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31 ABSTRACT: 

32 Introduction: Peripheral artery disease (PAD) is characterised by stenosis or occlusion of the 
33 arteries in the lower limbs. Patients with PAD commonly report intermittent claudication (leg 
34 pain/discomfort) during physical activities, which significantly limits the ability to walk and 
35 perform activities of daily living. Supervised exercise training is an effective therapy that can 
36 improve walking capacity in people with PAD. Emerging evidence also suggests that 
37 supervised exercise therapy following lower limb revascularisation can further enhance 
38 walking capacity when compared with revascularisation alone. However, access to dedicated 
39 exercise programs for patients with PAD is limited in most countries, and there is a need to test 
40 the efficacy of alternative rehabilitation strategies and referral pathways. This randomised-
41 controlled study aims to assess the efficacy of referral to a cardiovascular rehabilitation 
42 program versus usual care on walking capacity and quality of life in patients who have 
43 undergone lower limb revascularisation for PAD.

44 Methods and analysis: This will be a single-centre, prospective, parallel group, randomised-
45 controlled trial. Sixty-six participants who have undergone a lower limb revascularisation 
46 procedure for PAD, in the previous 12 months will be randomly allocated to a cardiovascular 
47 rehabilitation program or a usual care (control) group. The cardiovascular rehabilitation 
48 program will include two supervised exercise sessions per week for 6 weeks, home-based 
49 exercise advice, and one education seminar in total (5.5 hours) which will cover topics such as 
50 diet, medications, exercise training, and lifestyle modifications for the management of 
51 cardiovascular diseases. The control group will receive usual care and medical advice from 
52 their local doctor and vascular surgeon. The primary outcome will be maximum walking 
53 distance assessed with the 6-minute walk test (6MWT). Secondary outcomes include pain-free 
54 walking distance during the 6MWT, maximal and pain-free walking time during a graded 
55 treadmill walking test, cardiorespiratory fitness, self-reported walking capacity, disease-
56 specific quality of life, and self-reported and objectively measured physical activity levels. 
57 Exploratory outcomes include brachial artery flow-mediated dilation, arterial stiffness, ankle-
58 brachial blood pressure index, and biomarkers of cardiovascular disease risk. Outcomes will 
59 be assessed at baseline (week 1), following the cardiovascular rehabilitation / usual care period 
60 (week 8), and again at 6-month follow-up (week 34).

61 Ethics and dissemination: This study has received ethics approval from the Human Research 
62 Ethics Committees (HREC) of Queensland Health Metro North Hospital and Health Service 
63 (94155), and the University of the Sunshine Coast (S231914). Findings from this study will be 
64 disseminated in peer-reviewed journals and through national and international conference 
65 presentations.

66 Trial registration number: ACTRN12623000190606

67

68

69
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70 STRENGTHS AND LIMITATIONS OF THIS STUDY:

71 • A world-first randomised-controlled trial investigating the efficacy of referral to a 
72 cardiovascular rehabilitation program compared to usual care on walking capacity and 
73 quality of life in people who have undergone lower limb revascularisation for peripheral 
74 arterial disease (PAD).
75 • A multidisciplinary clinical collaboration including cardiology, vascular surgery, 
76 nursing, exercise physiology and other areas of allied health to improve clinical 
77 outcomes following lower limb revascularisation in people with PAD.
78 • The same investigators who will deliver the cardiovascular rehabilitation exercise 
79 program will also be involved in the collection of outcome data. While it is not feasible 
80 to blind participants and investigators to group allocation in an exercise intervention 
81 study, all data analysis will be undertaken in blinded fashion using coded data.
82
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103 INTRODUCTION:

104 Peripheral artery disease (PAD) is an atherosclerotic condition characterised by stenosis or 
105 occlusion of the arteries of the lower limbs. Worldwide, PAD affects over 230 million adults 
106 and its prevalence is expected to further increase over the coming years due to the ageing of 
107 the population (1). People with PAD are limited by intermittent claudication (leg 
108 pain/discomfort) which significantly impairs walking capacity, physical activity levels and 
109 quality of life (2–4). Reduced walking capacity and physical inactivity further contribute to the 
110 elevated risk of secondary cardiovascular events (stroke, myocardial infarction, cardiovascular 
111 death) and associated hospitalisation (5–8).

112 The initial treatment for PAD includes medical management of symptoms and cardiovascular 
113 disease risk factors with pharmacotherapies and lifestyle modification (9). In patients with 
114 advanced PAD, including limiting claudication or chronic limb-threatening ischemia, lower 
115 limb revascularisation procedures are indicated to restore blood flow and ‘save’ the affected 
116 limb (9). Lower limb revascularisation procedures are associated with improvements in limb 
117 blood flow (10), walking capacity (11), and quality of life (12,13). However, despite 
118 improvements in limb blood flow, the improvements in walking capacity are generally only 
119 modest after lower limb revascularisation (~60% improvement) when compared with exercise 
120 therapy (~110%) (14). Furthermore, the benefits of revascularisation for walking capacity and 
121 quality of life are short-lived, with prospective studies reporting deteriorations in walking 
122 capacity as early as 26 months after revascularisation (15–17). This highlights an important 
123 limitation of lower limb revascularisation procedures for the long-term improvement of 
124 walking capacity in patients with PAD.

125 Supervised exercise is an effective therapy that is widely recommended in several international 
126 guidelines for the management of patients with PAD (9,18–21). A large body of evidence 
127 suggests that supervised exercise programs, incorporating aerobic and resistance exercises of 
128 the lower limbs, improve walking capacity (22–24), physical activity levels (25,26) and quality 
129 of life (27,28) in patients with PAD. A commonly used assessment of walking capacity for 
130 patients with PAD is the six-minute walk test; and evidence shows gains in six-minute walk 
131 distance ranging between 45-80 meters following supervised exercise programs (25,29–32). 
132 Beyond the recommendation that supervised exercise should be included as part of the initial 
133 treatment of PAD, there is emerging evidence that outcomes following lower limb 
134 revascularisation can also be enhanced when combined with exercise therapy (33–35). This 
135 aligns with a recent systematic review that reported significant improvements in maximum 
136 walking distance (mean difference range: 82-321 m) and pain-free walking distance (mean 
137 difference range: 38-408 m) favouring a combined therapy approach over supervised exercise 
138 training or revascularisation alone (36). 

139 Despite this strong evidence supporting the benefits of supervised exercise therapy, access to 
140 dedicated exercise programs is very limited for patients with PAD. Previous studies report that 
141 as few as 43-48% of vascular units in the United States and the United Kingdom have access 
142 to dedicated supervised exercise programs for the referral of patients with PAD (37,38). 
143 Similarly, a survey of 378 vascular surgeons across 43 European countries reported that only 
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144 30% (N=115/378) of surgeons have access to supervised exercise programs for the referral of 
145 patients with PAD (39). This highlights a need for alternative rehabilitation strategies and 
146 referral pathways to increase the access to supervised exercise therapy for patients with PAD.

147 Cardiovascular rehabilitation is a well-established multidisciplinary approach for the care and 
148 rehabilitation of patients with heart disease, particularly those recovering from myocardial 
149 infarction or cardiac surgery (40). Cardiovascular rehabilitation (CR) programs typically 
150 consist of supervised exercise training, dietary and lifestyle advice, psychological support, and 
151 education on the management of cardiovascular disease risk factors. Studies report that CR 
152 programs are cost-effective for improving functional capacity, physical activity levels and 
153 quality of life, and reducing the risk of secondary cardiovascular events in patients with cardiac 
154 diseases (41–44). While CR programs are widely accessible in most countries, patients with 
155 PAD are historically seen as out of scope and are not usually referred for CR (40,45). To date 
156 very few studies have investigated the effectiveness of routine CR for patients with PAD (46–
157 51). Most of these studies have been limited to the investigation of patients with coronary artery 
158 disease referred for CR who also had PAD as a comorbidity (47–50). In Canada, of 23,215 
159 patient referrals with coronary artery disease, 5.9% (N=1,366 patients) were identified as 
160 having a comorbidity of PAD (47). The identified patients with PAD had significantly impaired 
161 cardiorespiratory fitness and a lower 10-year survival rate when compared with patients 
162 without PAD. Importantly, this study demonstrated that completion of CR led to significant 
163 reductions in mortality rate (adjusted hazard ratio 0.62 [95%CI 0.57, 0.67]) in patients with 
164 PAD, when compared with patients who did not attend CR (47).

165 Recently, a small (N = 20 participants), non-randomised pilot study of CR in patients who had 
166 undergone lower limb revascularisation for PAD, reported that CR was safe and feasible, and 
167 led to greater improvements in six-minute walk distance (mean difference: 53 m; P=0.04) when 
168 compared with usual care (52). These findings highlight the potential for CR to be used as a 
169 standard referral pathway for patients with PAD who are recovering from a lower limb 
170 revascularisation procedure. To test this, we will conduct a randomised-controlled trial to 
171 assess the efficacy of referral to a 6-week community-based CR program versus usual care on 
172 walking capacity and quality of life in patients who have recently (< 12 months) undergone 
173 lower limb revascularisation for PAD. 

174 Primary aim

175 To assess the efficacy of a 6-week community-based CR exercise program versus usual care 
176 on maximum walking distance during a six-minute walk test (6MWT) in patients who have 
177 recently (< 12 months) undergone lower limb revascularisation for PAD.

178 Secondary aims

179 To assess the efficacy of a 6-week community-based CR exercise program on: 1) pain-free 
180 walking distance during a 6MWT, 2) maximal walking time and pain-free walking time during 
181 a graded treadmill walking test, 3) cardiorespiratory fitness measured as peak oxygen uptake 
182 during a graded treadmill walking test, 4) disease-specific quality of life and self-reported 
183 functional capacity, and 5) self-reported and objectively measured physical activity levels.
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184 Exploratory aims

185 To assess the efficacy of a 6-week community-based CR exercise program on: 1) brachial 
186 artery flow-mediated dilation, 2) arterial stiffness (augmentation index, carotid-femoral artery 
187 pulse wave velocity), 3) ankle-brachial blood pressure index, and 4) circulating biomarkers of 
188 cardiovascular disease risk.

189

190 METHODS AND ANALYSIS

191 Study design and overview

192 An overview of the study is shown in Figure 1. This is a single centre, prospective, parallel-
193 group, randomised-controlled trial conducted at the University of the Sunshine Coast and the 
194 Sunshine Coast University Hospital (Australia). Patients with PAD who have recently ( < 12 
195 months) undergone a lower limb revascularisation procedure will be identified and randomly 
196 allocated to either usual care or usual care plus a 6-week community-based CR program (N=33 
197 per group; refer to power and sample size estimate). Participants allocated to the usual care 
198 group will receive usual care and medical advice from their local doctor and vascular surgeon. 
199 The community-based CR program will comprise two supervised exercise sessions per week 
200 for 6 weeks, home-based exercise advice, and an education seminar (5.5 hours). The CR 
201 program will be delivered by the Cardiovascular Rehabilitation Service of the Sunshine Coast 
202 University Hospital. Primary, secondary, and exploratory outcomes will be assessed at baseline 
203 (week 1), after the completion of the CR program / usual care period (week 8) and again 6 
204 months after the completion of the CR program / usual care period (week 34). Maximal exercise 
205 assessments such as graded treadmill walking tests will be conducted at the Clinical 
206 Investigations Unit at the Sunshine Coast University Hospital to facilitate access to medical 
207 supervision. Other outcome measures will be conducted at the VasoActive Laboratory at the 
208 University of the Sunshine Coast. As per Standard Protocol Items: Recommendations for 
209 Interventional Trials (SPIRIT), a schedule of participant enrolment, intervention and 
210 assessments is presented in Table 1 (53).
211
212
213
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214 Participants & eligibility criteria

215 Potential participants will be identified from the Sunshine Coast region through: 1) an existing 
216 database of participants who have previously provided consent to be contacted, 2) collaborating 
217 vascular surgery clinics including the Sunshine Coast University Hospital, and 3) community 
218 sources and advertising.

219 Participants will be eligible to participate in the study if they: 

220 1. Are 18 years of age or older and have a formal diagnosis of PAD made by a vascular 
221 surgeon.
222 2. Have undergone a lower limb revascularisation procedure (endovascular procedure, 
223 open surgical procedure or hybrid procedure) in the previous 12 months.
224 3. Have clearance to participate from their treating vascular surgeon, including 
225 verification that they have adequately recovered from any lower limb revascularisation 
226 procedure.
227 4. Can understand and communicate in English sufficient to provide informed consent.

228 Participants will be excluded from participation if they meet any of the following criteria:

229 1. Unable to walk independently (e.g., depend on assistance from a walking aid).
230 2. Previous lower limb amputation or current tissue necrosis (ulceration or gangrene) that 
231 limits the ability to undertake walking tests. 
232 3. Deemed not eligible to participate in CR by the CR clinical staff as per standard 
233 contraindications for exercise (54). These contraindications include unstable angina, 
234 acute heart failure, recent cerebrovascular event, uncontrolled resting hypertension, 
235 symptomatic hypotension, uncontrolled diabetes, uncontrolled sinus tachycardia, 
236 uncontrolled/complex arrythmias.
237 4. Currently participating in a supervised exercise rehabilitation program.
238 5. Terminal illness or other medical condition or planned treatment that may affect the 
239 ability to participate in or complete the trial.

240 Intervention

241 Eligible participants will be randomised in equal proportions (1:1) to one of the study groups.

242 1. Usual care (control group).

243 2. Usual care plus a 6-week community-based CR program (intervention group).

244 Usual care

245 All participants will continue to receive usual care and medical advice from their local doctor 
246 and vascular surgeon throughout the study. Usual care for PAD will not be altered by this 
247 protocol.

248 Usual care plus community-based CR program
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249 In addition to usual care, participants who are randomised to the community-based CR program 
250 will be referred to the CR program of the Sunshine Coast Hospital and Health Service. The CR 
251 program will be delivered at a community fitness facility (The Sports Hub, Bokarina, QLD 
252 4575, Australia). The CR program will be structured in accordance with current exercise 
253 recommendations for people with PAD (9,18–21). The CR program will include twelve 60-
254 minute sessions of supervised exercises, delivered twice per week over a period of 6 weeks, 
255 and one education seminar (5.5 hours with breaks). While the recommended duration of 
256 supervised exercise training for patients with PAD is 12 weeks (18,19), improvements in 
257 walking capacity are reported after 3-6 weeks (55–57). Furthermore, the recommended 
258 duration for CR ranges between 6-12 weeks (58). To ensure outcomes are applicable to a wide 
259 range of CR programs, the minimum duration for CR was selected (i.e., 6 weeks). During the 
260 6-week CR program participants will also be provided with exercise guidelines and advice to 
261 complete at least three home-based walking sessions per week. Following the completion of 
262 the CR program, participants will be provided with individualised exercise and physical 
263 activity advice with the goal to meet the recommended 150-300 minutes of moderate intensity 
264 physical activity levels per week (54).

265 The program exercise sessions will be supervised by CR staff (nurses, exercise physiologist) 
266 and research personnel. The research personnel will be responsible for the prescription and 
267 progression of the exercises. As outlined in Table 2, the supervised exercise sessions will 
268 primarily consist of bouts of intermittent treadmill walking that are interspersed by periods of 
269 upper body activity and lower limb resistance exercises. Each supervised exercise session will 
270 last for 60 minutes, including a warm-up and a cool-down (10 minutes each). The total duration 
271 of treadmill walking for each session will be 10 minutes (e.g., 5 x 2-minute bouts) at the 
272 beginning of the program (i.e., week 1) and will progress to 30 minutes (e.g., 15 x 2-minute 
273 bouts) by the end of the program (i.e., week 6). The total duration of upper body and lower 
274 limb resistance training for each session will begin at 30 minutes (e.g., 15 x 2-minute bouts) at 
275 the beginning of the program and will decrease to 10 minutes (e.g., 5 x 2-minute bouts) by the 
276 end of the program. Exercise intensity and severity of claudication pain will be monitored with 
277 the modified rate of perceived exertion Borg scale and the intermittent claudication pain scale, 
278 respectively (59,60). Participants will be instructed to exercise at moderate to near-maximal 
279 claudication pain thresholds (i.e., 3/4 on claudication scale) or if asymptomatic, exercise at a 
280 moderate exercise intensity (i.e., 3/10 on Borg scale) (18,61). The initial exercise intensity will 
281 be individually prescribed based on the exercise workload achieved during the baseline 
282 exercise tests (e.g., workload achieved at stage prior to treadmill test cessation). 

283 The home-based walking sessions will also align with the current PAD exercise 
284 recommendations (9,18–21). Participants will be provided with individualised weekly walking 
285 goals which will be set and reviewed by the study team. During the home-based walking 
286 sessions, participants will be instructed to complete intermittent bouts of walking separated by 
287 periods of rest. Similar to the supervised exercise sessions, the total duration of walking for 
288 each home-based session will begin at 10 minutes (e.g., 5 x 2-minute bouts) at the beginning 
289 of the program (i.e., week 1) and will progress to 30 minutes (e.g., 15 x 2-minute bouts) by the 
290 end of the program (i.e., week 6). The total period of rest for each home-based session will be 
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291 20 minutes at the beginning of the program (e.g., 10 x 2-minute bouts) and will decrease until 
292 participants are able to walk continuously for 30 minutes. Exercise intensity and severity of 
293 claudication pain will be self-monitored using the modified rate of perceived exertion Borg 
294 scale, and the intermittent claudication pain scale (59,60). Participants will be instructed to 
295 walk at moderate to near-maximal claudication pain thresholds (i.e., 3/4 on claudication scale) 
296 or if asymptomatic, walk at a moderate exercise intensity (i.e., 3/10 on Borg scale) (18,61). 
297 Participants will be provided with a diary to record their home-based walking sessions.

298 Participants in the CR program will attend an education seminar (5.5 hours with breaks). The 
299 education seminar will be delivered by health specialists (e.g., nurse, dietitian, psychologist, 
300 exercise physiologist) and will cover topics such as diet, medications, exercise training, 
301 physical activity, and lifestyle modifications for the management and prevention of 
302 cardiovascular diseases. The seminar information will be based on the current Australian 
303 guidelines for the management of acute coronary syndromes (62–64).

