) (54to84) (56to 84)
Sex

Male, % 78 % 81 % 79 % 73 % NS

Female, % 22 % 19 % 21 % 27 %
Duration of claudication, 55 59 50 55 NS?
months
Resting ABPI 0.66 +£0.02 0.64+0.03 0.65+0.03 0.69+0.03 A
Weight, kg 784+14 763+22 80.8+1.9 783+32 WA
Height, m 1.68+0.01 1.69+0.01 1.68+0.01 1.67+0.01 NS§*
Previous ML, % 8% 3% 9% 12 % Ay
Previous stroke, % 17 % 19 % 18 % 15 % NS’
Current angina, % 18 % 14 % 18 % 24 % NS’
Diabetes mellitus, % 17 % 8 % 18 % 27%  P<005°
Duration of sleep, hr 7.3 7.3 7.1 7.4 WAS
Smoking status

Current, % 32 % 38 % 24 % 33% NS?

Previous, % 62 % 54 % 73 % 61 %

Never smoked, % 6 % 8 % 3% 6%

ABPI data are presented for the most symptomatic limb. Patients with diabetes mellitus were
taking oral hypoglycaemics or insulin. Unless otherwise stated, values are means + S.E.M. NS
indicates no significance between the three study groups: "ANOVA, °Chi Square test.

3.1.2 Medication history

Some patients in this study were taking prescribed cardiac medication, including -

blockers, ACE-inhibitors, Ca®* channel blockers, nitrates, diuretics, statins and aspirin
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(Table 9). Patients were advised to continue on their drug regimen throughout the study

period. Any changes to medication, including drug dosage, were recorded.

Table 9. Medication details of the entire patient group and of the three study groups.

All Lower-limb Upper-limb Control
Patients Training Training Group
N=104 N=37 N=34 N=33
B-Blockers, % 26 19 24 36
ACE Inhibitors, % 15 14 18 15
Ca** Blockers, % 30 22 35 33
Nitrates, % 10 11 6 12
Diuretics, % 32 35 29 30
Digoxin, % 6 8 3 6
Warfarin, % 5 8 3 3
Statins, % 68 73 68 61
RN

Aspirin, % 83 81 82 85

Data are represented as the percentage of patients in each group on the specific cardiac
medication.

3.1.3 Patients time of day preferences to undertake exercise

The majority of patients in this study (N=62, 60%) did not have a preference for the
time of day in which to perform exercise, and indeed according to Horne & Ostberg’s
lark/owl questionnaire the majority of patients were classed as neither morning nor
evening types of individuals (Figure 4). Seven (7%), 34 (32%) and one (1%) patient
were classed as definite morning, moderate morning and moderate evening types of
individual. All patients undertook all training and assessment sessions according to their

individual classification and personal time of day preference.
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Moderate evening (n=1, 1%) Definite morning (n=7, 7%)

Neither morning or evening (n=62, 60%) Moderate morning (n=34, 32%)

Figure 4. Patients time of day preferences to undertake exercise. Proportion of patients classed
as definite morning, moderate morning, moderate evening, or neither morning or evening types
of individuals.

3.1.4 Patient attendance and compliance
Of the 104 patients recruited, 94 patients completed the 24-week intervention period,
with five, four and one patient withdrawing from the leg, arm and control groups,

respectively. Patient drop-out rate during the intervention period was 9.6%.

Three patients withdrew between their initial assessment and their first 6-week re-
assessment. One was diagnosed with bowel cancer, another became a full-time carer for
his wife who had sustained a stroke; both patients were from the leg-training group. A

third, from the control group found the assessments too stressful.

Five patients withdrew between the 6" and 12" week of the intervention period. One
was diagnosed with gout, one sustained a heart attack following a fishing expedition,
another fell ill with pneumonia which resulted in death, and one withdrew without
providing an explanation. All were in the arm-training group. One patient from the leg-
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training group was known to suffer with manic depression and found the training

sessions too stressful.

Two patients, both from the leg-training group, withdrew in between the 12" and 18"
week of the intervention period due to medical reasons. One developed ulcers on his

leg, another broke his foot. Both were unable to continue with the training sessions.

Of the 94 patients who completed the 24-week intervention study, compliance to the
arm-cranking, leg-cranking, and walking assessments at the five time-points (94 x 5 x 3
= 1,410 assessments in total) was 99.9%. Two of these 94 patients each failed to attend
one assessment session (assessment 5). One because his daughter was killed in a hit and
run accident, and another was diagnosed with bowel cancer prior to his last assessment.
Compliance to the twice-weekly training sessions run over the 24-week intervention

period was 99%.

3.2 Intervention study walking performance

3.2.1 Claudication distance

Claudication distance increased over time (P < 0.01) in both training groups, but was
unchanged from baseline in the control group over the 24-weeks of the study period
(Table 10). The magnitude of improvement in CD, in both training groups, over the
intervention period was comparable. There was no difference between groups in the
pre-intervention CD. Data were not normally distributed and are presented as median,

with range in parentheses.
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Table 10. CD at each assessment stage of the intervention period.

Intervention Lower-limb Upper-limb Control
Period Training Training Group
(weeks)
Baselin 73 101 94
_ aseline (20 - 568) (25 - 430) (28 - 408)
E
8 6 113% 120 101
g (23 -394) (38 - 480) (24 - 480)
7]
() 12 113%* 115%* 99
g (20 - 692) (39 - 430) (30 - 463)
=
.g 18 134%* 142%* 103
"g (26 - 465) (29 - 438) (22-397)
<
© 2 143%% 152 113
(34 -579) (42 - 508) (25 -333)

Data are presented as median value (with ranges). Statistical significance: * P < 0.05; ** P <
0.01 indicate significantly higher than baseline.

Following the 24-week intervention period, CD improved in the lower- and upper-limb

training groups by 65% and 56 %, respectively, compared with the control group of

patients (P < 0.01; Figure 5). There were no differences between the two training

groups.
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% Difference
3

30
20 -
10 -
0 —
Lower-limb Upper-limb Control
training training group

Figure 5. Changes in claudication distance upon completing the intervention period. Data are
presented as means in relation to baseline measures, with error bars representing SEM. } P <
0.01 indicates significance between the lower- or upper-limb training groups and the control
group of patients.

In the upper-limb training group a sharp improvement in CD was observed up to the
12" week of training (i.e. assessment 3), the rate of improvement thereafter being
progressively slower, possibly indicating a plateau effect. In the lower-limb training

group, CD continued to progressively improve at each assessment stage (Table 11).
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Table 11. Mean percentage change in CD from baseline at each assessment stage of the

intervention period.
Intervention Lower-limb Upper-limb Control
Period training training group
(weeks)
6 +28 T +24 +3
=)
U %]
g =
§ § 12 +37 | +41 § -2
S &
& E
& o 18 +54 } +47 | +3
/ &
X
24 +65 I +56 I +5

Data are presented as the mean % difference from baseline. ¥ P < 0.05; } P < 0.01 indicates
significance between the leg or arm-training group and the control group of patients.

Heart rate, blood lactate, perceived exertion and perceived pain responses were assessed

during the incremental walking test to assess the consistency of effort and level of pain

experienced between walking assessments at the different time-points.

3.2.1.2 Heart rate at claudication distance

Despite increases in CD in both training groups, the heart rate at CD was unchanged in

all groups throughout the intervention period. The only significant difference between

groups was observed between the arm-training and control group following 12-weeks of

the intervention period (Figure 6).
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Figure 6. Changes in heart rate at claudication distance. Data are presented as mean + SEM at
each assessment stage of the intervention period. ¥ P < 0.05 indicates significance between the
arm-training and control group of patients.

3.2.1.3 Perceived pain at claudication distance

The degree of pain experienced at CD in the main was “very weak” (i.e. 1 on the Borg
CR-10 scale) and was consistent between groups throughout the intervention period.
Interestingly, despite being able to walk further prior to the onset of pain, patients in the
lower-limb training group also reported the pain to be less intense at CD following the
24-week intervention period. These patients perceived their pain to be “extremely
weak” (i.e. 0.5 on the Borg CR-10 scale) compared to “very weak” at baseline (P <
0.01). This difference in pain perception was significant compared with both the arm-

training and control group of patients (P < 0.05; Table 12).
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Table 12. Perceived pain (Borg CR-10 scale) at CD at each stage of the intervention

period.
Intervention Lower-limb Upper-limb Control
Period training training group
(weeks)
Baseline 1.0 1.0 1.8
(0.3-3.0) (0.3-3.0) (0.5-3.0)
=
© . 1.0 1.0 1.0
g = (0.3-2.5) (0.3-3.0) (0.3-3.0)
& 3
T @ 12 0.5 1.0 1.0
2 2 (0.3-5.0) (0.3-3.0) 0.3-17.0)
-
y O
A 18 1.0 1.0 1.0
é (0.3-3.0) (0.3-3.0) (0.3-7.0)
24 0.5%*+ 1.0 1.0
(0.3-2.0) (0.3-3.0) (0.3-5.0)

Data are presented as median (range). ** P < 0.01 indicates significance from baseline. T P <
0.05 indicates significance between the leg-training group, compared with both the arm-training
and control group of patients.

3.2.2 Maximum walking distance

The pattern of improvement in MWD (Figure 7) was similar to that observed for CD.
Maximum walking distance increased by 35% and 30% in the lower- and upper-limb
training groups respectively, compared with baseline measures (P < 0.01; Table 13).
The differences in improvement between the two training groups were not significant. A

trend indicating deterioration in MWD was observed in the control group of patients.
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Table 13. Mean percentage change in maximum walking distance (MWD) from

baseline at each assessment stage of the intervention period.

Intervention Lower-limb Upper-limb Control
Period training training group
(weeks)
6 +16 +15 -2
A I I
=
s 2 |
£ 5 12 +23 1 +22 % -4
S |
s /M
5 E 18 +28 1 +271 -5
= &
=
X
24 +35% +30 % -3

Data are presented as mean % difference from baseline. } P < 0.01 indicates significance
between the leg or arm-training group and the control group of patients.
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3.2.2.1 Peak heart rate at MWD

Improvements in MWD in both exercise training groups were accompanied by
progressive increases in peak HR at MWD compared to baseline (106 + 3 versus 120 +
4 and 110 % 4 versus 116 + 4 beats.min™, following lower- and upper-limb exercise
training, respectively; P < 0.05). HR at MWD in both training groups was higher than
that observed for the control group at the 24-week time-point (P < 0.01; Figure 8),
indicating that both exercise groups attained a higher level of cardiovascular stress at
MWD following the intervention period. The differences in HR between the two

training groups were not significant.