304 Adherence

305 Strategies are incorporated into the protocol to promote and monitor adherence to the study 
306 intervention. The importance of attending the weekly supervised exercise sessions and 
307 accumulating the recommended weekly amount of exercise and physical activity levels will be 
308 explained to the participants in the participant information and consent form (PICF) and upon 
309 starting the CR program. Participants will also be provided with individualised weekly goals 
310 for the supervised and the home-based exercise sessions which will be set and reviewed by the 
311 study team. Adherence to the supervised and home-based exercise sessions will be assessed by 
312 recording the number of exercise sessions that participants complete each week against the 
313 goal/target for that specific week. Participants will keep a daily diary to record their home-
314 based exercise sessions that they complete during the 6-week CR program. Attendance to the 
315 education seminar will be assessed using an attendance checklist. The assessment of protocol 
316 adherence for the purpose of statistical analysis is described in the statistical analysis section.

317 Screening and enrolment (visit 1)

318 Prior to screening assessments, participants will be required to provide their informed consent 
319 to participate in the study which will occur at the commencement of the initial study visit (visit 
320 1). A trained study staff member authorised by the Principal Investigator will take the 
321 participant through the information sheet and obtain informed consent. All participants will be 
322 fully informed of the potential risks and benefits of the study. Participants will be screened for 
323 co-morbidities and cardiovascular risk factors prior to inclusion in the study. During this visit, 
324 anthropometric measurements (e.g., height, weight) and resting blood pressure will be 
325 conducted. Participants will also be familiarised with the 6MWT to minimise test variability. 

326 Randomisation and blinding

327 Following baseline outcome measures (i.e., visit 3), participants will be randomly allocated to 
328 either the usual care group (N=33) or the usual care plus community-based CR exercise group 
329 (N=33). To ensure allocation concealment, randomisation will be generated using a secure, 
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330 independent web-based randomisation system (SealedEnvelope.com). Prior to randomisation, 
331 participants will be stratified to account for type of procedure (e.g., open surgical vs 
332 endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). This will allow 
333 stratification of participants who have recently undergone a revascularisation procedure (< 12 
334 weeks) from those who have undergone a revascularisation procedure more than 12 weeks ago 
335 and have fully resumed normal activities of daily living, recreation, and work activities. Block 
336 randomisation, using random block sizes of two to four participants will be used to ensure that 
337 group allocation at any point in time remains similar. Enrolment, allocation, follow-up, and 
338 final analysis will be conducted and reported in accordance with the Consolidated Standards 
339 of Reporting Trials (CONSORT) statement for randomised clinical trials (65).

340 Outcome measures and procedures

341 As outlined in Table 1, primary, secondary, and exploratory outcomes will be assessed at 
342 baseline (week 1), after the completion of the 6-week CR program / usual care period (week 8) 
343 and again 6 months after the completion of the CR program / usual care period (week 34). 
344 During weeks 1 and 8, participants will carry out the assessments over two visits to ensure that 
345 participants are sufficiently recovered between walking tests. As the treadmill test is a 
346 secondary outcome measure, participants will be given the option to opt out of performing this 
347 test. The treadmill test requires participants to walk until maximal exertion. Although this is an 
348 important outcome measure, only 34 participants are required to establish an effect (refer to 
349 power and sample size estimate). Therefore, participants who are unwilling to exert themselves 
350 to maximal effort, or those who are unable to maintain the walking speed of the treadmill will 
351 be given the option to opt out of this test. At 6-month follow-up (week 34) participants will 
352 make a single visit for the assessment of the six-minute walking test, quality of life, self-
353 reported functional capacity, physical activity levels, vascular function, and biomarkers of 
354 cardiovascular disease risk. The 6-month follow-up visit aims to provide an indication of 
355 longer-term durability of the effect of CR following revascularisation. For the post-intervention 
356 and follow-up assessments at weeks 8 and 34, the assessment window may be extended by up 
357 to 7 days to accommodate unforeseen circumstances (e.g., participant illness). 

358 Primary outcome

359 Six-minute walk test (6MWT):

360 The 6MWT will be conducted at weeks 1, 8, and 34. Change in maximum walking distance 
361 during the 6MWT between baseline and week 8 is the primary outcome for the study. Change 
362 in the pain-free walking distance during the 6MWT is a secondary outcome measure.

363 As per standard procedures, a course of 30 meters length is marked out in a covered area at 
364 least 2 meters in width, with a cone at each end (66). Chairs are also placed every 10 meters 
365 along the course so that participants can sit and rest during the test if needed. Participants will 
366 be asked to walk up and down the course for 6 minutes and to complete as many laps and cover 
367 as much distance as possible in that time. Participants will be asked to indicate to the test 
368 supervisor when the onset of claudication occurs, and then to rate the severity of their 
369 claudication/discomfort using a hand-signal at the completion of each lap (i.e., every 60 meters) 
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370 using the claudication rating scale (60). During the test, heart rate will be continually monitored 
371 with a heart rate monitor and recorded at the end of each lap. During the test, participants can 
372 stop walking and rest if their claudication pain becomes intolerable; however, the timing 
373 continues and participants are requested to resume walking as soon as possible. At the end of 
374 the test, the number and timing of any rest breaks, the time and distance to the onset of 
375 claudication (pain-free walking distance) and the total distance walked (maximum walking 
376 distance) are recorded. 

377 Walking capacity measured during the 6MWT has been chosen as the primary outcome as it 
378 has excellent test-retest reliability (interclass correlation coefficient = 0.970, 95% confidence 
379 intervals 0.950 to 0.981, N=173) (67), and it correlates strongly with a range of relevant clinical 
380 outcomes including physical activity (68), patient-reported outcomes, as well as cardiovascular 
381 morbidity and mortality associated with PAD (7). Based on this strong reliability, a reported 
382 advantage of the 6MWT for clinical trials is that there is no learning effect (69). Nonetheless, 
383 participants will be familiarised with the 6MWT prior to the baseline assessment in the current 
384 study. This approach is consistent with recommended practice and reporting of performance 
385 outcomes for clinical trials in patients with PAD (70). The minimal clinically important 
386 difference (MCID) for 6MWT distance has been established for people with and without PAD. 
387 Based on the change in 6MWT distance with exercise therapy and the corresponding change 
388 in reported physical function, the MCID thresholds are 12 meters (small effect), 32 meters 
389 (moderate effect), and 34 meters (large effect) (71).

390 Secondary outcome measures

391 Graded treadmill walking test:

392 The graded treadmill walking test including measures of maximum walk time and pain-free 
393 walking time will be performed at weeks 1 and 8. The Gardner-Skinner protocol will be used, 
394 which was specifically developed for the assessment of walking capacity in patients with PAD 
395 (72,73). The treadmill will start at 3.2 km/h at a 0% incline, and then every 2 minutes the 
396 gradient of the treadmill will increase by 2%. The treadmill test will be conducted and 
397 supervised by an exercise physiologist, a cardiac technician, and a medical doctor. During the 
398 test participants will be monitored with a continuous 12-lead electrocardiogram, and heart rate 
399 and blood pressure will be measured and recorded at the end of each stage (i.e., every 2 
400 minutes). At the end of the test, participants will be asked to rate the severity of their 
401 claudication pain in each leg using the claudication scale, and to provide a rating of their 
402 general exertion using the modified rate of perceived exertion Borg scale (59). The MCID 
403 values for small, moderate and large changes in maximum treadmill walking time after 
404 supervised exercise training are 121, 141, and 241 (seconds), respectively, in patients with 
405 PAD (71). 

406 Cardiorespiratory fitness:

407 Cardiorespiratory fitness (peak oxygen uptake) will be assessed during the graded treadmill 
408 walking test at weeks 1 and 8. Cardiorespiratory fitness is a strong predictor of cardiovascular 
409 disease and all-cause mortality rates in patients with PAD (74,75). Oxygen uptake (V̇O2) will 
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410 be continuously measured with a portable V̇O2 system (K5, COSMED, Italy), and a breath-by-
411 breath gas exchange and ventilation face mask. Peak oxygen uptake will be determined as the 
412 highest 15-second average during the final 60 seconds of peak exercise. 

413 Quality of life:

414 Disease-specific quality of life will be assessed using the Intermittent Claudication 
415 Questionnaire (ICQ) at weeks 1, 8 and 34. The ICQ is a self-administered tool consisting of 16 
416 items that focus on limitations imposed by claudication while performing various tasks, such 
417 as walking specific distances or performing activities of daily living (76). The instrument is 
418 scored by summing the patient responses to individual items, which are all equally weighted, 
419 and transformed to a 0 to 100 composite score, where 0 is the best score. The composite score 
420 will be calculated and used as the outcome for analysis.

421 Self-reported walking capacity:

422 Self-reported walking capacity will be assessed using the Walking Impairment Questionnaire 
423 (WIQ) at weeks 1, 8 and 34. The WIQ is a PAD-specific measure of self-reported difficulty 
424 during walking with 3 domains: walking distance, walking speed, and stair climbing (77). Each 
425 domain is scored on a scale from 0 to 100 (100 indicating the best possible score). A small, 
426 moderate, and large MCID for each of the three WIQ domain scores are: 6, 14, 23 for walking 
427 distance; 4, 11, 18 for walking speed; and 6, 15, 23 for stair climbing, respectively (71). 

428 Physical activity levels:

429 Objectively assessed physical activity: Free living physical activity levels will be objectively 
430 assessed using a GT9XActiGraph accelerometer (ActiGraph, Pensacola, FL, USA) at weeks 1, 
431 8 and 34. Participants will be instructed to wear the device on their non-dominant wrist for 7 
432 full days at each assessment point (78). At the end of the recording period, the accelerometer 
433 is removed by the participant and returned to the research team (in person or by reply-paid 
434 delivery) for data upload, quality assurance and analysis. The ActiGraph accelerometer will be 
435 initialised to collect raw data at 100 Hz (79). The in-built inclinometer will also enable the 
436 assessment of body position (i.e., sitting/lying vs standing). At each assessment period, a 
437 minimum wear-time criteria of 4 days and 600 minutes per day will be applied (80). The 
438 ActiLife software (version 6.13.5; AcriGraph LLC) will be utilised to process the raw data to 
439 create 60-second epochs (79). The data will be processed using the Choi algorithm within the 
440 ActiLife software to define wear and non-wear minutes (81). The primary outcome measure of 
441 physical activity will be steps per day. Other outcome measures will include sedentary time, 
442 and time spent (mins/day) engaging in light, moderate and vigorous physical activity. During 
443 the 7-day monitoring period, participants will also keep a brief daily physical activity diary to 
444 record periods of sleep, work, non-wear time, and structured exercise that are essential for 
445 analysis and cannot be inferred from the monitor data alone. The ActiGraph accelerometer has 
446 been reported to be reliable and valid in the assessment of walking, body posture, and sedentary 
447 behaviour during free-living activity (82–84), and when used in patients with PAD (85–87). 
448 The MCID values for small, moderate and large changes in total daily steps after supervised 
449 exercise training are 569, 1,423 and 2,277 (steps/day), respectively, in patients with PAD (88). 
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450 Self-reported physical activity: Self-reported physical activity levels will be assessed using the 
451 International Physical Activity Questionnaire for elderly (IPAQ-E) at weeks 1, 8 and 34. The 
452 IPAQ-E is a self-reported questionnaire which has been validated for use for individuals over 
453 the age of 65 (89). The IPAQ-E consists of questions about frequency (days per week) and time 
454 (minutes per day) spent sitting, walking, and performing physical activities of moderate and 
455 vigorous intensity. All self-reported activity domains (sitting, walking, moderate and vigorous 
456 physical activities) have been reported to positively correlate with corresponding variables 
457 objectively assessed by accelerometers (89). 

458 Exploratory outcomes

459 Ankle to brachial blood pressure index (ABI):

460 The ABI of both legs will be measured at weeks 1, 8 and 34. After resting in a supine position 
461 for 10 minutes, brachial and ankle blood pressures will be measured.  Brachial blood pressures 
462 will be measured in both arms using an automated blood pressure monitor (90). Systolic blood 
463 pressure of the dorsalis pedis artery and posterior tibial artery at the left and right ankles will 
464 also be measured using a manual cuff sphygmomanometer and handheld 5-7 MHz Doppler 
465 ultrasound probe. The average of the closest two recordings at each artery will be recorded. 
466 The ABI for each leg will be calculated by dividing the higher dorsalis pedis artery or posterior 
467 tibial artery value by the highest brachial artery value obtained from either side (55). 

468 Brachial artery flow-mediated dilation (FMD):

469 Brachial artery FMD will be measured in response to a reactive hyperaemia test (cuff 
470 occlusion) at weeks 1, 8 and 34. Brachial artery FMD is an independent predictor of 
471 cardiovascular events in patients with PAD (91). As per standard procedures (92), brachial 
472 artery FMD will be measured with participants in the supine position after 10 minutes of rest. 
473 This measurement will involve a rapid inflation of a pressure cuff positioned at the forearm. A 
474 10-MHz multi-frequency linear array probe, attached to a high-resolution ultrasound machine 
475 (Terason, Burlington, US) will be used to image the brachial artery (2 cm proximal to the 
476 elbow). The ultrasound settings will be optimised for each individual and will be kept constant 
477 between all assessments. Continuous Doppler velocity will also be obtained using the 
478 ultrasound at an insolation angle of 60°. Following baseline assessments, reactive hyperaemia 
479 will be induced by inflating the cuff to 200 mmHg for 5 minutes. Artery diameter and flow 
480 recordings will resume 30 seconds before cuff deflation and continue for 3 minutes thereafter 
481 (93). Brachial artery FMD will be expressed as a relative change (percent change) in peak 
482 arterial diameter from baseline (pre cuff inflation) to post cuff deflation. The analysis of the 
483 brachial artery FMD will be undertaken using a continuous edge-detection and wall-tracking 
484 software.

485 Arterial stiffness:

486 Arterial stiffness outcomes incorporate measures of augmentation index (AIx) and carotid-
487 femoral artery pulse wave velocity (PWV) and will be assessed at weeks 1, 8 and 34. Arterial 
488 stiffness is an independent predictor of cardiovascular disease and all-cause mortality rates in 

Page 13 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
5 D

ecem
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089203 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

BMJ Open

Page 14

489 patients with PAD (94,95). After resting in the supine position for 10 minutes, brachial artery 
490 pulse waves will be obtained by partially inflating a cuff over the right brachial artery using a 
491 SphygmoCor XCEL system (AtCor Medical Pty Ltd, Sydney, Australia) and following 
492 standard guidelines (96,97). The brachial waveforms will be used to generate central aortic 
493 pressure waveforms, and to determine AIx, which is the ratio of wave reflection amplitude 
494 relative to central pulse pressure. For the PWV assessment, the carotid-femoral PWV will be 
495 measured using the applanation tonometry technique. A hand-held tonometer probe (AtCor 
496 Medical Pty Ltd, Sydney, Australia) will be held against the skin surface over the right carotid 
497 artery to obtain carotid-artery pulse waves, and a pressure cuff will be placed around the right 
498 upper thigh to record femoral artery pulse waves. The distance from the carotid site above the 
499 suprasternal notch to the proximal edge of a thigh cuff over the femoral artery will be measured 
500 using a tape measure over the body area. The carotid and femoral pulse waves will be recorded 
501 simultaneously, and the femoral pulse wave requires the thigh cuff to be partially inflated. The 
502 PWV will then be automatically calculated as the ratio of the distance between the pulse 
503 measuring sites to the time delay between the carotid and femoral pulse waves. PWV will be 
504 recorded as the average of triplicate measurements.

505 Biomarkers of cardiovascular disease (CVD) risk:

506 Biomarkers of CVD risk will be assessed at weeks 1 and 34. The most recent blood test (within 
507 8 weeks of baseline and within 8 weeks of follow-up visit) will be retrieved from the medical 
508 records of each participant. Biomarkers of CVD risk will include total cholesterol, 
509 triglycerides, high-density lipoprotein, low-density lipoprotein, and haemoglobin A1c levels.

510 Sample size calculations

511 Sample size calculations were conducted for the primary outcome maximum walking distance 
512 during the six-minute walk test (6MWT) and the secondary outcome maximal walking time 
513 during the graded treadmill walking test. 

514 6MWT:

515 Previous studies that assessed the effects of post-revascularisation exercise therapy indicated a 
516 potential effect of 53.2 m with a standard deviation of 81 m for 6MWT distance (52,98). This 
517 would provide a medium effect size of 0.65. To establish this effect from baseline to week 8 
518 with 80% power and an alpha 0.05, 30 participants would be required in each group. Allowing 
519 for 10% dropout, 33 participants will be recruited in each group (total N=66).

520 Graded treadmill walking test: 

521 A previous study that assessed the effects of post-revascularisation exercise therapy indicated 
522 a potential effect of 5 minutes and 46 seconds with a standard deviation of 6 minutes and 13 
523 seconds for maximal walking time during the graded treadmill walking test (35). This would 
524 provide a large effect size of 0.89. To establish this effect from baseline to week 8 with 80% 
525 power and an alpha 0.05, 17 participants would be required in each group (total N=34). As this 
526 outcome of maximal walking time during the treadmill test is a secondary outcome, participants 
527 will be given the option to opt out of performing this test during the trial.
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528 Statistical analysis

529 Data analysis will follow the CONSORT statement for randomised-controlled trials (65). All 
530 data collected will be deidentified and coded throughout the trial. The data collected will 
531 remain coded for participant confidentiality purposes. Baseline data for the two groups will be 
532 provided using counts and percentages, and means and standard deviations (or non-parametric 
533 equivalents) for categorical variables. Furthermore, tables will show the outcome measures at 
534 weeks 8 and 34 and percent changes from baseline.

535 The primary analysis will be performed based on the intention-to-treat principle, where all 
536 participants will be analysed as per their allocation, regardless of the treatment they received. 
537 Non-adherence will be assessed through per-protocol analyses. Per protocol analysis will 
538 primarily include participants that attend at least 70% of the supervised CR exercise sessions 
539 (i.e., 9 exercise sessions overall) during the 6-week intervention period. The total number of 
540 supervised exercise sessions completed will be included in the analysis as a covariate. 

541 Statistical analyses will be conducted using the IBM SPSS software (SPSS Inc, Chicago, IL). 
542 The data will be tested for normality using the Shapiro-Wilk test and will be considered 
543 normally distributed when P > 0.05. Analyses will be conducted using analysis of variance 
544 (ANOVA) for repeated measures. The primary comparison will be change in maximum 
545 walking distance during the 6MWT from baseline to post intervention (week 8) in the CR 
546 versus the usual care group. Additional analyses will be performed from baseline to 6-month 
547 follow-up timepoint (week 34). As required, confounding variables (including comorbidities, 
548 age, sex, smoking behaviour, medications) will be adjusted for using analysis of covariance 
549 (ANCOVA). In all analyses, P < 0.05 will be considered statistically significant. Post-hoc 
550 analysis will be performed when a significant effect is present.

551 Data management

552 All data collected during the study will be coded and stored for a minimum of 15 years. 
553 Prospective participants will initially be assigned a screening number, and upon consent into 
554 the study they will be assigned a participant identification code. A coding log will be 
555 maintained and kept in a secure location (hard copy in locked cabinet and electronic copy on 
556 password protected file) in accordance with the International Council on Harmonisation Good 
557 Clinical Practice (GCP) guidelines, the study data management plan, and the data security 
558 policy of the University of the Sunshine Coast. The only personnel who will have access to 
559 participants’ individual identity are the Principal Investigator (CDA) and authorised project 
560 staff. Access to the coding log would only occur in the case where further medical history 
561 information is required in relation to a specific participant, in cases of emergency (e.g., to 
562 identify and contact next of kin), or during the investigation of any events (e.g., serious adverse 
563 event). 

564 All individual participant information will be de-identified in the reporting of data and resulting 
565 publications or presentations to fully protect the confidentiality of participants. Participants 
566 will be informed in the PICF that information or reports from the study will be prepared and 
567 will be submitted for publication. Participant information will normally be presented as group 
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568 data. If necessary, information obtained from specific individuals may be presented; however, 
569 names will not be used to identify the individuals. Participants will only be identified in such 
570 publications by an identification number and possibly their age and gender.

571 Adverse events

572 Information on all adverse events will be recorded immediately in the trial adverse event report 
573 form and in the appropriate case report form for the relevant participant. All clearly related 
574 signs, symptoms, and abnormal procedural results will be recorded. For all recorded adverse 
575 events, the Principal Investigator or delegate will determine the adverse event’s causality to the 
576 intervention and the severity or intensity of the event. The clinical course of each event will be 
577 followed until resolution, stabilisation, or until it has been determined that the study 
578 intervention or participation is not the cause. All logged events will be summarised and 
579 reported to the participant’s general practitioner and the relevant human research ethics 
580 committees and governance agencies as part of the reporting requirements. 

581

582 PATIENT AND PUBLIC INVOLVEMENT

583 No patient and public involvement.

584

585 ETHICS AND DISSEMINATION

586 This study has received ethics approval from the Human Research Ethics Committees (HREC) 
587 of Queensland Health Metro North Hospital and Health Service (94155), and the University of 
588 the Sunshine Coast (S231914). Any protocol amendments will be submitted to the 
589 aforementioned HREC for approval.  Findings from this study will be disseminated in peer-
590 reviewed journals and through national and international conference presentations.
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605 interpretation of the data or decision to submit this work for publication.
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Figure 1. Overview of the Saving Legs and Lives study. CR, cardiovascular rehabilitation; 6MWT, six-minute walk test; ABI, ankle-brachial blood 
pressure index; FMD, flow-mediated dilation; AIx, augmentation index; PWV, pulse wave velocity; WIQ, walking impairment questionnaire; ICQ, 
intermittent claudication questionnaire; CVD, cardiovascular disease; V̇O2peak, peak oxygen uptake. NB: Prior to randomisation participants will be stratified 
to account for type of procedure (e.g., open surgical vs endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). During weeks 1 and 
8 participants will carry out the assessments over two visits. The treadmill walking test and the cardiorespiratory fitness test will be conducted under medical 
supervision at the Clinical Investigations Unit of the Sunshine Coast University Hospital, and participants will be monitored with a continuous 12-lead 
electrocardiogram. *As the treadmill walking test and the cardiorespiratory fitness test are secondary outcomes participants will be given the option to opt 
out of performing those assessments. The remaining outcome measures will be conducted at the VasoActive laboratory at the University of the Sunshine 
Coast. At week 34 participants will make a single visit to the VasoActive laboratory. Participants will not undergo the treadmill test or the cardiorespiratory 
fitness test at week 34.
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CR (N=33)
Weeks 2 to 7
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• Disease-specific quality of life (ICQ)
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934 TABLES

935 Table 1. Schedule of participant enrolment, intervention, and assessment

MILESTONES ACTIVITY Screen Baseline (Pre-intervention) Post-intervention Follow-up

WEEK 0 1 8 34
VISIT (timepoint) 1 2 3 4 5 6

Patient identification XRECRUITEMENT

Pre-screen checklist for eligibility X
Consent X
Confirm eligibility X
Demographics and health history X

ENROLEMENT & 
SCREENING

Familiarisation with six-minute walk test X
RANDOMISATION Stratification & randomisation X
INTERVENTION Usual care plus community-based CR program (weeks 2 to 7)

CONTROL Usual care (weeks 2 to 7)
PRIMARY OUTCOME Six-minute walk test X X X

Treadmill walking test & cardiorespiratory fitness test with ECG* X X
Quality of life (WIQ, ICQ) X X X

SECONDARY 
OUTCOMES

Physical activity levels (7-day accelerometer, physical activity survey) X X X
Ankle-to-brachial systolic blood pressure index X X X
Brachial artery flow-mediated dilation assessment X X X
Arterial stiffness assessments (AIx, carotid-femoral artery PWV) X X X

EXPLORATORY 
OUTCOMES

Markers of CVD (total cholesterol, LDL, HDL triglycerides, HbA1c) X X

936 Note: All participants will continue to receive usual care and medical advice from their general practitioner (local doctor) and vascular surgeon, and they will be randomly allocation to a 
937 community-based cardiovascular rehabilitation program (intervention) or usual care group (control) for 6-weeks. Prior to randomisation participants will be stratified to account for type of 
938 procedure (e.g., open surgical vs endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). Outcome measures will be assessed at baseline (week 1), at the end of the 
939 intervention / usual care period (week 8) and again at 6-month follow-up (week 34). *As the treadmill walking test and the cardiorespiratory fitness test are secondary outcomes participants will 
940 be given the option to opt out of performing those assessments. For the post-intervention assessments at weeks 8 and 34, the assessment window may be extended by up to 7 days to accommodate 
941 unforeseen circumstances (e.g., participant illness). CR, cardiovascular rehabilitation; ECG, electrocardiogram; WIQ, walking impairment questionnaire; ICQ, intermittent claudication 
942 questionnaire; AIx, augmentation index; PWV, pulse wave velocity; CVD, cardiovascular disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, haemoglobin A1c. 
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943 Table 2. Cardiovascular rehabilitation exercise program
Treadmill walking Lower limb resistance exercises Upper body continuous movements / activities 

Week Walking bouts Bout duration Total time Exercise Sets Repetitions Total time Exercise Sets Duration Total time

1) Sit-to-stand 2 12 1) Upright rowing (dumbbells) 4 1 minute
2) Seated leg extensions 2 12 2) Arm cycling 3 1 minute1 5 2 minutes 10 minutes
3) Standing calf raises 1 12 

10 minutes
3) Ski ergometry 3 1 minute

20 minutes

1) Sit-to-stand 2 12 1) Upright rowing (dumbbells) 3 1 minute
2) Seated leg extensions 2 12 2) Arm cycling 2 1 minute2 7 2 minutes 14 minutes
3) Standing calf raises 2 12

12 minutes
3) Ski ergometry 2 1 minute

14 minutes

1) Sit-to-stand 2 12 1) Upright rowing (dumbbells) 2 1 minute
2) Seated leg extensions 2 12 2) Arm cycling 2 1 minute3 10 2 minutes 20 minutes
3) Standing calf raises 1 12 

10 minutes
3) Ski ergometry 1 1 minute

10 minutes

1) Sit-to-stand 2 12 1) Upright rowing (dumbbells) 2 1 minute
4 12 2 minutes 24 minutes

2) Standing calf raises 2 12
8 minutes

2) Arm cycling 2 1 minute
8 minutes

1) Sit-to-stand 2 12 1) Upright rowing (dumbbells) 2 1 minute
5 14 2 minutes 28 minutes

2) Standing calf raises 1 12
6 minutes

2) Arm cycling 1 1 minute
6 minutes

1) Sit-to-stand 1 12 1) Upright rowing (dumbbells) 2 1 minute
6 15 2 minutes 30 minutes

2) Standing calf raises 1 12
4 minutes

2) Arm cycling 1 1 minute
6 minutes

Intensity progression criteria Intensity progression criteria Program progression criteria

Adjust speed and/or gradient of treadmill to increase the power output by 
10 watts for the next walking bout if: 

• Participant completes walking bout without reaching near-
maximal claudication pain (number 3-4 on claudication pain 
scale) or rate of perceived exertion on Borg scale is less than 3 
(out of 10) by the end of the walking bout.

Increase repetitions and/or weight for the next set if:
• Participant is able to perform 12 repetitions with ease and 

optimal exercise technique
• Exercise does not induce moderate to near-maximal 

claudication pain or rate of perceived exertion is less than 
3 (out of 10) by the end of the set

Adjust speed and/or gradient of treadmill to decrease the power output by 
10 watts for the next walking bout if:

• Participant fails to complete walking bout 
• Heart rate exceeds 90% of predicted maximum heart rate for 

30 seconds
• Rate of perceived exertion is 8 or higher (out of 10)

Note: If the participant fails to complete a walking bout, provide up to 30 
seconds of rest or rest up to the end of the bout and then resume exercise 
program.

Decrease repetitions and/or weight for the next set if:
• Participant is unable to complete the set with optimal 

exercise technique
• Rate of perceived exertion is 8 or above (out of 10)

The aim of the upper body activities / exercises is to provide a break in between 
treadmill walking and lower limb resistance exercises.

• To progress the exercise program, reduce upper body activity time and 
increase treadmill walking time

• To regress the exercise program, reduce treadmill walking time and 
increase upper body activity time

944
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Figure 1. Overview of the Saving Legs and Lives study. CR, cardiovascular rehabilitation; 6MWT, six-minute walk test; ABI, ankle-brachial blood 
pressure index; FMD, flow-mediated dilation; AIx, augmentation index; PWV, pulse wave velocity; WIQ, walking impairment questionnaire; ICQ, 
intermittent claudication questionnaire; CVD, cardiovascular disease; V̇O2peak, peak oxygen uptake. NB: Prior to randomisation participants will be 
stratified to account for type of procedure (e.g., open surgical vs endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). During 
weeks 1 and 8 participants will carry out the assessments over two visits. The treadmill walking test and the cardiorespiratory fitness test will be conducted 
under medical supervision at the Clinical Investigations Unit of the Sunshine Coast University Hospital, and participants will be monitored with a 
continuous 12-lead electrocardiogram. *As the treadmill walking test and the cardiorespiratory fitness test are secondary outcomes participants will be 
given the option to opt out of performing those assessments. The remaining outcome measures will be conducted at the VasoActive laboratory at the 
University of the Sunshine Coast. At week 34 participants will make a single visit to the VasoActive laboratory. Participants will not undergo the treadmill 
test or the cardiorespiratory fitness test at week 34.
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32 ABSTRACT: 

33 Introduction: Peripheral artery disease (PAD) is an atherosclerotic condition characterised by 
34 stenosis or occlusion of the arteries in the lower limbs. Patients with PAD commonly report 
35 intermittent claudication (leg pain/discomfort) during physical activities, which significantly 
36 limits the ability to walk and perform activities of daily living. Supervised exercise training is 
37 an effective therapy that can improve walking capacity in people with PAD. Emerging 
38 evidence also suggests that supervised exercise therapy following lower limb revascularisation 
39 can further enhance walking capacity when compared with revascularisation alone. However, 
40 access to dedicated exercise programs for patients with PAD is limited in most countries, and 
41 there is a need to test the efficacy of alternative rehabilitation strategies and referral pathways. 
42 This randomised-controlled study aims to assess the efficacy of a cardiovascular rehabilitation 
43 program versus usual care on walking capacity and quality of life in patients who have 
44 undergone lower limb revascularisation for PAD.

45 Methods and analysis: This will be a single-centre, prospective, parallel group, randomised-
46 controlled trial. Sixty-six participants who have undergone a lower limb revascularisation 
47 procedure for PAD, in the previous 12 months will be randomly allocated to a cardiovascular 
48 rehabilitation program or a usual care (control) group. The cardiovascular rehabilitation 
49 program will include two supervised exercise sessions per week for 6 weeks primarily 
50 consisting of intermittent treadmill walking at a moderate exercise intensity, and  home-based 
51 walking advice. During the 6-week program, participants will also attend one education 
52 seminar (5.5 hours) which will cover topics such as diet, medications, exercise training, and 
53 lifestyle modifications for the management of cardiovascular diseases. The control group will 
54 receive usual care and medical advice from their local doctor and vascular surgeon. The 
55 primary outcome will be 6-minute walk distance. Secondary outcomes include pain-free 
56 walking distance during the 6-minute walk test, maximal and pain-free walking time during a 
57 graded treadmill walking test, cardiorespiratory fitness, self-reported walking capacity, 
58 disease-specific quality of life, and self-reported and objectively measured physical activity 
59 levels. Exploratory outcomes include brachial artery flow-mediated dilation, arterial stiffness, 
60 ankle-brachial blood pressure index, and biomarkers of cardiovascular disease risk. Outcomes 
61 will be assessed at baseline (week 1), following the cardiovascular rehabilitation / usual care 
62 period (week 8), and again at 6-month follow-up (week 34).

63 Ethics and dissemination: This study has received ethics approval from the Human Research 
64 Ethics Committees (HREC) of Queensland Health Metro North Hospital and Health Service 
65 (94155), and the University of the Sunshine Coast (S231914). Findings from this study will be 
66 disseminated in peer-reviewed journals and through national and international conference 
67 presentations.

68 Trial registration number: ACTRN12623000190606

69

70
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71 STRENGTHS AND LIMITATIONS OF THIS STUDY:

72 • A world-first randomised-controlled trial investigating the efficacy of cardiovascular 
73 rehabilitation (CR) compared to usual care on 6-minute walk distance in people who 
74 have undergone lower limb revascularisation for peripheral arterial disease (PAD).
75 • This study will test the implementation of current PAD exercise guidelines into a real-
76 world community-based CR setting.
77 • The primary outcome of this study, 6-minute walk distance, is an important clinical 
78 endpoint which correlates with mortality and morbidity rates in people with PAD.
79 • This study includes a large number of outcome measures aiming to assess the efficacy 
80 of CR on walking capacity, cardiorespiratory fitness, disease-specific quality of life, 
81 accelerometer-derived physical activity, and cardiovascular function.
82 • The same investigators who will deliver the CR program will also be involved in the 
83 collection of outcome data. While it is not feasible to blind participants and 
84 investigators to group allocation in an exercise intervention study, all data analysis will 
85 be undertaken in blinded fashion using coded data.
86
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105 INTRODUCTION:

106 Peripheral artery disease (PAD) is an atherosclerotic condition characterised by stenosis or 
107 occlusion of the arteries of the lower limbs. Worldwide, PAD affects over 230 million adults 
108 and its prevalence is expected to further increase over the coming years due to the ageing of 
109 the population (1). People with PAD are limited by intermittent claudication (leg 
110 pain/discomfort) which significantly impairs walking capacity, physical activity levels and 
111 quality of life (2–4). Reduced walking capacity and physical inactivity further contribute to the 
112 elevated risk of secondary cardiovascular events (stroke, myocardial infarction, cardiovascular 
113 death) and associated hospitalisation (5–8).

114 The initial treatment for PAD includes medical management of symptoms and cardiovascular 
115 disease risk factors with pharmacotherapies and lifestyle modification (9). In patients with 
116 advanced PAD, including limiting claudication or chronic limb-threatening ischemia, lower 
117 limb revascularisation procedures are indicated to restore blood flow and ‘save’ the affected 
118 limb (9). Lower limb revascularisation procedures are associated with improvements in limb 
119 blood flow (10), walking capacity (11), and quality of life (12,13). However, despite 
120 improvements in limb blood flow, the improvements in walking capacity are generally only 
121 modest after lower limb revascularisation (~60% improvement) when compared with exercise 
122 therapy (~110%) (14). Furthermore, the benefits of revascularisation for walking capacity and 
123 quality of life are short-lived, with prospective studies reporting deteriorations in walking 
124 capacity as early as 12 months after revascularisation (15–17). Reintervention rates are also 
125 high in people with PAD with a meta-analysis of 52 studies (N=6,769 patients) reporting a 
126 reintervention rate of 18.2% (95%CI 14.5 – 22.6) at 12 months following endovascular 
127 revascularisation (18). This highlights an important limitation of lower limb revascularisation 
128 procedures for the long-term durability, and improvement of walking capacity in patients with 
129 PAD.

130 Supervised exercise is an effective therapy that is widely recommended in several international 
131 guidelines for the management of patients with PAD (9,19–22). A large body of evidence 
132 suggests that supervised exercise programs, incorporating aerobic and resistance exercises of 
133 the lower limbs, improve walking capacity (23–25), physical activity levels (26,27) and quality 
134 of life (28,29) in patients with PAD. A commonly used assessment of walking capacity for 
135 patients with PAD is the 6-minute walk test; and evidence shows gains in 6-minute walk 
136 distance ranging between 45-80 meters following supervised exercise programs (26,30–34). 
137 Beyond the recommendation that supervised exercise should be included as part of the initial 
138 treatment of PAD, there is emerging evidence that outcomes following lower limb 
139 revascularisation can also be enhanced when combined with exercise therapy (35–37). This 
140 aligns with a recent systematic review that reported significant improvements in maximum 
141 walking distance (mean difference range: 82-321 m) and pain-free walking distance (mean 
142 difference range: 38-408 m) favouring a combined therapy approach over supervised exercise 
143 training or revascularisation alone (38). Post-revascularisation exercise therapy has also been 
144 associated with reduction in the need for reintervention when compared with revascularisation 
145 (39) or supervised exercise therapy alone (odds ratio 0.19 [95%CI 0.09 – 0.40] P<0.0001) (40).
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146 Despite this strong evidence supporting the benefits of supervised exercise therapy, access to 
147 dedicated exercise programs is very limited for patients with PAD. Previous studies report that 
148 as few as 43-48% of vascular units in the United States and the United Kingdom have access 
149 to dedicated supervised exercise programs for the referral of patients with PAD (41,42). 
150 Similarly, a survey of 378 vascular surgeons across 43 European countries reported that only 
151 30% (N=115/378) of surgeons have access to supervised exercise programs for the referral of 
152 patients with PAD (43). This highlights a need for alternative rehabilitation strategies and 
153 referral pathways to increase the access to supervised exercise therapy for patients with PAD.