130 1 —O—Leg .
o Am * :
--/\-" Control o i

120

T

-1

beats.min

fum—
—y
O
1
I
*
-

007 4T ﬁ}‘

90 T T T T 1

Weeks of Training

Figure 8. Changes in heart rate at MWD during the intervention period. Data are presented as
mean + SEM at each assessment stage, during the intervention period. * P < 0.05; ** P < 0.01
indicates significance compared to baseline. T P < 0.05; § P < 0.01 indicates significance
between the leg- or arm-training group and the control group of patients.

3.2.2.2 Peak blood lactate at MWD

At the 12-, 18- and 24-week time-points, the concentration of blood lactate at MWD
was higher in both exercise training groups compared to that observed in the control
group of patients (P at least < 0.05). Following 6-, 12-, 18- and 24-weeks of the

intervention period blood lactate concentration at MWD was increased from baseline in
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the upper-limb exercise training group only (1.95 + 0.14 vs. 2.40 + 0.17 mM, pre- and
post-intervention; P < 0.05; Figure 9). No changes in these parameters were observed in

the control group of patients.

3.2.2.3 Peak blood lactate 5 min post MWD

Similarly, at the 6-, 12-, 18- and 24-week time-points, the concentration of lactate in
blood taken 5-min post MWD was higher in both exercise training groups compared to
that observed in the control group (P at least < 0.05). Following 12-, 18- and 24-weeks
of the intervention period peak blood lactate concentration 5-min post MWD was
increased from baseline in the upper-limb exercise training group only (2.00 £ 0.13 vs.
2.59 + 0.19 mM, pre- and post-intervention; P at least < 0.05; Figure 9). No changes in

these parameters were observed in the control group of patients.
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3.2.2.4 Perceived exertion and perceived pain at MWD

~ The level of pain experienced in the baseline assessment of MWD was fairly consistent

between groups, although an increase in the amount of pain experienced at MWD at the

18- and 24-week time-points was observed in the upper-limb training group only (P <

0.05; Table 14). This increase in perceived pain at these time-points was also associated

with a higher level of perceived exertion (RPE) at MWD in the upper-limb exercise

training group, compared to baseline (P at least < 0.05).

Table 14. Perceived pain (Borg CR-10 scale) and perceived exertion (Borg RPE scale)

at MWD at each assessment stage of the intervention period.

Intervention Lower-limb Upper-limb Control
Period training training group
(weeks)
Baseline 6.0 5.0 5.5
(3.0-11.0) (2.5-11.0) (2.5-11.0)
P ¢ 7.0 7.0 6.0
£ 4 a (2.5 -10.0) (1.5 -11.0) (2.5-10.0)
3 ; 0 7.0 7.0 6.0
g O < (2.0-11.0) (1.0 - 11.0) (3.0-10.0)
1 1]
&k 18 7.0 7.0% 6.5
S (3.0-11.0) (2.5-11.0) (2.0-11.0)
24 7.0 7.0% 5.0
(2.0-11.0) (2.5-11.0) (1.0-10.0)
Baseline 13.0 13.5 15.0
(9.0 - 20.0) (7.0 - 20.0) (7.0-19.0)
) p 15.0 13.5 14.5
T 5 A (8.0 - 20.0) (6.0 - 20.0) (7.0 -20.0)
]
R @ B 12 15.0 15.0% 15.0
T A2 (9.0 - 20.0) (60-19.0)  (11.0-19.0)
- [=1)]
g 5 ° 3 15.0 15.0% 13.0
s e (11.0 - 20.0) (7.0 - 20.0) (7.0 -19.0)
Y 15.0 16.0%* 14.0
(7.0 - 19.0) (6.0 - 20.0) (6.0 - 20.0)

Data are presented as median (range). * P < 0.05; ** P < 0.01 indicate significance compared

to baseline.
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3.2.3  Patients self perceived walking ability

The majority of patients in both training groups stated that they had observed a
noticeable improvement in their walking ability, both when walking up a hill, but
particularly when walking on the flat (Table 15). This is in agreement with the

improvement in walking ability observed in both the training groups.
Interestingly, almost half of the patients in the control group also perceived an
improvement in walking ability, yet no actual improvement in walking ability was

recorded in this group.

Table 15. Patients self perceived walking ability following the intervention period.

o Lower-limb Upper-limb Control
’ training training group
Improvement 84 90 44
No Change 16 - 47
Deterioration - 10 9

Data are presented as the percentage of patients in each study group.

3.2.4 Confidence in walking

The improvement in walking ability observed in both training groups, was also
associated with an improved confidence in walking upon completing the intervention
period, compared to baseline measures (P < 0.01; Table 16). The increased confidence

in walking, however, was not significant when compared with the control group.
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Table 16. Patients perceived confidence in walking.

Confidence in Walking
Pre-Intervention Post-Intervention

Lower-limb Training 5 g*
(2-10) (3-10)

Upper-limb Trainin 5 Ok
o © (1-10) (1-10)

Control Group 7 7.5
(1-10) (3-10)

Data are presented as the median (range). ** P < 0.01 indicates significance from baseline.
Data are presented from 23, 20 and 22 patients from the lower-, upper-limb training and control
groups, respectively, due to some patients withdrawing throughout the study period.

3.2.5 Changes in ABPI

Despite the improvements in walking ability, no changes in resting ABPI were observed
at any assessment time-point during the intervention period, either between or within
groups. A significant decrease in post shuttle-walk ABPI was observed at 24-weeks in
both training groups compared to baseline (P < 0.01). This decrease was significantly
different to the control group in the upper-limb training group only (P < 0.05; Table
17).
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Table 17. Resting, post shuttle-walk and mean individual difference in ABPI at each

assessment stage of the intervention period.

Intervention Lower-limb Upper-limb Control
Period Training Training Group
(weeks)
Baseline 0.65 (£ 0.03) 0.66 (+ 0.03) 0.69 (+ 0.03)
& 6 0.63 ( 0.03) 0.67 ( 0.04) 0.68 (+ 0.03)
<
.%0 12 0.64 (= 0.02) 0.65 (+ 0.03) 0.66 (+ 0.03)
é 18 0.67 (= 0.03) 0.65 (% 0.04) 0.68 (+0.04)
24 0.65 (+ 0.02) 0.66 (+ 0.04) 0.68 (+0.03)
=4 Baseline 0.46 (£ 0.04) 0.43 (% 0.03) 0.48 (& 0.04)
<
3, 6 0.40 (= 0.04) 0.40 (£ 0.03) 0.46 (+ 0.03)
O oy
£ % 12 0.40 (£ 0.04) 0.36 (+0.03) 0.47 (= 0.04)
=
g 18 0.39 (£ 0.03) 0.38 (£ 0.04) 0.45 (= 0.04)
(=)
Re 24 037 £ 0.03)**  0.31 (£ 0.02)**F 0.42 (£ 0.04)
=) Baseline -0.20 -0.24 -0.22
g eb
S E 6 -0.24 -0.28 -0.22
52 &
g m K& 12 -0.24 -0.30 % -0.19
A < .
= 8 18 -0.28 -0.27 -0.23
S &
> 24 -0.28 * - 0.35%* -0.26

Data are presented as mean £ SEM, at each assessment stage of the intervention period. * P <

0.05; ** P < 0.01 indicate significance from baseline. T P < 0.05 indicates significance between
the arm-training group and the control group of patients.

3.3  Walking Impairment Questionnaire Domains

3.3.1 Claudication pain severity, walking distance, walking speed and stair
climbing ability

Further to the changes in walking ability, patients’ walking impairment, as defined

using the walking impairment questionnaire (WIQ) was also altered during the course

of the intervention period.

Following the 24-week intervention period an increase from baseline in walking
distance, walking speed and stair climbing ability was observed in both exercise training

groups (P < 0.01; Table 18). An improvement in claudication pain severity was also
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observed in the upper-limb training group at the 24-week time-point (P < 0.05; Table

18) compared to the control group of patients.

Table 18. Changes in WIQ domains throughout the intervention period.

Intervention  Lower-limb Upper-limb Control
Period training training group
(weeks)

Baseline 50 (0-75) 50 (0-75) 50 (25-75)

.5 % 6 50 (0-75) 50 (25-75) 1 50 (0-75)
;;E ("nz 12 50 (0-75) 50 (0-75) 50 (25-75)

S E 18 50 (25-75) 50 (0-100) 50 (0-75)

24 50 (25-100) 63 (0-100) T 50 (0-75)

Baseline 27 (4-89) 23 (0-100) 22 (2-100)

o g 6 28 (4-89) 36 (1-100) 24 (1-89)

% § 12 32 (7-83) 38 (1-100)* 22 (2-89)
> A 18 33 (7-83) 45 (1-100)* 26 (1-100)
24 45 (7-100)** 49 (1-100)** 28 (4-100)

Baseline 28 (0-89) 27 (0-93) 31 (3-89)
2 6 37 (3-89) 39 (0-93) 38 (0-100)

§ g 12 35(10-72) 45 (0-93)** 32 (0-89)
18 39 (11-89) 50 (0-100)** 39 (10-100)

24 43 (18-100)** 46 (7-93)** 38 (0-72)
. Baseline 42 (0-100) 40 (4-100) 42 (0-100)
é % 6 52 (0-100) 54 (4-100)* 42 (4-100)
§ E 12 67 (0-100)* 59 (0-100) 40 (0-100)
= 18 67 (0-100)** 67 (4-100)* 42 (0-100)
? 24 67 (0-100)** 71 (0-100)** 42 (0-100)

Data are presented as median (range), at each assessment stage of the intervention period. * P <
0.05; ** P < 0.01 indicates significance from baseline. ¥ P < 0.05 indicates significance

between the leg- or arm-training group and the control group.
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3.3.2 Correlation of WIQ indices with walking performance

All WIQ indices were positively correlated with MWD prior to the intervention (Table
19). In particular, correlation coefficients for walking distance and walking speed were
highly correlated with MWD. Weaker relationships existed between patients’ perceived

stair climbing ability and perceived pain severity due to walking.

Table 19. Relationship between walking performance (MWD) and WIQ scores for the

entire patient group pre-intervention.

MWD Correlated with WIQ Indices of

Pain Walking Walking Stair Climbing
Severity Distance Speed Ability
Baseline 0.37** 0.71%** 0.67** 0.56**

Data are presented as the Pearson Correlation Coefficient. * P < 0.05; ** P < 0.01 indicating a
positive correlation with MWD.