154 Cardiovascular rehabilitation is a well-established multidisciplinary approach for the care and 
155 rehabilitation of patients with heart disease, particularly those recovering from myocardial 
156 infarction or cardiac surgery (44). Cardiovascular rehabilitation (CR) programs typically 
157 consist of supervised exercise training, dietary and lifestyle advice, psychological support, and 
158 education on the management of cardiovascular disease risk factors. Studies report that CR 
159 programs are cost-effective for improving functional capacity, physical activity levels and 
160 quality of life, and reducing the risk of secondary cardiovascular events in patients with cardiac 
161 diseases (45–48). While CR programs are widely accessible in most countries, patients with 
162 PAD are historically seen as out of scope and are not usually referred for CR (44,49). To date 
163 very few studies have investigated the effectiveness of routine CR for patients with PAD (50–
164 55). Most of these studies have been limited to the investigation of patients with coronary artery 
165 disease referred for CR who also had PAD as a comorbidity (51–54). In Canada, of 23,215 
166 patient referrals with coronary artery disease, 5.9% (N=1,366 patients) were identified as 
167 having a comorbidity of PAD (51). The identified patients with PAD had significantly impaired 
168 cardiorespiratory fitness and a lower 10-year survival rate when compared with patients 
169 without PAD. Importantly, this study demonstrated that completion of CR led to significant 
170 reductions in mortality rate (adjusted hazard ratio 0.62 [95%CI 0.57 – 0.67]) in patients with 
171 PAD, when compared with patients who did not attend CR (51).

172 Recently, a small (N=20 participants), non-randomised pilot study of CR in patients who had 
173 undergone lower limb revascularisation for PAD, reported that CR was safe and feasible, and 
174 led to greater improvements in 6-minute walk distance (mean difference: 53 m; P=0.04) when 
175 compared with usual care (56). These findings highlight the potential for CR to be used as a 
176 standard referral pathway for patients with PAD who are recovering from a lower limb 
177 revascularisation procedure. To test this, we will conduct a randomised-controlled trial to 
178 assess the efficacy of a 6-week community-based CR program versus usual care on walking 
179 capacity and quality of life in patients who have recently (< 12 months) undergone lower limb 
180 revascularisation for PAD. 

181 Primary aim

182 To assess the efficacy of a 6-week community-based CR exercise program versus usual care 
183 on 6-minute walk distance in patients who have recently (< 12 months) undergone lower limb 
184 revascularisation for PAD.

185 Secondary aims
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186 To assess the efficacy of a 6-week community-based CR exercise program on: 1) pain-free 
187 walking distance during the 6-minute walk test, 2) maximal walking time and pain-free walking 
188 time during a graded treadmill walking test, 3) cardiorespiratory fitness measured as peak 
189 oxygen uptake during a graded treadmill walking test, 4) disease-specific quality of life and 
190 self-reported functional capacity, and 5) self-reported and objectively measured physical 
191 activity levels.

192 Exploratory aims

193 To assess the efficacy of a 6-week community-based CR exercise program on: 1) brachial 
194 artery flow-mediated dilation, 2) arterial stiffness (augmentation index, carotid-femoral artery 
195 pulse wave velocity), 3) ankle-brachial blood pressure index, and 4) circulating biomarkers of 
196 cardiovascular disease risk.

197

198 METHODS AND ANALYSIS

199 Study design and overview

200 An overview of the study is shown in Figure 1. This is a single centre, prospective, parallel-
201 group, randomised-controlled trial conducted at the University of the Sunshine Coast and the 
202 Sunshine Coast University Hospital (Australia). Patients with PAD who have recently ( < 12 
203 months) undergone a lower limb revascularisation procedure will be identified and randomly 
204 allocated to either usual care or usual care plus a 6-week community-based CR program (N=33 
205 per group; refer to power and sample size estimate). Participants allocated to the usual care 
206 group will receive usual care and medical advice from their local doctor and vascular surgeon. 
207 The community-based CR program will comprise two supervised exercise sessions per week 
208 for 6 weeks, home-based exercise advice, and an education seminar (5.5 hours). The CR 
209 program will be delivered by the Cardiovascular Rehabilitation Service of the Sunshine Coast 
210 University Hospital. Primary, secondary, and exploratory outcomes will be assessed at baseline 
211 (week 1), after the completion of the CR program / usual care period (week 8) and again 6 
212 months after the completion of the CR program / usual care period (week 34). Maximal exercise 
213 assessments such as graded treadmill walking tests will be conducted at the Clinical 
214 Investigations Unit at the Sunshine Coast University Hospital to facilitate access to medical 
215 supervision. Other outcome measures will be conducted at the VasoActive Laboratory at the 
216 University of the Sunshine Coast. As per Standard Protocol Items: Recommendations for 
217 Interventional Trials (SPIRIT), a schedule of participant enrolment, intervention and 
218 assessments is presented in Table 1 (57). The study commenced in April 2024, and data 
219 collection is planned to be completed in January 2026.
220
221
222

Page 6 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
5 D

ecem
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089203 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

BMJ Open

Page 7

223 Participants & eligibility criteria

224 Potential participants will be identified from the Sunshine Coast region through: 1) an existing 
225 database of participants who have previously provided consent to be contacted, 2) collaborating 
226 vascular surgery clinics including the Sunshine Coast University Hospital, and 3) community 
227 sources and advertising.

228 Participants will be eligible to participate in the study if they: 

229 1. Are 18 years of age or older and have a formal diagnosis of PAD made by a vascular 
230 surgeon.
231 2. Have undergone a lower limb revascularisation procedure (endovascular procedure, 
232 open surgical procedure or hybrid procedure) in the previous 12 months.
233 3. Have clearance to participate from their treating vascular surgeon, including 
234 verification that they have adequately recovered from any lower limb revascularisation 
235 procedure.
236 4. Can understand and communicate in English sufficient to provide informed consent.

237 Participants will be excluded from participation if they meet any of the following criteria:

238 1. Unable to walk independently (e.g., depend on assistance from a walking aid).
239 2. Previous lower limb amputation or current tissue necrosis (ulceration or gangrene) that 
240 limits the ability to undertake walking tests. 
241 3. Deemed not eligible to participate in CR by the CR clinical staff as per standard 
242 contraindications for exercise (58). These contraindications include unstable angina, 
243 acute heart failure, recent cerebrovascular event, uncontrolled resting hypertension, 
244 symptomatic hypotension, uncontrolled diabetes, uncontrolled sinus tachycardia, 
245 uncontrolled/complex arrythmias.
246 4. Currently participating in a supervised exercise rehabilitation program.
247 5. Terminal illness or other medical condition or planned treatment that may affect the 
248 ability to participate in or complete the trial.

249 Intervention

250 Eligible participants will be randomised in equal proportions (1:1) to one of the study groups.

251 1. Usual care (control group).

252 2. Usual care plus a 6-week community-based CR program (intervention group).

253 Usual care

254 All participants will continue to receive usual care and medical advice from their local doctor 
255 and vascular surgeon throughout the study. Usual care for PAD may include management of 
256 cardiovascular disease risk factors with lifestyle modifications (e.g., smoking cessation, dietary 
257 modifications) and pharmacotherapies (9). While usual care for PAD will not be altered by this 
258 protocol, upon consent to the study each participant’s local doctor and vascular surgeon will 
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259 be contacted to request to provide their best possible medical care throughout the study. 
260 Furthermore, in order to assess the efficacy of the CR program, each participant’s local doctor 
261 and vascular surgeon will be requested to refrain from giving specific advice regarding exercise 
262 until the completion of the study.

263 Usual care plus community-based CR program

264 In addition to usual care, participants who are randomised to the community-based CR program 
265 will be referred to the CR program of the Sunshine Coast Hospital and Health Service. The CR 
266 program will be delivered at a community fitness facility (The Sports Hub, Bokarina, QLD 
267 4575, Australia). The CR program will be structured in accordance with current exercise 
268 recommendations for people with PAD (9,19–22). The CR program will include twelve 60-
269 minute sessions of supervised exercises, delivered twice per week over a period of 6 weeks, 
270 and one education seminar (5.5 hours with breaks). While the recommended duration of 
271 supervised exercise training for patients with PAD is 12 weeks (19,20), improvements in 
272 walking capacity are reported after 3-6 weeks (59–61). Furthermore, the recommended 
273 duration for CR ranges between 6-12 weeks (62). To ensure outcomes are applicable to a wide 
274 range of CR programs, the minimum duration for CR was selected (i.e., 6 weeks). During the 
275 6-week CR program participants will also be provided with exercise guidelines and advice to 
276 complete at least three home-based walking sessions per week. Following the completion of 
277 the CR program, participants will be provided with individualised exercise and physical 
278 activity advice with the goal to meet the recommended 150-300 minutes of moderate intensity 
279 physical activity levels per week (58).

280 The program exercise sessions will be supervised by CR staff (nurses, exercise physiologist) 
281 and research personnel. The research personnel will be responsible for the prescription and 
282 progression of the exercises. As outlined in the Supplementary Table 1, the supervised exercise 
283 sessions will primarily consist of bouts of intermittent treadmill walking that are interspersed 
284 by periods of upper body activity and lower limb resistance exercises. Each supervised exercise 
285 session will last for 60 minutes, including a warm-up and a cool-down (10 minutes each). The 
286 total duration of treadmill walking for each session will be 10 minutes (e.g., 5 x 2-minute bouts) 
287 at the beginning of the program (i.e., week 1) and will progress to 30 minutes (e.g., 15 x 2-
288 minute bouts) by the end of the program (i.e., week 6). The total duration of upper body and 
289 lower limb resistance training for each session will begin at 30 minutes (e.g., 15 x 2-minute 
290 bouts) at the beginning of the program and will decrease to 10 minutes (e.g., 5 x 2-minute 
291 bouts) by the end of the program. Exercise intensity and severity of claudication pain will be 
292 monitored with the modified rate of perceived exertion Borg scale and the intermittent 
293 claudication pain scale, respectively (63,64). Participants will be instructed to exercise at 
294 moderate to near-maximal claudication pain thresholds (i.e., 3/4 on claudication scale) or if 
295 asymptomatic, exercise at a moderate exercise intensity (i.e., 3/10 on Borg scale) (19,65). The 
296 initial exercise intensity will be individually prescribed based on the exercise workload 
297 achieved during the baseline exercise tests (e.g., workload achieved at stage prior to treadmill 
298 test cessation). 
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299 The home-based walking sessions will also align with the current PAD exercise 
300 recommendations (9,19–22). Participants will be provided with individualised weekly walking 
301 goals which will be set and reviewed by the study team. During the home-based walking 
302 sessions, participants will be instructed to complete intermittent bouts of walking separated by 
303 periods of rest. Participants will be instructed to complete their walking sessions outdoors (e.g., 
304 local neighbourhood and parks). Similar to the supervised exercise sessions, the total duration 
305 of walking for each home-based session will begin at 10 minutes (e.g., 5 x 2-minute bouts) at 
306 the beginning of the program (i.e., week 1) and will progress to 30 minutes (e.g., 15 x 2-minute 
307 bouts) by the end of the program (i.e., week 6). The total period of rest for each home-based 
308 walking session will be 20 minutes at the beginning of the program (e.g., 10 x 2-minute bouts) 
309 and will decrease until participants are able to walk continuously for 30 minutes. Exercise 
310 intensity and severity of claudication pain will be self-monitored using the modified rate of 
311 perceived exertion Borg scale, and the intermittent claudication pain scale (63,64). Participants 
312 will be instructed to walk at moderate to near-maximal claudication pain thresholds (i.e., 3/4 
313 on claudication scale) or if asymptomatic, walk at a moderate exercise intensity (i.e., 3/10 on 
314 Borg scale) (19,65). Participants will be provided with a diary to record their home-based 
315 walking sessions.

316 Participants in the CR program will attend one education seminar (5.5 hours with breaks) 
317 during the 6-week CR program. The education seminar will be delivered by health specialists 
318 (e.g., nurse, dietitian, psychologist, exercise physiologist) and will cover topics such as diet, 
319 medications, exercise training, physical activity, and lifestyle modifications for the 
320 management and prevention of cardiovascular diseases. The seminar information will be based 
321 on the current Australian guidelines for the management of acute coronary syndromes (66–68).

322 Adherence

323 Strategies are incorporated into the protocol to promote and monitor adherence to the study 
324 intervention. The importance of attending the weekly supervised exercise sessions and 
325 accumulating the recommended weekly amount of exercise and physical activity levels will be 
326 explained to the participants in the participant information and consent form (PICF) and upon 
327 starting the CR program. Participants will also be provided with individualised weekly goals 
328 for the supervised and the home-based exercise sessions which will be set and reviewed by the 
329 study team. Adherence to the supervised and home-based exercise sessions will be assessed by 
330 recording the number of exercise sessions that participants complete each week against the 
331 goal/target for that specific week. Participants will keep a daily diary to record their home-
332 based exercise sessions that they complete during the 6-week CR program. Attendance to the 
333 education seminar will be assessed using an attendance checklist. The assessment of protocol 
334 adherence for the purpose of statistical analysis is described in the statistical analysis section.

335 Screening and enrolment (visit 1)

336 Prior to screening assessments, participants will be required to provide their informed consent 
337 to participate in the study which will occur at the commencement of the initial study visit (visit 
338 1). A trained study staff member authorised by the Principal Investigator will take the 
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339 participant through the information sheet and obtain informed consent. All participants will be 
340 fully informed of the potential risks and benefits of the study. Participants will be screened for 
341 co-morbidities and cardiovascular risk factors prior to inclusion in the study. During this visit, 
342 prescribed medications will be captured, and anthropometric measurements (e.g., height, 
343 weight) and resting blood pressure will be conducted. Participants will also be familiarised 
344 with the 6-minute walk test to minimise test variability. 

345 Randomisation and blinding

346 Following baseline outcome measures (i.e., visit 3), participants will be randomly allocated to 
347 either the usual care group (N=33) or the usual care plus community-based CR exercise group 
348 (N=33). To ensure allocation concealment, randomisation will be generated using a secure, 
349 independent web-based randomisation system (SealedEnvelope.com). Prior to randomisation, 
350 participants will be stratified to account for type of procedure (e.g., open surgical vs 
351 endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). This will allow 
352 stratification of participants who have recently undergone a revascularisation procedure (< 12 
353 weeks) from those who have undergone a revascularisation procedure more than 12 weeks ago 
354 and have fully resumed normal activities of daily living, recreation, and work activities. Block 
355 randomisation, using random block sizes of two to four participants will be used to ensure that 
356 group allocation at any point in time remains similar. Enrolment, allocation, follow-up, and 
357 final analysis will be conducted and reported in accordance with the Consolidated Standards 
358 of Reporting Trials (CONSORT) statement for randomised clinical trials (69).

359 The same investigators who will deliver the CR program will also be involved in the collection 
360 of outcome data. Therefore, participants and data collectors will not be blinded to group 
361 allocation. While it is not feasible to blind participants and investigators to group allocation in 
362 an exercise intervention study, all data analysis will be undertaken in blinded fashion using 
363 coded data.

364 Outcome measures and procedures

365 As outlined in Table 1, primary, secondary, and exploratory outcomes will be assessed at 
366 baseline (week 1), after the completion of the 6-week CR program / usual care period (week 8) 
367 and again 6 months after the completion of the CR program / usual care period (week 34). 
368 During weeks 1 and 8, participants will carry out the assessments over two visits to ensure that 
369 participants are sufficiently recovered between walking tests. As the treadmill test is a 
370 secondary outcome measure, participants will be given the option to opt out of performing this 
371 test. The treadmill test requires participants to walk until maximal exertion. Although this is an 
372 important outcome measure, only 34 participants are required to establish an effect (refer to 
373 power and sample size estimate). Therefore, participants who are unwilling to exert themselves 
374 to maximal effort, or those who are unable to maintain the walking speed of the treadmill will 
375 be given the option to opt out of this test. At 6-month follow-up (week 34) participants will 
376 make a single visit for the assessment of the 6-minute walking test, quality of life, self-reported 
377 functional capacity, physical activity levels, vascular function, and biomarkers of 
378 cardiovascular disease risk. The 6-month follow-up visit aims to provide an indication of 
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379 longer-term durability of the effect of CR following revascularisation. For the post-intervention 
380 and follow-up assessments at weeks 8 and 34, the assessment window may be extended by up 
381 to 7 days to accommodate unforeseen circumstances (e.g., participant illness). 

382 Primary outcome

383 Six-minute walk test (6MWT):

384 The 6MWT will be conducted at weeks 1, 8, and 34. Change in 6-minute walk distance between 
385 baseline and week 8 is the primary outcome for the study. Change in the pain-free walking 
386 distance during the 6MWT is a secondary outcome measure.

387 As per standard procedures, a course of 30 meters length is marked out in a covered area at 
388 least 2 meters in width, with a cone at each end (70). Chairs are also placed every 10 meters 
389 along the course so that participants can sit and rest during the test if needed. Participants will 
390 be asked to walk up and down the course for 6 minutes and to complete as many laps and cover 
391 as much distance as possible in that time. Participants will be asked to indicate to the test 
392 supervisor when the onset of claudication occurs, and then to rate the severity of their 
393 claudication/discomfort using a hand-signal at the completion of each lap (i.e., every 60 meters) 
394 using the claudication rating scale (64). During the test, heart rate will be continually monitored 
395 with a heart rate monitor and recorded at the end of each lap. During the test, participants can 
396 stop walking and rest if their claudication pain becomes intolerable; however, the timing 
397 continues and participants are requested to resume walking as soon as possible. At the end of 
398 the test, the number and timing of any rest breaks, the time and distance to the onset of 
399 claudication (pain-free walking distance) and the total distance walked (6-minute walk 
400 distance) are recorded. At the end of the test, participants will be asked to provide a rating of 
401 their general exertion using the modified rate of perceived exertion Borg Scale (63).