Similar relationships were found for walking distance and walking speed throughout the
course of the intervention period, in all three study groups, again with weaker
relationships for stair climbing ability and perceived pain severity, particularly in the

lower-limb training group of patients (Table 20).
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Table 20. Relationship between walking performance (MWD) and WIQ scores for the

three study groups at each assessment stage during the intervention period.

MWD Correlated with WIQ Indices of

Intervention
Period Stai
(weeks) Pain Walking ~ Walking >eatr
Severity Distance Speed Climbing
Ability
0 Baseline 0.32 0.70%* 0.66** 0.50%*
=
§ 6 0.27 0.62%* 0.66%* 0.55%*
fi
e 12 0.20 0.52%* 0.48%* 0.48%*
é 18 0.21 0.60%* 0.34 0.50%*
(=]
= 24 0.07 0.45* 0.45%* 0.33
o0 Baseline 0.34* 0.63%* 0.62%* 0.52%*
=
§ 6 0.28 0.68** 0.66** 0.43*
=
2 12 0.39* 0.77%* 0.72%* 0.38*
é:a_ 18 0.38* 0.66** 0.67%* 0.54%%
(=7
= 24 0.57+* 0.80%* 0.62+* 0.47%*
Baseline 0.52%* 0.82** 0.75%* 0.68**
3 6 0.43* 0.70%* 0.61%* 0.57%*
St
S
= 12 0.44* 0.76** 0.64%* 0.64**
S
3 18 0.52%* 0.73%* 0.72%* 0.64%*
24 0.46%* 0.73%* 0.62%* 0.66%*

Data are presented as the Pearson Correlation Coefficient. * P < 0.05; ** P < 0.01 indicating a

positive correlation with MWD.
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3.4 Physical activity

3.4.1 Incentive to perform physical activity

Ninety-one, and 93 % of patients in the lower- and upper-limb training groups,
respectively, stated that the study had provided them with an incentive to increase their
level of physical activity. Interestingly, 75% of patients in the control group also stated

that the study had provided them with an incentive to exercise (Table 21).

Table 21. Patients self-assessed perception to perform physical activity.

y Lower-limb Upper-limb Control
’ Training Training Group
Incentive 91 93 75
No Incentive 9 7 25

Data are presented as the percentage value within each group

3.4.2 Self perception of physical activity status

An increase in physical activity status from baseline was observed in all three study
groups upon completing the 24-week intervention period (P < 0.01). The physical
activity status of the exercise training groups was rated higher than that of the control

group following the intervention period (P < 0.01; Table 22).
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Table 22. Patients self-assessed physical activity status.

Physical Activity Status
Pre-Intervention Post-Intervention

Lower-limb Training 2 10 **§

(0-10) (10-10)
Upper-limb Training 6 10 **3

(0-10) (8-10)
Control Group 6 6

(0-10) (0-10)

Data are presented as the median (range). ** P < 0.01 from baseline. } P < 0.01 between the leg
or arm-training group and the control group of patients.

3.4.3 Global PAD-PAR physical activity

The observed increases in walking ability in both exercise training groups were
associated with an increase in global physical activity of approximately 11 MET-h.wk!
from baseline to the end of the 24-week intervention period (151 + 8 vs. 162 + 8 and
158 + 7 vs. 169 + 7 MET-h.wk™ for the lower and upper-limb exercise training groups,
respectively, P < 0.01). There was no change in global physical activity status in the

control group at any time-point (Figure 10).

180 O Leg
—@— Arm wok bl
~/x~Control
o 170 - T
S
(D]
=
%
= 160 -
<
=
= 150 i
140 l | T T ]
0 6 12 18 24
Weeks of Training

Figurel0. Changes in global physical activity during the intervention period. Changes in global
PAD-PAR scores. Data are presented as mean += SEM. ** P < 0.01 indicates significance from
baseline.
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3.4.3.1 PAD-PAR work, household and leisure-time physical activity

The increases in global physical activity in the PAD-PAR in both training groups was
attributed to an observed increase from baseline in the leisure-time physical activity
domain of the questionnaire throughout the course of the intervention period in these
patients (P < 0.01). This in the main was attributed to the twice weekly attendance to
the supervised exercise classes. In the control patients, an increase (P < 0.05) in leisure
time physical activity was also observed, but only for the first 12-weeks of the

intervention period (Figure 11).

Despite the advancing years, some patients continued to undertake part or full-time
employment (n=4, 5 and 7, for the lower-limb, upper-limb and control group,
respectively). There was no difference between or within study groups in the level of
work activities undertaken throughout the intervention period (Figure 11). Similarly,
there was no significant difference between or within groups in the household activity
domain of the PAD-PAR questionnaire throughout the study intervention period (Figure
11). This is a typical observation of elderly patients in the main, who routinely perform

household chores with little change in pattern observed over time.

109



Work Activities O Leg

25 1 —8— Arm
—/A— Control

MET Hours.Week !
=

Household Activities
90
85 7
80 7
75 7
70
65
60

MET Hours.Week'

Leisure Activities
Sk RO ek O

30 7
75 7
fedk

70

65

60 T

MET Hours.Week

55 T T | | 1

0 6 12 18 24
Weeks of Training

Figure 11. PAD-PAR questionnaire physical activity levels. Changes in PAD-PAR scores
relating to work, household and leisure activities. Data are presented as mean £ SEM * P <
0.05; ** P < 0.01 indicate significance from baseline.
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3.5 Quality of life — SF-36 v2 questionnaire

3.5.1 The short-term influence of exercise on the dimensions of physical function
There were no differences in the pre-intervention responses of the three study groups. A
significant mean improvement of 6 percentage points in the general health domain of
the SF-36 v2 following 6-weeks of exercise training was only observed in the lower-
limb training group of patients compared to baseline (53.7 £ 3.4 vs. 59.7+3.7; P <
0.01; Figure 10). No significant differences in this domain were observed between study
groups. Although trends were observed, no significance differences in the bodily pain,
physical functioning or role limitation physical domains were found, either within or

between the sthdy groups (Figure 12).

3.5.2 The longer-term influence of exercise on the dimensions of physical function
The general health of patients who had undertaken exercise training was significantly
improved upon completing the 24-week intervention period, compared to the control
group of patients (53.7 £ 3.4 vs. 57.6 £ 3.5; P < 0.05 and 59.5 £ 3.4 vs. 60.5 +3.7; P <
0.01, for lower- and upper-limb training, respectively). However, the improvements
from baseline in these patients were not significant (Figure 12). A decline in general
health over the course of the intervention period was observed in the control group of

patients (49.9 £ 3.2 vs. 45.0 £ 3.5; P < 0.05).

In addition to the improvement in general health, an improvement in the physical
functioning domain was observed in the upper-limb training group only, compared to
baseline (47.5 + 3.9 vs. 58.7 + 3.9; P < 0.01), which was also improved compared to the
control group of patients (P < 0.05; Figure 12). Bodily pain was also improved from
baseline in this patient group (51.5 £ 3.7 vs. 62.8 £ 4.0; P < 0.01). No significant
changes in the role limitation physical domain were observed either between or within

study groups (Figure 12).
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3.5.3 The short-term influence of exercise on the domains of mental health

The pre-intervention responses of the three study groups were not different. Although
trends were observed, there were no significant differences within or between the study
groups, in the mental health, energy and vitality, social functioning or role limitation

emotional domains following 6-weeks of exercise training (Figure 13).

3.5.4 The longer-term influence of exercise on the domains of mental health
Deterioration in the role limitation emotional domain was observed in the control group
of patients upon competing the 24-week intervention period (77.0 + 4.2 Qs. 69.0£4.5; P
< 0.05; Figure 13). In contrast, in the upper-limb training group an improvement in
energy and vitality (53.5 £2.9 vs. 57.1 & 3.2) was observed compared with the control
group of patients (P < 0.05; Figure 13). However, this improvement in these patients
was not significant from baseline. There were no significant changes in the mental
health or social functioning domains of the SF-36 v2, either within or between study

groups.
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3.6  General health status identified using the EuroQol (EQ-5D) questionnaire
3.6.1 The short-term influence of exercise on EuroQol questionnaire domains
General health was perceived to be better following 6-weeks of exercise training in the
upper-limb training group compared to the control group (P < 0.05; Table 23). No
changes in mobility, self care, patients’ ability to perform usual activities, general
bodily pain and discomfort and anxiety were observed following 6-weeks of the

intervention period either between or within study groups (Table 23).

3.6.2 The longer-term influence of exercise on EuroQol questionnaire domains
General health was also improved following the 24-week intervention period in the
upper-limb training group compared to the control group (P < 0.05; Table 23). In
addition, an improvement from baseline in the degree of general bodily pain and
discomfort in this patient group was observed following the intervention period (P <
0.01). A decline in mobility status was observed in the control group of patients (P <
0.05) following the 24-week study period. There were no significant differences
between or within groups in perceived self care, ability to perform usual activities or

anxiety status following the intervention period.
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Table 23. EuroQol (EQ-5D) questionnaire domains throughout the intervention period.

Intervention Lower-limb Upper-limb Control
Period training training group
(weeks)
5 Baseline 70 3 60
- (40 - 95) (35-90) (40 - 95)
@» 6 70 70 60
= (30-95) (45-90) (30-95)
:_:‘3 24 70 70 ¥ 60
(40 - 100) (50 - 100) (30 -90)
Baseline 70 7 3
I (25 - 100) (30-100) (35-100)
ZE 6 62.5 75 70
o (40 - 100) (25 -100) (45 -100)
2 24 60 75 60*
(40 - 100) (25-100) (40 - 100)
Bascline 100 100 100
@ (50 -100) (75 - 100) (30-100)
S 6 100 100 100
= (50 - 100) (60 - 100) (35-100)
2 24 100 100 100
(50 - 100) (70 - 100) (40 - 100)
Baseline 65 70 >0
_ B (20-100) (25-95) (25-100)
= £ p 62.5 67.5 60
S8 (30-100) (30-100) (25-100)
< 24 72.5 77.5 55
(25 - 100) (30-100) (35-90)
g u Baseline 65 70 65
= = (25-95) (5-95 (25-100)
T p 60 70 70
g5 s § (25 -85) (5 -100) (20-90)
2 A 24 72.5 75%* 73
(25 -90) (20 - 90) (25-90)
T Baseline 20 100 20
£ 2 (50 - 100) (30-100) (50 -100)
z 3 6 85 90 90
2 B (25 - 100) (35-100) (35-100)
g2 A 24 85 100 88
(40 - 100) (50-100) (50 - 100)

Data are presented as median (range), at each assessment stage of the intervention period, where
0% and 100% indicate severe difficulty and no difficulty, respectively. * P < 0.05; ** P < 0.01
indicate significance from baseline. ¥ P < 0.05 indicates significance between the leg- or arm-
training group and the control group of patients.
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3.7  Physical function as assessed during the incremental leg and arm-cranking
assessments

3.7.1 Pre-intervention cardiorespiratory performance

The pre-intervention peak V02, VCO2, VE, VE/VO2, Bf, t, RPP and blood lactate

responses of the three study groups were not different, for either the leg-cranking (LCT)

or arm-cranking assessment (ACT).