402 Walking capacity measured during the 6MWT has been chosen as the primary outcome as it 
403 has excellent test-retest reliability (interclass correlation coefficient = 0.970, 95% confidence 
404 intervals 0.950 to 0.981, N=173) (71), and it correlates strongly with a range of relevant clinical 
405 outcomes including physical activity (72), patient-reported outcomes, as well as cardiovascular 
406 morbidity and mortality associated with PAD (7). Based on this strong reliability, a reported 
407 advantage of the 6MWT for clinical trials is that there is no learning effect (73). Nonetheless, 
408 participants will be familiarised with the 6MWT prior to the baseline assessment in the current 
409 study. This approach is consistent with recommended practice and reporting of performance 
410 outcomes for clinical trials in patients with PAD (74). The minimal clinically important 
411 difference (MCID) for 6-minute walk distance has been established for people with and without 
412 PAD. Based on the change in 6-minute walk distance with exercise therapy and the 
413 corresponding change in reported physical function, the MCID thresholds are 12 meters (small 
414 effect), 32 meters (moderate effect), and 34 meters (large effect) (75).

415 Secondary outcome measures

416 Graded treadmill walking test:
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417 The graded treadmill walking test including measures of maximum walk time and pain-free 
418 walking time will be performed at weeks 1 and 8. The Gardner-Skinner protocol will be used, 
419 which was specifically developed for the assessment of walking capacity in patients with PAD 
420 (76,77). The treadmill will start at 3.2 km/h at a 0% incline, and then every 2 minutes the 
421 gradient of the treadmill will increase by 2%. Adjustments will be made to the treadmill 
422 protocol using standardised procedures for participants who are unable to maintain the 3.2 km/h 
423 treadmill speed. The treadmill test will be conducted and supervised by an exercise 
424 physiologist, a cardiac technician, and a medical doctor. During the test participants will be 
425 monitored with a continuous 12-lead electrocardiogram, and heart rate and blood pressure will 
426 be measured and recorded at the end of each stage (i.e., every 2 minutes). At the end of the test, 
427 participants will be asked to rate the severity of their claudication pain in each leg using the 
428 claudication scale, and to provide a rating of their general exertion using the modified rate of 
429 perceived exertion Borg scale (63). The MCID values for small, moderate and large changes 
430 in maximum treadmill walking time after supervised exercise training are 121, 141, and 241 
431 (seconds), respectively, in patients with PAD (75). 

432 Cardiorespiratory fitness:

433 Cardiorespiratory fitness (peak oxygen uptake) will be assessed during the graded treadmill 
434 walking test at weeks 1 and 8. Cardiorespiratory fitness is a strong predictor of cardiovascular 
435 disease and all-cause mortality rates in patients with PAD (78,79). Oxygen uptake (V̇O2) will 
436 be continuously measured with a portable V̇O2 system (K5, COSMED, Italy), and a breath-by-
437 breath gas exchange and ventilation face mask. Peak oxygen uptake will be determined as the 
438 highest 15-second average during the final 60 seconds of peak exercise. 

439 Quality of life:

440 Disease-specific quality of life will be assessed using the Intermittent Claudication 
441 Questionnaire (ICQ) at weeks 1, 8 and 34. The ICQ is a self-administered tool consisting of 16 
442 items that focus on limitations imposed by claudication while performing various tasks, such 
443 as walking specific distances or performing activities of daily living (80). The instrument is 
444 scored by summing the patient responses to individual items, which are all equally weighted, 
445 and transformed to a 0 to 100 composite score, where 0 is the best score. The composite score 
446 will be calculated and used as the outcome for analysis.

447 Self-reported walking capacity:

448 Self-reported walking capacity will be assessed using the Walking Impairment Questionnaire 
449 (WIQ) at weeks 1, 8 and 34. The WIQ is a PAD-specific measure of self-reported difficulty 
450 during walking with 3 domains: walking distance, walking speed, and stair climbing (81). Each 
451 domain is scored on a scale from 0 to 100 (100 indicating the best possible score). A small, 
452 moderate, and large MCID for each of the three WIQ domain scores are: 6, 14, 23 for walking 
453 distance; 4, 11, 18 for walking speed; and 6, 15, 23 for stair climbing, respectively (75). 

454 Physical activity levels:
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455 Objectively assessed physical activity: Free living physical activity levels will be objectively 
456 assessed using a GT9XActiGraph accelerometer (ActiGraph, Pensacola, FL, USA) at weeks 1, 
457 8 and 34. Participants will be instructed to wear the device on their non-dominant wrist for 7 
458 full days at each assessment point (82). At the end of the recording period, the accelerometer 
459 is removed by the participant and returned to the research team (in person or by reply-paid 
460 delivery) for data upload, quality assurance and analysis. The ActiGraph accelerometer will be 
461 initialised to collect raw data at 100 Hz (83). The in-built inclinometer will also enable the 
462 assessment of body position (i.e., sitting/lying vs standing). At each assessment period, a 
463 minimum wear-time criteria of 4 days and 600 minutes per day will be applied (84). The 
464 ActiLife software (version 6.13.5; AcriGraph LLC) will be utilised to process the raw data to 
465 create 60-second epochs (83). The data will be processed using the Choi algorithm within the 
466 ActiLife software to define wear and non-wear minutes (85). The primary outcome measure of 
467 physical activity will be steps per day. Other outcome measures will include sedentary time, 
468 and time spent (mins/day) engaging in light, moderate and vigorous physical activity. During 
469 the 7-day monitoring period, participants will also keep a brief daily physical activity diary to 
470 record periods of sleep, work, non-wear time, and structured exercise that are essential for 
471 analysis and cannot be inferred from the monitor data alone. The ActiGraph accelerometer has 
472 been reported to be reliable and valid in the assessment of walking, body posture, and sedentary 
473 behaviour during free-living activity (86–88), and when used in patients with PAD (89–91). 
474 The MCID values for small, moderate and large changes in total daily steps after supervised 
475 exercise training are 569, 1,423 and 2,277 (steps/day), respectively, in patients with PAD (92). 

476 Self-reported physical activity: Self-reported physical activity levels will be assessed using the 
477 International Physical Activity Questionnaire for elderly (IPAQ-E) at weeks 1, 8 and 34. The 
478 IPAQ-E is a self-reported questionnaire which has been validated for use for individuals over 
479 the age of 65 (93). The IPAQ-E consists of questions about frequency (days per week) and time 
480 (minutes per day) spent sitting, walking, and performing physical activities of moderate and 
481 vigorous intensity. All self-reported activity domains (sitting, walking, moderate and vigorous 
482 physical activities) have been reported to positively correlate with corresponding variables 
483 objectively assessed by accelerometers (93). 

484 Exploratory outcomes

485 Ankle to brachial blood pressure index (ABI):

486 The ABI of both legs will be measured at weeks 1, 8 and 34. After resting in a supine position 
487 for 10 minutes, brachial and ankle blood pressures will be measured.  Brachial blood pressures 
488 will be measured in both arms using an automated blood pressure monitor (94). Systolic blood 
489 pressure of the dorsalis pedis artery and posterior tibial artery at the left and right ankles will 
490 also be measured using a manual cuff sphygmomanometer and handheld 5-7 MHz Doppler 
491 ultrasound probe. The average of the closest two recordings at each artery will be recorded. 
492 The ABI for each leg will be calculated by dividing the higher dorsalis pedis artery or posterior 
493 tibial artery value by the highest brachial artery value obtained from either side (59). 

494 Brachial artery flow-mediated dilation (FMD):
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495 Brachial artery FMD will be measured in response to a reactive hyperaemia test (cuff 
496 occlusion) at weeks 1, 8 and 34. Brachial artery FMD is an independent predictor of 
497 cardiovascular events in patients with PAD (95). As per standard procedures (96), brachial 
498 artery FMD will be measured with participants in the supine position after 10 minutes of rest. 
499 This measurement will involve a rapid inflation of a pressure cuff positioned at the forearm. A 
500 10-MHz multi-frequency linear array probe, attached to a high-resolution ultrasound machine 
501 (Terason, Burlington, US) will be used to image the brachial artery (2 cm proximal to the 
502 elbow). The ultrasound settings will be optimised for each individual and will be kept constant 
503 between all assessments. Continuous Doppler velocity will also be obtained using the 
504 ultrasound at an insolation angle of 60°. Following baseline assessments, reactive hyperaemia 
505 will be induced by inflating the cuff to 200 mmHg for 5 minutes. Artery diameter and flow 
506 recordings will resume 30 seconds before cuff deflation and continue for 3 minutes thereafter 
507 (97). Brachial artery FMD will be expressed as a relative change (percent change) in peak 
508 arterial diameter from baseline (pre cuff inflation) to post cuff deflation. The analysis of the 
509 brachial artery FMD will be undertaken using a continuous edge-detection and wall-tracking 
510 software.

511 Arterial stiffness:

512 Arterial stiffness outcomes incorporate measures of augmentation index (AIx) and carotid-
513 femoral artery pulse wave velocity (PWV) and will be assessed at weeks 1, 8 and 34. Arterial 
514 stiffness is an independent predictor of cardiovascular disease and all-cause mortality rates in 
515 patients with PAD (98,99). After resting in the supine position for 10 minutes, brachial artery 
516 pulse waves will be obtained by partially inflating a cuff over the right brachial artery using a 
517 SphygmoCor XCEL system (AtCor Medical Pty Ltd, Sydney, Australia) and following 
518 standard guidelines (100,101). The brachial waveforms will be used to generate central aortic 
519 pressure waveforms, and to determine AIx, which is the ratio of wave reflection amplitude 
520 relative to central pulse pressure. For the PWV assessment, the carotid-femoral PWV will be 
521 measured using the applanation tonometry technique. A hand-held tonometer probe (AtCor 
522 Medical Pty Ltd, Sydney, Australia) will be held against the skin surface over the right carotid 
523 artery to obtain carotid-artery pulse waves, and a pressure cuff will be placed around the right 
524 upper thigh to record femoral artery pulse waves. The distance from the carotid site above the 
525 suprasternal notch to the proximal edge of a thigh cuff over the femoral artery will be measured 
526 using a tape measure over the body area. The carotid and femoral pulse waves will be recorded 
527 simultaneously, and the femoral pulse wave requires the thigh cuff to be partially inflated. The 
528 PWV will then be automatically calculated as the ratio of the distance between the pulse 
529 measuring sites to the time delay between the carotid and femoral pulse waves. PWV will be 
530 recorded as the average of triplicate measurements.

531 Biomarkers of cardiovascular disease (CVD) risk:

532 Biomarkers of CVD risk will be assessed at weeks 1 and 34. The most recent blood test (within 
533 8 weeks of baseline and within 8 weeks of follow-up visit) will be retrieved from the medical 
534 records of each participant. Biomarkers of CVD risk will include total cholesterol, 
535 triglycerides, high-density lipoprotein, low-density lipoprotein, and haemoglobin A1c levels.
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536 Sample size calculations

537 Sample size calculations were conducted for the primary outcome 6-minute walk distance and 
538 the secondary outcome maximal walking time during the graded treadmill walking test. 

539 6MWT:

540 Previous studies that assessed the effects of post-revascularisation exercise therapy indicated a 
541 potential effect of 53.2 m with a standard deviation of 81 m for 6-minute walk distance 
542 (56,102). This would provide a medium effect size of 0.65. To establish this effect from 
543 baseline to week 8 with 80% power and an alpha 0.05, 30 participants would be required in 
544 each group. Allowing for 10% dropout, 33 participants will be recruited in each group (total 
545 N=66).

546 Graded treadmill walking test: 

547 A previous study that assessed the effects of post-revascularisation exercise therapy indicated 
548 a potential effect of 5 minutes and 46 seconds with a standard deviation of 6 minutes and 13 
549 seconds for maximal walking time during the graded treadmill walking test (37). This would 
550 provide a large effect size of 0.89. To establish this effect from baseline to week 8 with 80% 
551 power and an alpha 0.05, 17 participants would be required in each group (total N=34). As this 
552 outcome of maximal walking time during the treadmill test is a secondary outcome, participants 
553 will be given the option to opt out of performing this test during the trial.

554 Statistical analysis

555 Data analysis will follow the CONSORT statement for randomised-controlled trials (69). All 
556 data collected will be deidentified and coded throughout the trial. The data collected will 
557 remain coded for participant confidentiality purposes. Baseline data for the two groups will be 
558 provided using counts and percentages, and means and standard deviations (or non-parametric 
559 equivalents) for categorical variables. Furthermore, tables will show the outcome measures at 
560 weeks 8 and 34 and percent changes from baseline.

561 The primary analysis will be performed based on the intention-to-treat principle, where all 
562 participants will be analysed as per their allocation, regardless of the treatment they received. 
563 Non-adherence will be assessed through per-protocol analyses. Per protocol analysis will 
564 primarily include participants that attend at least 70% of the supervised CR exercise sessions 
565 (i.e., 9 exercise sessions overall) during the 6-week intervention period. The total number of 
566 supervised exercise sessions completed will be included in the analysis as a covariate. 

567 Statistical analyses will be conducted using the IBM SPSS software (SPSS Inc, Chicago, IL). 
568 The data will be tested for normality using the Shapiro-Wilk test and will be considered 
569 normally distributed when P > 0.05. Analyses will be conducted using analysis of variance 
570 (ANOVA) for repeated measures. The primary comparison will be change in 6-minute walk 
571 distance from baseline to post intervention (week 8) in the CR versus the usual care group. 
572 Additional analyses will be performed from baseline to 6-month follow-up timepoint (week 
573 34). As required, confounding variables (including comorbidities, age, sex, smoking behaviour, 
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574 medications) will be adjusted for using analysis of covariance (ANCOVA). In all analyses, P 
575 < 0.05 will be considered statistically significant. Post-hoc analysis will be performed when a 
576 significant effect is present.

577 Data management

578 All data collected during the study will be coded and stored for a minimum of 15 years. 
579 Prospective participants will initially be assigned a screening number, and upon consent into 
580 the study they will be assigned a participant identification code. A coding log will be 
581 maintained and kept in a secure location (hard copy in locked cabinet and electronic copy on 
582 password protected file) in accordance with the International Council on Harmonisation Good 
583 Clinical Practice (GCP) guidelines, the study data management plan, and the data security 
584 policy of the University of the Sunshine Coast. The only personnel who will have access to 
585 participants’ individual identity are the Principal Investigator (CDA) and authorised project 
586 staff. Access to the coding log would only occur in the case where further medical history 
587 information is required in relation to a specific participant, in cases of emergency (e.g., to 
588 identify and contact next of kin), or during the investigation of any events (e.g., serious adverse 
589 event). 

590 All individual participant information will be de-identified in the reporting of data and resulting 
591 publications or presentations to fully protect the confidentiality of participants. Participants 
592 will be informed in the PICF that information or reports from the study will be prepared and 
593 will be submitted for publication. Participant information will normally be presented as group 
594 data. If necessary, information obtained from specific individuals may be presented; however, 
595 names will not be used to identify the individuals. Participants will only be identified in such 
596 publications by an identification number and possibly their age and gender.

597 Adverse events

598 Information on all adverse events (study-related and non-study related) will be recorded 
599 immediately in the trial adverse event report form and in the appropriate case report form for 
600 the relevant participant. All clearly related signs, symptoms, and abnormal procedural results 
601 will be recorded. For all recorded adverse events, the Principal Investigator or delegate will 
602 determine the adverse event’s causality to the intervention and the severity or intensity of the 
603 event. The clinical course of each event will be followed until resolution, stabilisation, or until 
604 it has been determined that the study intervention or participation is not the cause. All logged 
605 events will be summarised and reported to the participant’s general practitioner and the relevant 
606 human research ethics committees and governance agencies as part of the reporting 
607 requirements. 