When the entire cohort of patients (N=104) were compared, peak VO for the ACT was
92% of that measured for the LCT (1.01 £ 0.03 vs. 1.10 + 0.03 L.min’, respectively; P <
0.001), representing an absolute difference of less than 0.10 1. min™ between upper- and
lower-limb aerobic exercise capacity (Table 24). The initial maximum leg power (MLP)
for the entire cohort of patients was 67 + 2 W and maximum arm power (MAP) was 44
+ 1 W. Peak power output for the ACT was 66% of that achieved in the LCT (P <
0.001).

Peak values for VCO2 (P < 0.01), V't (P < 0.01) were also lower for upper-limb exercise,
but with no differences in the peak measures of RER, VE , Bf, HR, SBP, RPP or RPE
between the ACT and LCT were observed. Patients experienced a higher level of leg
pain during the LCT than arm pain during the ACT at maximum exercise tolerance
("very strong" versus "moderate to strong"; P < 0.01), despite similar RPE and higher

blood lactate levels during arm-cranking (P < 0.05; Table 24).

In a significant sub-group of patients (n=36; 35%; Table 24), peak VO: for the ACT was
equal to or exceeded that for the LCT, with mean values of 1.09 + 0.04 and 0.95 £ 0.05
L.min’!, respectively (P < 0.001). In this sub-group, peak power output for the ACT was
74% of that achieved in the LCT (P < 0.001). Other peak cardiorespiratory responses
were also higher for the ACT in this patient sub-group, including HR (P < 0.001), RPP
(P <0.01), VE (P <0.001) and Bf (P < 0.001). The discrepancy between arm and leg
pain (7 vs. 4, respectively; P < 0.001) at maximum exercise tolerance was greater in this
patient sub-group than in the remaining patients with higher leg aerobic exercise

capacity (6 vs. 5, respectively; P <0.001).
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Table 24. Cardiorespiratory, metabolic and perceptual responses at maximum exercise
tolerance during the ACT and LCT for all patients and for the sub-group with higher

arm aerobic exercise capacity.

Sub-group with higher arm

All Patients (N=104) aerobic capacity (N=36)
Variable ACT LCT ACT LCT
Power Output. W 47 £ 1H** 73+2 50 £ 2%*x* 68+4
V02 s l.min™! 1.01 £ 0.03%** 1.10£0.03 1.09 + 0.04%** 0.95 +0.05
VCO:2 s l.min! 0.99 £ 0.03*%** 1.07 £0.03 1.02 £ 0.04** 0.93 +0.05
RER, VCO2/V0: 0.99+£0.01 0.99 £0.01 0.96 £ 0.02 0.99 + 0.02
VE, Lmin™ 36.0+ 1.1 375+ 1.1 39.4 & ] 8*** 348+ 1.8
Vi, 1 1.26 + 0.03*** 1.36 £ 0.04 1.35+0.05 1.30 £ 0.06
Bf, Br.min’! 30.2+0.6 29.6 £0.6 30.8 &£ 1. 1%** 28.8+1.0
SBP, mmHg 195 £3* 199+3 195+4 197+ 4
DBP, mmHg 92+ 1* 90+ 1 89+2 8942
HR, beats.min’! 11442 1132 116 & 4%%* 106 + 4
RPP 22471+ 593 22623 + 608 22682 + 983** 20888 + 851
Blood lactate, mM 3.30+0.11* 3.07+0.10 3.48 £ 0.21%** 2.83 £0.15
Perceived Exertion 17 (10-20) 17 (12-20) 17 (12-20) 17 (12-20)
Perceived Pain 4 (0-11) *** 7(0-11) 4 (0-11) *** 7 (3-11)

Values are means + SEM. Perceived exertion and perceived pain responses were not normally
distributed, and are presented as medians with range in parentheses. * P <0.05; ** P <0.01,
*** P <0.001 between the ACT and LCT.

3.7.2 Physical function throughout the intervention period.

3.7.2.1 Peak power output

The improved walking performance in both exercise training groups following the
intervention period was accompanied by an increase in peak power output at maximum
exercise tolerance from baseline in the lower-limb training group during the LCT (67
(38 —126) t0 96 (53 — 169 W); P < 0.01) and in the upper-limb training group during
the ACT (38 (17 — 82) to 53 (24 — 118 W); P < 0.01), which were also higher than
those of the control group of patients (P < 0.01). The differences between the two
training groups were not significant at any assessment time-point. When compared, the

training effect was most apparent for the specific training apparatus, with some cross-
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over improvement for the other exercise modality. Maximum power output during the
LCT and ACT improved by 43% and 24%, and by 19% and 39% in the lower- and
upper-limb training groups, respectively, indicating an improvement in peak power
output for both trained and untrained skeletal muscle groups in exercising individuals

(Table 25).
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Table 25. Peak power output at maximum exercise tolerance during the LCT and ACT

at each assessment stage of the intervention period.