608

609 PATIENT AND PUBLIC INVOLVEMENT

610 No patient and public involvement.

611
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957 FIGURE CAPTIONS

958 Figure 1. Overview of the Saving Legs and Lives study.
959 CR, cardiovascular rehabilitation; 6MWT, six-minute walk test; AIx, augmentation index; PWV, pulse wave velocity; WIQ, walking impairment 
960 questionnaire; ICQ, intermittent claudication questionnaire; V̇O2peak, peak oxygen uptake. 
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984 TABLES
985 Table 1. Schedule of participant enrolment, intervention, and assessment

MILESTONES ACTIVITY Screen Baseline (Pre-intervention) Post-intervention Follow-up

WEEK 0 1 8 34
VISIT (timepoint) 1 2 3 4 5 6

Patient identification XRECRUITEMENT

Pre-screen checklist for eligibility X
Consent X
Confirm eligibility X
Demographics and health history X

ENROLEMENT & 
SCREENING

Familiarisation with six-minute walk test X
RANDOMISATION Stratification & randomisation X
INTERVENTION Usual care plus community-based CR program (weeks 2 to 7)

CONTROL Usual care (weeks 2 to 7)
PRIMARY OUTCOME Six-minute walk test X X X

Treadmill walking test & cardiorespiratory fitness test with ECG* X X
Quality of life (WIQ, ICQ) X X X

SECONDARY 
OUTCOMES

Physical activity levels (7-day accelerometer, physical activity survey) X X X
Ankle-to-brachial systolic blood pressure index X X X
Brachial artery flow-mediated dilation assessment X X X
Arterial stiffness assessments (AIx, carotid-femoral artery PWV) X X X

EXPLORATORY 
OUTCOMES

Markers of CVD (total cholesterol, LDL, HDL triglycerides, HbA1c) X X
986 Note: All participants will continue to receive usual care and medical advice from their general practitioner (local doctor) and vascular surgeon, and they will be randomly allocation to a 
987 community-based cardiovascular rehabilitation program (intervention) or usual care group (control) for 6-weeks. Prior to randomisation participants will be stratified to account for type of 
988 procedure (e.g., open surgical vs endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). Outcome measures will be assessed at baseline (week 1), at the end of the 
989 intervention / usual care period (week 8) and again at 6-month follow-up (week 34). *As the treadmill walking test and the cardiorespiratory fitness test are secondary outcomes participants will 
990 be given the option to opt out of performing those assessments. For the post-intervention assessments at weeks 8 and 34, the assessment window may be extended by up to 7 days to 
991 accommodate unforeseen circumstances (e.g., participant illness). CR, cardiovascular rehabilitation; ECG, electrocardiogram; WIQ, walking impairment questionnaire; ICQ, intermittent 
992 claudication questionnaire; AIx, augmentation index; PWV, pulse wave velocity; CVD, cardiovascular disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, 
993 haemoglobin A1c. 
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Recruitment 

(N=66) 

• Outpatient clinics 

and advertising 

• Informed consent 

Screening: 

• Demographics 

• Medical history 

• Anthropometric 

measurements  

• Familiarisation 

with 6MWT 

CR (N=33) 
Weeks 2 to 7 

• Usual care plus 2 x 60 

minutes of community-

based CR exercise sessions 

per week 

 

Usual care (N=33) 
Weeks 2 to 7 

• Usual care without CR 

exercise sessions (control) 

 

R
a

n
d

o
m

isa
tio

n
 

6 months follow-up 
Weeks 8 to 34 

• Usual care  

• No intervention 

 

6 months follow-up 
Weeks 8 to 34 

• Usual care  

• No intervention 

 

Outcomes 

Primary outcome: 

• 6-minute walk distance  

Secondary outcomes: 

• Pain free walk distance (6MWT) 

• Treadmill test walk distances 

• Cardiorespiratory fitness (V̇O2peak) 

• Self-reported walking capacity (WIQ) 

• Disease-specific quality of life (ICQ) 

• Physical activity levels  

Exploratory outcomes: 

• Ankle-brachial blood pressure index 

• Brachial artery flow-mediated dilation 

• Arterial stiffness (AIx, carotid-

femoral artery PWV) 

• Cardiovascular disease biomarkers 

(assessed through medical records) 

W
eek

 1
  

W
eek

 8
  

W
eek

 3
4

  

Outcome measures 
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Supplementary Table 1. Cardiovascular rehabilitation exercise program 

Week 

Treadmill walking Lower limb resistance exercises  Upper body continuous movements / activities  

Walking bouts Bout duration Total time Exercise Sets Repetitions Total time Exercise Sets  Duration Total time 

1 5 2 minutes 10 minutes 

1) Sit-to-stand 2 12 

10 minutes 

1) Upright rowing (dumbbells) 4 1 minute 

20 minutes 2) Seated leg extensions 2 12 2) Arm cycling  3 1 minute 

3) Standing calf raises  1  12  3) Ski ergometry 3 1 minute 

2 7 2 minutes 14 minutes 

1) Sit-to-stand 2 12 

12 minutes 

1) Upright rowing (dumbbells) 3 1 minute 

14 minutes 2) Seated leg extensions 2 12 2) Arm cycling 2 1 minute 

3) Standing calf raises  2  12 3) Ski ergometry 2 1 minute 

3 10 2 minutes 20 minutes 

1) Sit-to-stand 2 12 

10 minutes 

1) Upright rowing (dumbbells) 2 1 minute 

10 minutes 2) Seated leg extensions 2 12 2) Arm cycling 2 1 minute 

3) Standing calf raises  1 12  3) Ski ergometry 1 1 minute 

4 12 2 minutes 24 minutes 
1) Sit-to-stand 2 12 

8 minutes 
1) Upright rowing (dumbbells) 2 1 minute 

8 minutes 
2) Standing calf raises 2 12 2) Arm cycling 2 1 minute 

5 14 2 minutes 28 minutes 
1) Sit-to-stand 2 12 

6 minutes 
1) Upright rowing (dumbbells) 2 1 minute 

6 minutes 
2) Standing calf raises 1 12 2) Arm cycling 1 1 minute 

6 15 2 minutes 30 minutes 
1) Sit-to-stand 1 12 

4 minutes 
1) Upright rowing (dumbbells) 2 1 minute 

6 minutes 
2) Standing calf raises 1 12 2) Arm cycling 1 1 minute 

Intensity progression criteria Intensity progression criteria Program progression criteria 

Adjust speed and/or gradient of treadmill to increase the power output by 

10 watts for the next walking bout if:  

• Participant completes walking bout without reaching near-

maximal claudication pain (number 3-4 on claudication pain 

scale) or rate of perceived exertion on Borg scale is less than 3 

(out of 10) by the end of the walking bout. 

Increase repetitions and/or weight for the next set if: 

• Participant is able to perform 12 repetitions with ease and 

optimal exercise technique 

• Exercise does not induce moderate to near-maximal 

claudication pain or rate of perceived exertion is less than 
3 (out of 10) by the end of the set 

The aim of the upper body activities / exercises is to provide a break in between 

treadmill walking and lower limb resistance exercises. 

• To progress the exercise program, reduce upper body activity time and 

increase treadmill walking time 

 

• To regress the exercise program, reduce treadmill walking time and 

increase upper body activity time 

Adjust speed and/or gradient of treadmill to decrease the power output by 

10 watts for the next walking bout if: 

• Participant fails to complete walking bout  

• Heart rate exceeds 90% of predicted maximum heart rate for 

30 seconds 

• Rate of perceived exertion is 8 or higher (out of 10) 

 

Note: If the participant fails to complete a walking bout, provide up to 30 

seconds of rest or rest up to the end of the bout and then resume exercise 
program. 

Decrease repetitions and/or weight for the next set if: 

• Participant is unable to complete the set with optimal 

exercise technique 

• Rate of perceived exertion is 8 or above (out of 10) 
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32 ABSTRACT: 

33 Introduction: Peripheral artery disease (PAD) is an atherosclerotic condition characterised by 
34 stenosis or occlusion of the arteries in the lower limbs. Patients with PAD commonly report 
35 intermittent claudication (leg pain/discomfort) during physical activities, which significantly 
36 limits the ability to walk and perform activities of daily living. Supervised exercise training is 
37 an effective therapy that can improve walking capacity in people with PAD. Emerging 
38 evidence also suggests that supervised exercise therapy following lower limb revascularisation 
39 can further enhance walking capacity when compared with revascularisation alone. However, 
40 access to dedicated exercise programs for patients with PAD is limited in most countries, and 
41 there is a need to test the efficacy of alternative rehabilitation strategies and referral pathways. 
42 This randomised-controlled study aims to assess the efficacy of a cardiovascular rehabilitation 
43 program versus usual care on walking capacity and quality of life in patients who have 
44 undergone lower limb revascularisation for PAD.

45 Methods and analysis: This will be a single-centre, prospective, parallel group, randomised-
46 controlled trial. Sixty-six participants who have undergone a lower limb revascularisation 
47 procedure for PAD, in the previous 12 months will be randomly allocated to a cardiovascular 
48 rehabilitation program or a usual care (control) group. The cardiovascular rehabilitation 
49 program will include two supervised exercise sessions per week for 6 weeks primarily 
50 consisting of intermittent treadmill walking at a moderate exercise intensity, and  home-based 
51 walking advice. During the 6-week program, participants will also attend one education 
52 seminar (5.5 hours) which will cover topics such as diet, medications, exercise training, and 
53 lifestyle modifications for the management of cardiovascular diseases. The control group will 
54 receive usual care and medical advice from their local doctor and vascular surgeon. The 
55 primary outcome will be 6-minute walk distance. Secondary outcomes include pain-free 
56 walking distance during the 6-minute walk test, maximal and pain-free walking time during a 
57 graded treadmill walking test, cardiorespiratory fitness, self-reported walking capacity, 
58 disease-specific quality of life, and self-reported and objectively measured physical activity 
59 levels. Exploratory outcomes include brachial artery flow-mediated dilation, arterial stiffness, 
60 ankle-brachial blood pressure index, and biomarkers of cardiovascular disease risk. Outcomes 
61 will be assessed at baseline (week 1), following the cardiovascular rehabilitation / usual care 
62 period (week 8), and again at 6-month follow-up (week 34).

63 Ethics and dissemination: This study has received ethics approval from the Human Research 
64 Ethics Committees (HREC) of Queensland Health Metro North Hospital and Health Service 
65 (94155), and the University of the Sunshine Coast (S231914). Findings from this study will be 
66 disseminated in peer-reviewed journals and through national and international conference 
67 presentations.

68 Trial registration number: ACTRN12623000190606

69

70
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71 STRENGTHS AND LIMITATIONS OF THIS STUDY:

72 • The primary outcome of this study, 6-minute walk distance, is an important clinical 
73 endpoint which correlates with mortality and morbidity rates in people with peripheral 
74 artery disease.
75 • This study includes a large number of outcome measures aiming to assess the efficacy 
76 of cardiovascular rehabilitation on walking capacity, cardiorespiratory fitness, disease-
77 specific quality of life, accelerometer-derived physical activity, and cardiovascular 
78 function.
79 • The same investigators who will deliver the cardiovascular rehabilitation program will 
80 also be involved in the collection of outcome data; however, to reduce the risk of bias 
81 all data analysis will be undertaken in blinded fashion using coded data.
82
83
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104 INTRODUCTION:

105 Peripheral artery disease (PAD) is an atherosclerotic condition characterised by stenosis or 
106 occlusion of the arteries of the lower limbs. Worldwide, PAD affects over 230 million adults 
107 and its prevalence is expected to further increase over the coming years due to the ageing of 
108 the population 1. People with PAD are limited by intermittent claudication (leg 
109 pain/discomfort) which significantly impairs walking capacity, physical activity levels and 
110 quality of life 2–4. Reduced walking capacity and physical inactivity further contribute to the 
111 elevated risk of secondary cardiovascular events (stroke, myocardial infarction, cardiovascular 
112 death) and associated hospitalisation 5–8.

113 The initial treatment for PAD includes medical management of symptoms and cardiovascular 
114 disease risk factors with pharmacotherapies and lifestyle modification 9. In patients with 
115 advanced PAD, including limiting claudication or chronic limb-threatening ischemia, lower 
116 limb revascularisation procedures are indicated to restore blood flow and ‘save’ the affected 
117 limb 9. Lower limb revascularisation procedures are associated with improvements in limb 
118 blood flow 10, walking capacity 11, and quality of life 12,13. However, despite improvements in 
119 limb blood flow, the improvements in walking capacity are generally only modest after lower 
120 limb revascularisation (~60% improvement) when compared with exercise therapy (~110%) 
121 14. Furthermore, the benefits of revascularisation for walking capacity and quality of life are 
122 short-lived, with prospective studies reporting deteriorations in walking capacity as early as 12 
123 months after revascularisation 15–17. Reintervention rates are also high in people with PAD with 
124 a meta-analysis of 52 studies (N=6,769 patients) reporting a reintervention rate of 18.2% 
125 (95%CI 14.5 – 22.6) at 12 months following endovascular revascularisation 18. This highlights 
126 an important limitation of lower limb revascularisation procedures for the long-term durability, 
127 and improvement of walking capacity in patients with PAD.

128 Supervised exercise is an effective therapy that is widely recommended in several international 
129 guidelines for the management of patients with PAD 9,19–22. A large body of evidence suggests 
130 that supervised exercise programs, incorporating aerobic and resistance exercises of the lower 
131 limbs, improve walking capacity 23–25, physical activity levels 26,27 and quality of life 28,29 in 
132 patients with PAD. A commonly used assessment of walking capacity for patients with PAD 
133 is the 6-minute walk test; and evidence shows gains in 6-minute walk distance ranging between 
134 45-80 meters following supervised exercise programs 26,30–34. Beyond the recommendation that 
135 supervised exercise should be included as part of the initial treatment of PAD, there is emerging 
136 evidence that outcomes following lower limb revascularisation can also be enhanced when 
137 combined with exercise therapy 35–37. This aligns with a recent systematic review that reported 
138 significant improvements in maximum walking distance (mean difference range: 82-321 m) 
139 and pain-free walking distance (mean difference range: 38-408 m) favouring a combined 
140 therapy approach over supervised exercise training or revascularisation alone 38. Post-
141 revascularisation exercise therapy has also been associated with reduction in the need for 
142 reintervention when compared with revascularisation 39 or supervised exercise therapy alone 
143 (odds ratio 0.19 [95%CI 0.09 – 0.40] P<0.0001) 40.
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144 Despite this strong evidence supporting the benefits of supervised exercise therapy, access to 
145 dedicated exercise programs is very limited for patients with PAD. Previous studies report that 
146 as few as 43-48% of vascular units in the United States and the United Kingdom have access 
147 to dedicated supervised exercise programs for the referral of patients with PAD 41,42. Similarly, 
148 a survey of 378 vascular surgeons across 43 European countries reported that only 30% 
149 (N=115/378) of surgeons have access to supervised exercise programs for the referral of 
150 patients with PAD 43. This highlights a need for alternative rehabilitation strategies and referral 
151 pathways to increase the access to supervised exercise therapy for patients with PAD.

152 Cardiovascular rehabilitation is a well-established multidisciplinary approach for the care and 
153 rehabilitation of patients with heart disease, particularly those recovering from myocardial 
154 infarction or cardiac surgery 44. Cardiovascular rehabilitation (CR) programs typically consist 
155 of supervised exercise training, dietary and lifestyle advice, psychological support, and 
156 education on the management of cardiovascular disease risk factors. Studies report that CR 
157 programs are cost-effective for improving functional capacity, physical activity levels and 
158 quality of life, and reducing the risk of secondary cardiovascular events in patients with cardiac 
159 diseases 45–48. While CR programs are widely accessible in most countries, patients with PAD 
160 are historically seen as out of scope and are not usually referred for CR 44,49. To date very few 
161 studies have investigated the effectiveness of routine CR for patients with PAD 50–55. Most of 
162 these studies have been limited to the investigation of patients with coronary artery disease 
163 referred for CR who also had PAD as a comorbidity 51–54. In Canada, of 23,215 patient referrals 
164 with coronary artery disease, 5.9% (N=1,366 patients) were identified as having a comorbidity 
165 of PAD 51. The identified patients with PAD had significantly impaired cardiorespiratory 
166 fitness and a lower 10-year survival rate when compared with patients without PAD. 
167 Importantly, this study demonstrated that completion of CR led to significant reductions in 
168 mortality rate (adjusted hazard ratio 0.62 [95%CI 0.57 – 0.67]) in patients with PAD, when 
169 compared with patients who did not attend CR 51.

170 Recently, a small (N=20 participants), non-randomised pilot study of CR in patients who had 
171 undergone lower limb revascularisation for PAD, reported that CR was safe and feasible, and 
172 led to greater improvements in 6-minute walk distance (mean difference: 53 m; P=0.04) when 
173 compared with usual care 56. These findings highlight the potential for CR to be used as a 
174 standard referral pathway for patients with PAD who are recovering from a lower limb 
175 revascularisation procedure. To test this, we will conduct a randomised-controlled trial to 
176 assess the efficacy of a 6-week community-based CR program versus usual care on walking 
177 capacity and quality of life in patients who have recently (< 12 months) undergone lower limb 
178 revascularisation for PAD. 

179 Primary aim

180 To assess the efficacy of a 6-week community-based CR exercise program versus usual care 
181 on 6-minute walk distance in patients who have recently (< 12 months) undergone lower limb 
182 revascularisation for PAD.

183 Secondary aims
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184 To assess the efficacy of a 6-week community-based CR exercise program on: 1) pain-free 
185 walking distance during the 6-minute walk test, 2) maximal walking time and pain-free walking 
186 time during a graded treadmill walking test, 3) cardiorespiratory fitness measured as peak 
187 oxygen uptake during a graded treadmill walking test, 4) disease-specific quality of life and 
188 self-reported functional capacity, and 5) self-reported and objectively measured physical 
189 activity levels.

190 Exploratory aims

191 To assess the efficacy of a 6-week community-based CR exercise program on: 1) brachial 
192 artery flow-mediated dilation, 2) arterial stiffness (augmentation index, carotid-femoral artery 
193 pulse wave velocity), 3) ankle-brachial blood pressure index, and 4) circulating biomarkers of 
194 cardiovascular disease risk.

195

196 METHODS AND ANALYSIS

197 Study design and overview

198 An overview of the study is shown in Figure 1. This is a single centre, prospective, parallel-
199 group, randomised-controlled trial conducted at the University of the Sunshine Coast and the 
200 Sunshine Coast University Hospital (Australia). Patients with PAD who have recently ( < 12 
201 months) undergone a lower limb revascularisation procedure will be identified and randomly 
202 allocated to either usual care or usual care plus a 6-week community-based CR program (N=33 
203 per group; refer to power and sample size estimate). Participants allocated to the usual care 
204 group will receive usual care and medical advice from their local doctor and vascular surgeon. 
205 The community-based CR program will comprise two supervised exercise sessions per week 
206 for 6 weeks, home-based exercise advice, and an education seminar (5.5 hours). The CR 
207 program will be delivered by the Cardiovascular Rehabilitation Service of the Sunshine Coast 
208 University Hospital. Primary, secondary, and exploratory outcomes will be assessed at baseline 
209 (week 1), after the completion of the CR program / usual care period (week 8) and again 6 
210 months after the completion of the CR program / usual care period (week 34). Maximal exercise 
211 assessments such as graded treadmill walking tests will be conducted at the Clinical 
212 Investigations Unit at the Sunshine Coast University Hospital to facilitate access to medical 
213 supervision. Other outcome measures will be conducted at the VasoActive Laboratory at the 
214 University of the Sunshine Coast. As per Standard Protocol Items: Recommendations for 
215 Interventional Trials (SPIRIT), a schedule of participant enrolment, intervention and 
216 assessments is presented in Table 1 57. The study commenced in April 2024, and data collection 
217 is planned to be completed in January 2026.
218
219
220

Page 6 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
5 D

ecem
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089203 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

BMJ Open

Page 7

221 Participants & eligibility criteria

222 Potential participants will be identified from the Sunshine Coast region through: 1) an existing 
223 database of participants who have previously provided consent to be contacted, 2) collaborating 
224 vascular surgery clinics including the Sunshine Coast University Hospital, and 3) community 
225 sources and advertising.

226 Participants will be eligible to participate in the study if they: 

227 1. Are 18 years of age or older and have a formal diagnosis of PAD made by a vascular 
228 surgeon.
229 2. Have undergone a lower limb revascularisation procedure (endovascular procedure, 
230 open surgical procedure or hybrid procedure) in the previous 12 months.
231 3. Have clearance to participate from their treating vascular surgeon, including 
232 verification that they have adequately recovered from any lower limb revascularisation 
233 procedure.
234 4. Can understand and communicate in English sufficient to provide informed consent.

235 Participants will be excluded from participation if they meet any of the following criteria:

236 1. Unable to walk independently (e.g., depend on assistance from a walking aid).
237 2. Previous lower limb amputation or current tissue necrosis (ulceration or gangrene) that 
238 limits the ability to undertake walking tests. 
239 3. Deemed not eligible to participate in CR by the CR clinical staff as per standard 
240 contraindications for exercise 58. These contraindications include unstable angina, acute 
241 heart failure, recent cerebrovascular event, uncontrolled resting hypertension, 
242 symptomatic hypotension, uncontrolled diabetes, uncontrolled sinus tachycardia, 
243 uncontrolled/complex arrythmias.
244 4. Currently participating in a supervised exercise rehabilitation program.
245 5. Terminal illness or other medical condition or planned treatment that may affect the 
246 ability to participate in or complete the trial.

247 Intervention

248 Eligible participants will be randomised in equal proportions (1:1) to one of the study groups.

249 1. Usual care (control group).

250 2. Usual care plus a 6-week community-based CR program (intervention group).

251 Usual care

252 All participants will continue to receive usual care and medical advice from their local doctor 
253 and vascular surgeon throughout the study. Usual care for PAD may include management of 
254 cardiovascular disease risk factors with lifestyle modifications (e.g., smoking cessation, dietary 
255 modifications) and pharmacotherapies 9. While usual care for PAD will not be altered by this 
256 protocol, upon consent to the study each participant’s local doctor and vascular surgeon will 
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257 be contacted to request to provide their best possible medical care throughout the study. 
258 Furthermore, in order to assess the efficacy of the CR program, each participant’s local doctor 
259 and vascular surgeon will be requested to refrain from giving specific advice regarding exercise 
260 until the completion of the study.

261 Usual care plus community-based CR program

262 In addition to usual care, participants who are randomised to the community-based CR program 
263 will be referred to the CR program of the Sunshine Coast Hospital and Health Service. The CR 
264 program will be delivered at a community fitness facility (The Sports Hub, Bokarina, QLD 
265 4575, Australia). The CR program will be structured in accordance with current exercise 
266 recommendations for people with PAD 9,19–22. The CR program will include twelve 60-minute 
267 sessions of supervised exercises, delivered twice per week over a period of 6 weeks, and one 
268 education seminar (5.5 hours with breaks). While the recommended duration of supervised 
269 exercise training for patients with PAD is 12 weeks 19,20, improvements in walking capacity 
270 are reported after 3-6 weeks 59–61. Furthermore, the recommended duration for CR ranges 
271 between 6-12 weeks 62. To ensure outcomes are applicable to a wide range of CR programs, 
272 the minimum duration for CR was selected (i.e., 6 weeks). During the 6-week CR program 
273 participants will also be provided with exercise guidelines and advice to complete at least three 
274 home-based walking sessions per week. Following the completion of the CR program, 
275 participants will be provided with individualised exercise and physical activity advice with the 
276 goal to meet the recommended 150-300 minutes of moderate intensity physical activity levels 
277 per week 58.

278 The program exercise sessions will be supervised by CR staff (nurses, exercise physiologist) 
279 and research personnel. The research personnel will be responsible for the prescription and 
280 progression of the exercises. As outlined in the Supplementary Table 1, the supervised exercise 
281 sessions will primarily consist of bouts of intermittent treadmill walking that are interspersed 
282 by periods of upper body activity and lower limb resistance exercises. Each supervised exercise 
283 session will last for 60 minutes, including a warm-up and a cool-down (10 minutes each). The 
284 total duration of treadmill walking for each session will be 10 minutes (e.g., 5 x 2-minute bouts) 
285 at the beginning of the program (i.e., week 1) and will progress to 30 minutes (e.g., 15 x 2-
286 minute bouts) by the end of the program (i.e., week 6). The total duration of upper body and 
287 lower limb resistance training for each session will begin at 30 minutes (e.g., 15 x 2-minute 
288 bouts) at the beginning of the program and will decrease to 10 minutes (e.g., 5 x 2-minute 
289 bouts) by the end of the program. Exercise intensity and severity of claudication pain will be 
290 monitored with the modified rate of perceived exertion Borg scale and the intermittent 
291 claudication pain scale, respectively 63,64. Participants will be instructed to exercise at moderate 
292 to near-maximal claudication pain thresholds (i.e., 3/4 on claudication scale) or if 
293 asymptomatic, exercise at a moderate exercise intensity (i.e., 3/10 on Borg scale) 19,65. The 
294 initial exercise intensity will be individually prescribed based on the exercise workload 
295 achieved during the baseline exercise tests (e.g., workload achieved at stage prior to treadmill 
296 test cessation). 

Page 8 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
5 D

ecem
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089203 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

BMJ Open

Page 9

297 The home-based walking sessions will also align with the current PAD exercise 
298 recommendations 9,19–22. Participants will be provided with individualised weekly walking 
299 goals which will be set and reviewed by the study team. During the home-based walking 
300 sessions, participants will be instructed to complete intermittent bouts of walking separated by 
301 periods of rest. Participants will be instructed to complete their walking sessions outdoors (e.g., 
302 local neighbourhood and parks). Similar to the supervised exercise sessions, the total duration 
303 of walking for each home-based session will begin at 10 minutes (e.g., 5 x 2-minute bouts) at 
304 the beginning of the program (i.e., week 1) and will progress to 30 minutes (e.g., 15 x 2-minute 
305 bouts) by the end of the program (i.e., week 6). The total period of rest for each home-based 
306 walking session will be 20 minutes at the beginning of the program (e.g., 10 x 2-minute bouts) 
307 and will decrease until participants are able to walk continuously for 30 minutes. Exercise 
308 intensity and severity of claudication pain will be self-monitored using the modified rate of 
309 perceived exertion Borg scale, and the intermittent claudication pain scale 63,64. Participants 
310 will be instructed to walk at moderate to near-maximal claudication pain thresholds (i.e., 3/4 
311 on claudication scale) or if asymptomatic, walk at a moderate exercise intensity (i.e., 3/10 on 
312 Borg scale) 19,65. Participants will be provided with a diary to record their home-based walking 
313 sessions.

314 Participants in the CR program will attend one education seminar (5.5 hours with breaks) 
315 during the 6-week CR program. The education seminar will be delivered by health specialists 
316 (e.g., nurse, dietitian, psychologist, exercise physiologist) and will cover topics such as diet, 
317 medications, exercise training, physical activity, and lifestyle modifications for the 
318 management and prevention of cardiovascular diseases. The seminar information will be based 
319 on the current Australian guidelines for the management of acute coronary syndromes 66–68.

320 Adherence

321 Strategies are incorporated into the protocol to promote and monitor adherence to the study 
322 intervention. The importance of attending the weekly supervised exercise sessions and 
323 accumulating the recommended weekly amount of exercise and physical activity levels will be 
324 explained to the participants in the participant information and consent form (PICF) and upon 
325 starting the CR program. Participants will also be provided with individualised weekly goals 
326 for the supervised and the home-based exercise sessions which will be set and reviewed by the 
327 study team. Adherence to the supervised and home-based exercise sessions will be assessed by 
328 recording the number of exercise sessions that participants complete each week against the 
329 goal/target for that specific week. Participants will keep a daily diary to record their home-
330 based exercise sessions that they complete during the 6-week CR program. Attendance to the 
331 education seminar will be assessed using an attendance checklist. The assessment of protocol 
332 adherence for the purpose of statistical analysis is described in the statistical analysis section.

333 Screening and enrolment (visit 1)

334 Prior to screening assessments, participants will be required to provide their informed consent 
335 to participate in the study which will occur at the commencement of the initial study visit (visit 
336 1). A trained study staff member authorised by the Principal Investigator will take the 
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337 participant through the information sheet and obtain informed consent. All participants will be 
338 fully informed of the potential risks and benefits of the study. Participants will be screened for 
339 co-morbidities and cardiovascular risk factors prior to inclusion in the study. During this visit, 
340 prescribed medications will be captured, and anthropometric measurements (e.g., height, 
341 weight) and resting blood pressure will be conducted. Participants will also be familiarised 
342 with the 6-minute walk test to minimise test variability. 

343 Randomisation and blinding

344 Following baseline outcome measures (i.e., visit 3), participants will be randomly allocated to 
345 either the usual care group (N=33) or the usual care plus community-based CR exercise group 
346 (N=33). To ensure allocation concealment, randomisation will be generated using a secure, 
347 independent web-based randomisation system (SealedEnvelope.com). Prior to randomisation, 
348 participants will be stratified to account for type of procedure (e.g., open surgical vs 
349 endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). This will allow 
350 stratification of participants who have recently undergone a revascularisation procedure (< 12 
351 weeks) from those who have undergone a revascularisation procedure more than 12 weeks ago 
352 and have fully resumed normal activities of daily living, recreation, and work activities. Block 
353 randomisation, using random block sizes of two to four participants will be used to ensure that 
354 group allocation at any point in time remains similar. Enrolment, allocation, follow-up, and 
355 final analysis will be conducted and reported in accordance with the Consolidated Standards 
356 of Reporting Trials (CONSORT) statement for randomised clinical trials 69.

357 The same investigators who will deliver the CR program will also be involved in the collection 
358 of outcome data. Therefore, participants and data collectors will not be blinded to group 
359 allocation. While it is not feasible to blind participants and investigators to group allocation in 
360 an exercise intervention study, all data analysis will be undertaken in blinded fashion using 
361 coded data.

362 Outcome measures and procedures

363 As outlined in Table 1, primary, secondary, and exploratory outcomes will be assessed at 
364 baseline (week 1), after the completion of the 6-week CR program / usual care period (week 8) 
365 and again 6 months after the completion of the CR program / usual care period (week 34). 
366 During weeks 1 and 8, participants will carry out the assessments over two visits to ensure that 
367 participants are sufficiently recovered between walking tests. As the treadmill test is a 
368 secondary outcome measure, participants will be given the option to opt out of performing this 
369 test. The treadmill test requires participants to walk until maximal exertion. Although this is an 
370 important outcome measure, only 34 participants are required to establish an effect (refer to 
371 power and sample size estimate). Therefore, participants who are unwilling to exert themselves 
372 to maximal effort, or those who are unable to maintain the walking speed of the treadmill will 
373 be given the option to opt out of this test. At 6-month follow-up (week 34) participants will 
374 make a single visit for the assessment of the 6-minute walking test, quality of life, self-reported 
375 functional capacity, physical activity levels, vascular function, and biomarkers of 
376 cardiovascular disease risk. The 6-month follow-up visit aims to provide an indication of 
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377 longer-term durability of the effect of CR following revascularisation. For the post-intervention 
378 and follow-up assessments at weeks 8 and 34, the assessment window may be extended by up 
379 to 7 days to accommodate unforeseen circumstances (e.g., participant illness). 

380 Primary outcome

381 Six-minute walk test (6MWT):

382 The 6MWT will be conducted at weeks 1, 8, and 34. Change in 6-minute walk distance between 
383 baseline and week 8 is the primary outcome for the study. Change in the pain-free walking 
384 distance during the 6MWT is a secondary outcome measure.

385 As per standard procedures, a course of 30 meters length is marked out in a covered area at 
386 least 2 meters in width, with a cone at each end 70. Chairs are also placed every 10 meters along 
387 the course so that participants can sit and rest during the test if needed. Participants will be 
388 asked to walk up and down the course for 6 minutes and to complete as many laps and cover 
389 as much distance as possible in that time. Participants will be asked to indicate to the test 
390 supervisor when the onset of claudication occurs, and then to rate the severity of their 
391 claudication/discomfort using a hand-signal at the completion of each lap (i.e., every 60 meters) 
392 using the claudication rating scale 64. During the test, heart rate will be continually monitored 
393 with a heart rate monitor and recorded at the end of each lap. During the test, participants can 
394 stop walking and rest if their claudication pain becomes intolerable; however, the timing 
395 continues and participants are requested to resume walking as soon as possible. At the end of 
396 the test, the number and timing of any rest breaks, the time and distance to the onset of 
397 claudication (pain-free walking distance) and the total distance walked (6-minute walk 
398 distance) are recorded. At the end of the test, participants will be asked to provide a rating of 
399 their general exertion using the modified rate of perceived exertion Borg Scale 63.

400 Walking capacity measured during the 6MWT has been chosen as the primary outcome as it 
401 has excellent test-retest reliability (interclass correlation coefficient = 0.970, 95% confidence 
402 intervals 0.950 to 0.981, N=173) 71, and it correlates strongly with a range of relevant clinical 
403 outcomes including physical activity 72, patient-reported outcomes, as well as cardiovascular 
404 morbidity and mortality associated with PAD 7. Based on this strong reliability, a reported 
405 advantage of the 6MWT for clinical trials is that there is no learning effect 73. Nonetheless, 
406 participants will be familiarised with the 6MWT prior to the baseline assessment in the current 
407 study. This approach is consistent with recommended practice and reporting of performance 
408 outcomes for clinical trials in patients with PAD 74. The minimal clinically important difference 
409 (MCID) for 6-minute walk distance has been established for people with and without PAD. 
410 Based on the change in 6-minute walk distance with exercise therapy and the corresponding 
411 change in reported physical function, the MCID thresholds are 12 meters (small effect), 32 
412 meters (moderate effect), and 34 meters (large effect) 75.

413 Secondary outcome measures

414 Graded treadmill walking test:
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415 The graded treadmill walking test including measures of maximum walk time and pain-free 
416 walking time will be performed at weeks 1 and 8. The Gardner-Skinner protocol will be used, 
417 which was specifically developed for the assessment of walking capacity in patients with PAD 
418 76,77. The treadmill will start at 3.2 km/h at a 0% incline, and then every 2 minutes the gradient 
419 of the treadmill will increase by 2%. Adjustments will be made to the treadmill protocol using 
420 standardised procedures for participants who are unable to maintain the 3.2 km/h treadmill 
421 speed. The treadmill test will be conducted and supervised by an exercise physiologist, a 
422 cardiac technician, and a medical doctor. During the test participants will be monitored with a 
423 continuous 12-lead electrocardiogram, and heart rate and blood pressure will be measured and 
424 recorded at the end of each stage (i.e., every 2 minutes). At the end of the test, participants will 
425 be asked to rate the severity of their claudication pain in each leg using the claudication scale, 
426 and to provide a rating of their general exertion using the modified rate of perceived exertion 
427 Borg scale 63. The MCID values for small, moderate and large changes in maximum treadmill 
428 walking time after supervised exercise training are 121, 141, and 241 (seconds), respectively, 
429 in patients with PAD 75. 

430 Cardiorespiratory fitness:

431 Cardiorespiratory fitness (peak oxygen uptake) will be assessed during the graded treadmill 
432 walking test at weeks 1 and 8. Cardiorespiratory fitness is a strong predictor of cardiovascular 
433 disease and all-cause mortality rates in patients with PAD 78,79. Oxygen uptake (V̇O2) will be 
434 continuously measured with a portable V̇O2 system (K5, COSMED, Italy), and a breath-by-
435 breath gas exchange and ventilation face mask. Peak oxygen uptake will be determined as the 
436 highest 15-second average during the final 60 seconds of peak exercise. 

437 Quality of life:

438 Disease-specific quality of life will be assessed using the Intermittent Claudication 
439 Questionnaire (ICQ) at weeks 1, 8 and 34. The ICQ is a self-administered tool consisting of 16 
440 items that focus on limitations imposed by claudication while performing various tasks, such 
441 as walking specific distances or performing activities of daily living 80. The instrument is scored 
442 by summing the patient responses to individual items, which are all equally weighted, and 
443 transformed to a 0 to 100 composite score, where 0 is the best score. The composite score will 
444 be calculated and used as the outcome for analysis.

445 Self-reported walking capacity:

446 Self-reported walking capacity will be assessed using the Walking Impairment Questionnaire 
447 (WIQ) at weeks 1, 8 and 34. The WIQ is a PAD-specific measure of self-reported difficulty 
448 during walking with 3 domains: walking distance, walking speed, and stair climbing 81. Each 
449 domain is scored on a scale from 0 to 100 (100 indicating the best possible score). A small, 
450 moderate, and large MCID for each of the three WIQ domain scores are: 6, 14, 23 for walking 
451 distance; 4, 11, 18 for walking speed; and 6, 15, 23 for stair climbing, respectively 75. 

452 Physical activity levels:
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453 Objectively assessed physical activity: Free living physical activity levels will be objectively 
454 assessed using a GT9XActiGraph accelerometer (ActiGraph, Pensacola, FL, USA) at weeks 1, 
455 8 and 34. Participants will be instructed to wear the device on their non-dominant wrist for 7 
456 full days at each assessment point 82. At the end of the recording period, the accelerometer is 
457 removed by the participant and returned to the research team (in person or by reply-paid 
458 delivery) for data upload, quality assurance and analysis. The ActiGraph accelerometer will be 
459 initialised to collect raw data at 100 Hz 83. The in-built inclinometer will also enable the 
460 assessment of body position (i.e., sitting/lying vs standing). At each assessment period, a 
461 minimum wear-time criteria of 4 days and 600 minutes per day will be applied 84. The ActiLife 
462 software (version 6.13.5; AcriGraph LLC) will be utilised to process the raw data to create 60-
463 second epochs 83. The data will be processed using the Choi algorithm within the ActiLife 
464 software to define wear and non-wear minutes 85. The primary outcome measure of physical 
465 activity will be steps per day. Other outcome measures will include sedentary time, and time 
466 spent (mins/day) engaging in light, moderate and vigorous physical activity. During the 7-day 
467 monitoring period, participants will also keep a brief daily physical activity diary to record 
468 periods of sleep, work, non-wear time, and structured exercise that are essential for analysis 
469 and cannot be inferred from the monitor data alone. The ActiGraph accelerometer has been 
470 reported to be reliable and valid in the assessment of walking, body posture, and sedentary 
471 behaviour during free-living activity 86–88, and when used in patients with PAD 89–91. The MCID 
472 values for small, moderate and large changes in total daily steps after supervised exercise 
473 training are 569, 1,423 and 2,277 (steps/day), respectively, in patients with PAD 92. 