Intervention Power Output (W)
Period
(weeks) LCT AT
i 67 46 1
Baseline (38- 126) oh b
on
E 6 82%*] 53#%7
s (53 - 155) (24 - 82)
:; 96**} 53%*1
£ 2 (53 - 155) (24 - 82)
§ 18 96**1 53%+1
= (53 - 155) (24 - 82)
24 96**1 57#%}
(53-169) (24 - 89)
Baseline 75 38
(9 - 140) (17 - 82)
e
E 6 82%*§ 53%*}
g (24 - 155) (24 - 111)
.; gk s7%}
£ 1 (38 - 155) (24 - 111)
E. 18 82**} 57%%%
5) (38 -155) 4 -111)
24 8o**} 53%*}
(24 - 155) (24 -118)
Baseline 67 38
(24 - 105) (17 - 60)
3 (24 - 96) (17 - 67)
= 12 67 38
g‘ (24 - 96) (17 -67)
=
S 18 53 38
© - 96) ©-67)
2 (9 - 96) © - 67)

Data are presented as median (range), at each assessment stage of the intervention period. ** P
< 0.01 indicates significance from baseline. T P < 0.05; P < 0.01 indicate significance
between the leg- or arm-training group and the control group of patients.
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3.7.2.2 Peak VO

The observed improvement in walking performance in both training groups during the
intervention period was associated with an improvement in peak V02 at maximum
exercise tolerance during both assessments. Patients assigned to exercise training
showed an increase in peak VO of 17% and 19% during the LCT (1.12 £ 0.04 vs. 1.31
+0.06 and 1.12 £ 0.06 vs. 1.33 = 0.09 L.min™ following lower- and upper-limb training,
respectively), at the 24-week time-point in relation to baseline measures (P at least <
0.05; Figure 14) and control patients (P < 0.01). Peak VO: during the ACT was greater
in both training groups compared with the control group at the 6-, 12-, 18- and 24-week
time-points (P at least < 0.05). However, an increase from baseline was only observed
in the patients assigned to the upper-limb exercise training group (1.05 + 0.05 vs. 1.19 %
0.07 L. min™; P < 0.05; Figure 14).

3.7.2.3 Peak VCO:

Similarly, peak PCO:2 responses were higher in both training groups following the 24-
week intervention period, in both the LCT and ACT in relation to baseline measures (P
at least < 0.05), and the control group (P < 0.01). The pattern of response resembled
that of peak P02 (Figure 15). In the LCT peak V'CO:2 increased by 22% and 21% (1.08
+0.05 vs. 1.32 £ 0.06 and 1.12 £ 0.06 vs. 1.36 £ 0.10 L.min™") and in the ACT by 14%
and 18% (0.96 £ 0.04 vs. 1.09 £+ 0.05 and 1.05 £ 0.06 vs. 1.24 £ 0.07 1.min™") following

lower- and upper-limb training, respectively (P at least < 0.05; Figure 15).

3.7.2.4 Peak RER

There were no significant differences in peak RER within any of the study groups over
the course of the intervention period. The only differences observed were between the
lower- and upper-limb training groups, following 12-weeks and 24-weeks of the
intervention period, respectively, compared to the control group of patients (P < 0.05;

Figure 16).
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3.7.2.5 Peak VE

The increases in peak POz were accompanied by increases in peak VE responses at
maximum exercise tolerance in both training groups, at the 6-, 12-, 18- and 24-week
time-points in both the LCT and ACT, in relation to baseline measures (P < 0.01) and
the control group (P < 0.01). The pattern of response resembled that of peak VO
(Figure 17). In the leg-cranking assessment, following the 24-week intervention period
peak VE increased by 33% and 25% (39.0 £ 2.0 vs. 52.0 £ 2.6 and 39.5+ 1.9 vs. 49.3 +
2.9 Lmin™) and in the arm-cranking assessment by 20% and 26% (37.7 = 2.0 vs. 45.2 +
2.7 and 37.6 + 2.0 vs. 47.3 £ 2.7 Lmin™) following lower- and upper-limb training,
respectively (P < 0.01; Figure 17).

3.7.2.6 Peak VE/VO:

Peak values for the ventilatory equivalent for oxygen (VE/V0O2) at maximum exercise
tolerance were higher in both training groups in both the LCT and ACT, compared to
the control group of patients (P at least < 0.05). The pattern of response at each time
point resembled that of peak ¥O2 but with higher values attained in the lower-limb
training group at each time point (Figure 18). In the leg-cranking assessment, following
the 24-week intervention period peak VE/VO2had only significantly increased from
baseline in the lower-limb training group (34.7 &+ 1.3 vs. 40.6 & 1.8; an increase of
17%). Whereas, in the arm-cranking assessment increases of 15 and 13 % (36.8 £ 1.5
vs. 42.5+2.1 and 35.9 + 1.2 vs. 40.5 £ 1.6) were observed following both lower- and

upper-limb exercise training, respectively (P < 0.01).
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