474 Self-reported physical activity: Self-reported physical activity levels will be assessed using the 
475 International Physical Activity Questionnaire for elderly (IPAQ-E) at weeks 1, 8 and 34. The 
476 IPAQ-E is a self-reported questionnaire which has been validated for use for individuals over 
477 the age of 65 93. The IPAQ-E consists of questions about frequency (days per week) and time 
478 (minutes per day) spent sitting, walking, and performing physical activities of moderate and 
479 vigorous intensity. All self-reported activity domains (sitting, walking, moderate and vigorous 
480 physical activities) have been reported to positively correlate with corresponding variables 
481 objectively assessed by accelerometers 93. 

482 Exploratory outcomes

483 Ankle to brachial blood pressure index (ABI):

484 The ABI of both legs will be measured at weeks 1, 8 and 34. After resting in a supine position 
485 for 10 minutes, brachial and ankle blood pressures will be measured.  Brachial blood pressures 
486 will be measured in both arms using an automated blood pressure monitor 94. Systolic blood 
487 pressure of the dorsalis pedis artery and posterior tibial artery at the left and right ankles will 
488 also be measured using a manual cuff sphygmomanometer and handheld 5-7 MHz Doppler 
489 ultrasound probe. The average of the closest two recordings at each artery will be recorded. 
490 The ABI for each leg will be calculated by dividing the higher dorsalis pedis artery or posterior 
491 tibial artery value by the highest brachial artery value obtained from either side 59. 

492 Brachial artery flow-mediated dilation (FMD):
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493 Brachial artery FMD will be measured in response to a reactive hyperaemia test (cuff 
494 occlusion) at weeks 1, 8 and 34. Brachial artery FMD is an independent predictor of 
495 cardiovascular events in patients with PAD 95. As per standard procedures 96, brachial artery 
496 FMD will be measured with participants in the supine position after 10 minutes of rest. This 
497 measurement will involve a rapid inflation of a pressure cuff positioned at the forearm. A 10-
498 MHz multi-frequency linear array probe, attached to a high-resolution ultrasound machine 
499 (Terason, Burlington, US) will be used to image the brachial artery (2 cm proximal to the 
500 elbow). The ultrasound settings will be optimised for each individual and will be kept constant 
501 between all assessments. Continuous Doppler velocity will also be obtained using the 
502 ultrasound at an insolation angle of 60°. Following baseline assessments, reactive hyperaemia 
503 will be induced by inflating the cuff to 200 mmHg for 5 minutes. Artery diameter and flow 
504 recordings will resume 30 seconds before cuff deflation and continue for 3 minutes thereafter 
505 97. Brachial artery FMD will be expressed as a relative change (percent change) in peak arterial 
506 diameter from baseline (pre cuff inflation) to post cuff deflation. The analysis of the brachial 
507 artery FMD will be undertaken using a continuous edge-detection and wall-tracking software.

508 Arterial stiffness:

509 Arterial stiffness outcomes incorporate measures of augmentation index (AIx) and carotid-
510 femoral artery pulse wave velocity (PWV) and will be assessed at weeks 1, 8 and 34. Arterial 
511 stiffness is an independent predictor of cardiovascular disease and all-cause mortality rates in 
512 patients with PAD 98,99. After resting in the supine position for 10 minutes, brachial artery pulse 
513 waves will be obtained by partially inflating a cuff over the right brachial artery using a 
514 SphygmoCor XCEL system (AtCor Medical Pty Ltd, Sydney, Australia) and following 
515 standard guidelines (100,101). The brachial waveforms will be used to generate central aortic 
516 pressure waveforms, and to determine AIx, which is the ratio of wave reflection amplitude 
517 relative to central pulse pressure. For the PWV assessment, the carotid-femoral PWV will be 
518 measured using the applanation tonometry technique. A hand-held tonometer probe (AtCor 
519 Medical Pty Ltd, Sydney, Australia) will be held against the skin surface over the right carotid 
520 artery to obtain carotid-artery pulse waves, and a pressure cuff will be placed around the right 
521 upper thigh to record femoral artery pulse waves. The distance from the carotid site above the 
522 suprasternal notch to the proximal edge of a thigh cuff over the femoral artery will be measured 
523 using a tape measure over the body area. The carotid and femoral pulse waves will be recorded 
524 simultaneously, and the femoral pulse wave requires the thigh cuff to be partially inflated. The 
525 PWV will then be automatically calculated as the ratio of the distance between the pulse 
526 measuring sites to the time delay between the carotid and femoral pulse waves. PWV will be 
527 recorded as the average of triplicate measurements.

528 Biomarkers of cardiovascular disease (CVD) risk:

529 Biomarkers of CVD risk will be assessed at weeks 1 and 34. The most recent blood test (within 
530 8 weeks of baseline and within 8 weeks of follow-up visit) will be retrieved from the medical 
531 records of each participant. Biomarkers of CVD risk will include total cholesterol, 
532 triglycerides, high-density lipoprotein, low-density lipoprotein, and haemoglobin A1c levels.
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533 Sample size calculations

534 Sample size calculations were conducted for the primary outcome 6-minute walk distance and 
535 the secondary outcome maximal walking time during the graded treadmill walking test. 

536 6MWT:

537 Previous studies that assessed the effects of post-revascularisation exercise therapy indicated a 
538 potential effect of 53.2 m with a standard deviation of 81 m for 6-minute walk distance 56,102. 
539 This would provide a medium effect size of 0.65. To establish this effect from baseline to week 
540 8 with 80% power and an alpha 0.05, 30 participants would be required in each group. Allowing 
541 for 10% dropout, 33 participants will be recruited in each group (total N=66).

542 Graded treadmill walking test: 

543 A previous study that assessed the effects of post-revascularisation exercise therapy indicated 
544 a potential effect of 5 minutes and 46 seconds with a standard deviation of 6 minutes and 13 
545 seconds for maximal walking time during the graded treadmill walking test 37. This would 
546 provide a large effect size of 0.89. To establish this effect from baseline to week 8 with 80% 
547 power and an alpha 0.05, 17 participants would be required in each group (total N=34). As this 
548 outcome of maximal walking time during the treadmill test is a secondary outcome, participants 
549 will be given the option to opt out of performing this test during the trial.

550 Statistical analysis

551 Data analysis will follow the CONSORT statement for randomised-controlled trials 69. All data 
552 collected will be deidentified and coded throughout the trial. The data collected will remain 
553 coded for participant confidentiality purposes. Baseline data for the two groups will be 
554 provided using counts and percentages, and means and standard deviations (or non-parametric 
555 equivalents) for categorical variables. Furthermore, tables will show the outcome measures at 
556 weeks 8 and 34 and percent changes from baseline.

557 The primary analysis will be performed based on the intention-to-treat principle, where all 
558 participants will be analysed as per their allocation, regardless of the treatment they received. 
559 Non-adherence will be assessed through per-protocol analyses. Per protocol analysis will 
560 primarily include participants that attend at least 70% of the supervised CR exercise sessions 
561 (i.e., 9 exercise sessions overall) during the 6-week intervention period. The total number of 
562 supervised exercise sessions completed will be included in the analysis as a covariate. 

563 Statistical analyses will be conducted using the IBM SPSS software (SPSS Inc, Chicago, IL). 
564 The data will be tested for normality using the Shapiro-Wilk test and will be considered 
565 normally distributed when P > 0.05. Analyses will be conducted using analysis of variance 
566 (ANOVA) for repeated measures. The primary comparison will be change in 6-minute walk 
567 distance from baseline to post intervention (week 8) in the CR versus the usual care group. 
568 Additional analyses will be performed from baseline to 6-month follow-up timepoint (week 
569 34). As required, confounding variables (including comorbidities, age, sex, smoking behaviour, 
570 medications) will be adjusted for using analysis of covariance (ANCOVA). In all analyses, P 
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571 < 0.05 will be considered statistically significant. Post-hoc analysis will be performed when a 
572 significant effect is present.

573 Data management

574 All data collected during the study will be coded and stored for a minimum of 15 years. 
575 Prospective participants will initially be assigned a screening number, and upon consent into 
576 the study they will be assigned a participant identification code. A coding log will be 
577 maintained and kept in a secure location (hard copy in locked cabinet and electronic copy on 
578 password protected file) in accordance with the International Council on Harmonisation Good 
579 Clinical Practice (GCP) guidelines, the study data management plan, and the data security 
580 policy of the University of the Sunshine Coast. The only personnel who will have access to 
581 participants’ individual identity are the Principal Investigator (CDA) and authorised project 
582 staff. Access to the coding log would only occur in the case where further medical history 
583 information is required in relation to a specific participant, in cases of emergency (e.g., to 
584 identify and contact next of kin), or during the investigation of any events (e.g., serious adverse 
585 event). 

586 All individual participant information will be de-identified in the reporting of data and resulting 
587 publications or presentations to fully protect the confidentiality of participants. Participants 
588 will be informed in the PICF that information or reports from the study will be prepared and 
589 will be submitted for publication. Participant information will normally be presented as group 
590 data. If necessary, information obtained from specific individuals may be presented; however, 
591 names will not be used to identify the individuals. Participants will only be identified in such 
592 publications by an identification number and possibly their age and gender.

593 Adverse events

594 Information on all adverse events (study-related and non-study related) will be recorded 
595 immediately in the trial adverse event report form and in the appropriate case report form for 
596 the relevant participant. All clearly related signs, symptoms, and abnormal procedural results 
597 will be recorded. For all recorded adverse events, the Principal Investigator or delegate will 
598 determine the adverse event’s causality to the intervention and the severity or intensity of the 
599 event. The clinical course of each event will be followed until resolution, stabilisation, or until 
600 it has been determined that the study intervention or participation is not the cause. All logged 
601 events will be summarised and reported to the participant’s general practitioner and the relevant 
602 human research ethics committees and governance agencies as part of the reporting 
603 requirements. 

604

605 PATIENT AND PUBLIC INVOLVEMENT

606 No patient and public involvement.

607

608 ETHICS AND DISSEMINATION
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609 This study has received ethics approval from the Human Research Ethics Committees (HREC) 
610 of Queensland Health Metro North Hospital and Health Service (94155), and the University of 
611 the Sunshine Coast (S231914). Any protocol amendments will be submitted to the 
612 aforementioned HREC for approval.  Findings from this study will be disseminated in peer-
613 reviewed journals and through national and international conference presentations.
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963 FIGURE CAPTIONS

964 Figure 1. Overview of the Saving Legs and Lives study.
965 CR, cardiovascular rehabilitation; 6MWT, six-minute walk test; AIx, augmentation index; PWV, pulse wave velocity; WIQ, walking impairment 
966 questionnaire; ICQ, intermittent claudication questionnaire; V̇O2peak, peak oxygen uptake. 
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990 TABLES
991 Table 1. Schedule of participant enrolment, intervention, and assessment

MILESTONES ACTIVITY Screen Baseline (Pre-intervention) Post-intervention Follow-up

WEEK 0 1 8 34
VISIT (timepoint) 1 2 3 4 5 6

Patient identification XRECRUITEMENT

Pre-screen checklist for eligibility X
Consent X
Confirm eligibility X
Demographics and health history X

ENROLEMENT & 
SCREENING

Familiarisation with six-minute walk test X
RANDOMISATION Stratification & randomisation X
INTERVENTION Usual care plus community-based CR program (weeks 2 to 7)

CONTROL Usual care (weeks 2 to 7)
PRIMARY OUTCOME Six-minute walk test X X X

Treadmill walking test & cardiorespiratory fitness test with ECG* X X
Quality of life (WIQ, ICQ) X X X

SECONDARY 
OUTCOMES

Physical activity levels (7-day accelerometer, physical activity survey) X X X
Ankle-to-brachial systolic blood pressure index X X X
Brachial artery flow-mediated dilation assessment X X X
Arterial stiffness assessments (AIx, carotid-femoral artery PWV) X X X

EXPLORATORY 
OUTCOMES

Markers of CVD (total cholesterol, LDL, HDL triglycerides, HbA1c) X X
992 Note: All participants will continue to receive usual care and medical advice from their general practitioner (local doctor) and vascular surgeon, and they will be randomly allocation to a 
993 community-based cardiovascular rehabilitation program (intervention) or usual care group (control) for 6-weeks. Prior to randomisation participants will be stratified to account for type of 
994 procedure (e.g., open surgical vs endovascular procedure) and time since procedure (< 12 weeks vs > 12 weeks). Outcome measures will be assessed at baseline (week 1), at the end of the 
995 intervention / usual care period (week 8) and again at 6-month follow-up (week 34). *As the treadmill walking test and the cardiorespiratory fitness test are secondary outcomes participants will 
996 be given the option to opt out of performing those assessments. For the post-intervention assessments at weeks 8 and 34, the assessment window may be extended by up to 7 days to 
997 accommodate unforeseen circumstances (e.g., participant illness). CR, cardiovascular rehabilitation; ECG, electrocardiogram; WIQ, walking impairment questionnaire; ICQ, intermittent 
998 claudication questionnaire; AIx, augmentation index; PWV, pulse wave velocity; CVD, cardiovascular disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, 
999 haemoglobin A1c. 
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Recruitment 

(N=66) 

• Outpatient clinics 

and advertising 

• Informed consent 

Screening: 

• Demographics 

• Medical history 

• Anthropometric 

measurements  

• Familiarisation 

with 6MWT 

CR (N=33) 
Weeks 2 to 7 

• Usual care plus 2 x 60 

minutes of community-

based CR exercise sessions 

per week 

 

Usual care (N=33) 
Weeks 2 to 7 

• Usual care without CR 

exercise sessions (control) 

 

R
a

n
d

o
m

isa
tio

n
 

6 months follow-up 
Weeks 8 to 34 

• Usual care  

• No intervention 

 

6 months follow-up 
Weeks 8 to 34 

• Usual care  

• No intervention 

 

Outcomes 

Primary outcome: 

• 6-minute walk distance  

Secondary outcomes: 

• Pain free walk distance (6MWT) 

• Treadmill test walk distances 

• Cardiorespiratory fitness (V̇O2peak) 

• Self-reported walking capacity (WIQ) 

• Disease-specific quality of life (ICQ) 

• Physical activity levels  

Exploratory outcomes: 

• Ankle-brachial blood pressure index 

• Brachial artery flow-mediated dilation 

• Arterial stiffness (AIx, carotid-

femoral artery PWV) 

• Cardiovascular disease biomarkers 

(assessed through medical records) 

W
eek

 1
  

W
eek

 8
  

W
eek
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4

  

Outcome measures 
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Supplementary Table 1. Cardiovascular rehabilitation exercise program 

Week 

Treadmill walking Lower limb resistance exercises  Upper body continuous movements / activities  

Walking bouts Bout duration Total time Exercise Sets Repetitions Total time Exercise Sets  Duration Total time 

1 5 2 minutes 10 minutes 

1) Sit-to-stand 2 12 

10 minutes 

1) Upright rowing (dumbbells) 4 1 minute 

20 minutes 2) Seated leg extensions 2 12 2) Arm cycling  3 1 minute 

3) Standing calf raises  1  12  3) Ski ergometry 3 1 minute 

2 7 2 minutes 14 minutes 

1) Sit-to-stand 2 12 

12 minutes 

1) Upright rowing (dumbbells) 3 1 minute 

14 minutes 2) Seated leg extensions 2 12 2) Arm cycling 2 1 minute 

3) Standing calf raises  2  12 3) Ski ergometry 2 1 minute 

3 10 2 minutes 20 minutes 

1) Sit-to-stand 2 12 

10 minutes 

1) Upright rowing (dumbbells) 2 1 minute 

10 minutes 2) Seated leg extensions 2 12 2) Arm cycling 2 1 minute 

3) Standing calf raises  1 12  3) Ski ergometry 1 1 minute 

4 12 2 minutes 24 minutes 
1) Sit-to-stand 2 12 

8 minutes 
1) Upright rowing (dumbbells) 2 1 minute 

8 minutes 
2) Standing calf raises 2 12 2) Arm cycling 2 1 minute 

5 14 2 minutes 28 minutes 
1) Sit-to-stand 2 12 

6 minutes 
1) Upright rowing (dumbbells) 2 1 minute 

6 minutes 
2) Standing calf raises 1 12 2) Arm cycling 1 1 minute 

6 15 2 minutes 30 minutes 
1) Sit-to-stand 1 12 

4 minutes 
1) Upright rowing (dumbbells) 2 1 minute 

6 minutes 
2) Standing calf raises 1 12 2) Arm cycling 1 1 minute 

Intensity progression criteria Intensity progression criteria Program progression criteria 

Adjust speed and/or gradient of treadmill to increase the power output by 

10 watts for the next walking bout if:  

• Participant completes walking bout without reaching near-

maximal claudication pain (number 3-4 on claudication pain 

scale) or rate of perceived exertion on Borg scale is less than 3 

(out of 10) by the end of the walking bout. 

Increase repetitions and/or weight for the next set if: 

• Participant is able to perform 12 repetitions with ease and 

optimal exercise technique 

• Exercise does not induce moderate to near-maximal 

claudication pain or rate of perceived exertion is less than 
3 (out of 10) by the end of the set 

The aim of the upper body activities / exercises is to provide a break in between 

treadmill walking and lower limb resistance exercises. 

• To progress the exercise program, reduce upper body activity time and 

increase treadmill walking time 

 

• To regress the exercise program, reduce treadmill walking time and 

increase upper body activity time 

Adjust speed and/or gradient of treadmill to decrease the power output by 

10 watts for the next walking bout if: 

• Participant fails to complete walking bout  

• Heart rate exceeds 90% of predicted maximum heart rate for 

30 seconds 

• Rate of perceived exertion is 8 or higher (out of 10) 

 

Note: If the participant fails to complete a walking bout, provide up to 30 

seconds of rest or rest up to the end of the bout and then resume exercise 
program. 

Decrease repetitions and/or weight for the next set if: 

• Participant is unable to complete the set with optimal 

exercise technique 

• Rate of perceived exertion is 8 or above (out of 10) 
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