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Peripheral artery disease rehabilitation 

Cardiac rehabilitation roles in stroke 

Case study 
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Asymptomatic 

Intermittent claudication  

Calf pain, increasing with walking, disappear 
quickly at rest 

More proximal level i.e. the aortoiliac segment, 
pain extension into thighs and buttocks 

Edinburgh Claudication Questionnaire is a 
standardized method to screen and diagnose 
intermittent claudication, with a 80–90% sen & 
95% spec 
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Ischemic rest pain  

Pain at rest, in supine position  

Rest pain often in the foot  

Permanent coldness in feet 

Should be distinguished from muscle 
cramping or arthritis 

Ulceration, gangrene 

indicate severe ischaemia and begin mostly at 
the level of toes and distal part of the limb.  

often complicated by local infection and 
inflammation 
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Spinal canal stenosis 

Peripheral neuropathy 

Peripheral nerve pain 

Herniated disc 
impinging on sciatic 
nerve  

Osteoarthritis of the 
hip or knee 

Venous claudication 

Symptomatic Baker’s 
cyst 

Chronic compartment 
syndrome 

Muscle spasms or 
cramps 
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Tendera M et al. ESC Guidelines on 
the diagnosis and treatment of 
peripheral artery diseases. Eur 
Heart J. 2011; 32(22): 2851-906. 
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For diagnostic confirmation and/or baseline 
quantification of functional severity  

Objective assessment of treatment in patients with 
intermittent claudication 

Either fixed or graded standardized exercise treadmill 
test 

Pre and postexercise ABI : differentiate arterial 
claudication from nonarterial claudication 
(“pseudoclaudication”). 

6-minute walk test : objective assessment of 
functional limitation and response to therapy in 
elderly or others not amenable to treadmill testing.  
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The integrated use of graded treadmill testing protocols and 
appropriate questionnaires will permit clinically meaningful changes 

to be accurately assessed in patients with PAD.  
Hiatt WR et al. Circulation. 1995; 92(3): 614-21. 
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Gardner AW et al. Progressive vs single-stage treadmill tests for evaluation of claudication. 
Med Sci Sports Exerc. 1991; 23(4): 402-8. 

Hiatt WR et al. Clinical trials for claudication. Assessment of exercise performance, functional 
status, and clinical end points. Vascular Clinical Trialists. Circulation. 1995; 92(3): 614-21. 

 



Limb Outcomes 
 

Cardiovascular Morbidity                      
& Mortality Outcomes 

 
• Relieve symptoms 

• Increase in peak 
walking distance, 
improve exercise 
capacity 

• Improvement in quality 
of life  

• Prevention of progression 
to CLI and amputation 

  

• Decrease mortality/morbidity 
from MI, stroke, and 
cardiovascular death 

 



Mechanisms by Which Exercise May Improve 
Function & Symptoms in Claudication 

Stewart, Hiatt, Regensteiner, Hirsch. NEJM 347:1941-1957 December 12, 2002. 

peripheral artery disease 
Reduced oxygen 

Endothelial 
dysfunction 

Ischemic 
Reperfusion 

Systematic inflammation 
Free radical generation 

Deconditioning and 
worsening: 

Obesity, Hypertension 
Hyperlipidemia 
Hyperglycemia 
Thrombotic risk 

Altered muscle metabolism 
Lactate, Acylcarnitine accumulation 

Altered electron transport 

 

Impaired walking ability 
Decreased quality of life 

Muscle fiber denervation 
Muscle fiber atrophy 

Altered myosin heavy chain 
expression 

Poor aerobic capacity 
Reduced muscle strength and 

endurance 

Effects of exercise training on pathophysiological 
correlates of claudication 
 
Good evidence for improvement 
 
Potential improvement 
 
Short-term: may worsen 
Long-term: may improve 
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Tendera M et al. ESC Guidelines on the diagnosis and treatment of peripheral artery diseases  
Eur Heart J. 2011; 32(22): 2851-906. 



Risk Factor Normalization 

Tobacco use 
Goal complete cessation 

Lipid management 
Goal LDL <100 mg/dL or 
70 if high risk 

Blood pressure control 
Goal <140/90 mm Hg 
Goal <130/80 mm Hg                    
(DM, CKD) 

Blood sugar control (patients 
with diabetes) 

Goal A1C <7% 

BW control 

Antiplatelet Therapy 

Clopidogrel, ASA 

 

Claudication Therapy 

Blood pressure control 

Supervised exercise 
rehabilitation 

Cilostazol (1st line) 

Pentoxifylline 

Revascularization therapy 



 

1 No Pain 

2 Onset of Pain 

3 Mild Pain 

4 Moderate Pain 

5 Severe Pain 

1 Minimal 

2 Moderate 

3 Intense 

4 Unbearable pain 

* 



To confirm diagnosis of PAD and intermittent claudication 

To confirm absence of 
Critical limb ischemia 

Unstable angina 

Decompensated heart failure 

Uncontrolled cardiac arrhythmias 

Severe or symptomatic valvular disease 

Other conditions that could be aggravated by exercise including, but not 
limited to, severe joint disease, uncontrolled diabetes, or uncontrolled 
hypertension 

Poor healing or non-healing wound of legs and feet which could limit 
exercise training 

To screen for exercise-induced myocardial ischemia & arrhythmias 
Exercise stress testing is preferred 

Careful questioning for symptoms is an alternative 

 



Options 

Formal treadmill testing protocols 

6 minute walk test 

Observation during initial treadmill exercise session 

Telemetry monitoring at least during initial sessions 

Goal is to determine 

Claudication threshold 

Cardiovascular response to exercise 

Establish parameters for the exercise prescription 



Frequency: 3-5 times/week 

Intensity: Initial treadmill speed & grade – elicits 
claudication pain (3-4 of 5) in 3-5min until “near 
maximum pain”, maintain for 8-10 min then stand or 
sit. Resume walking immediately when the pain is gone 
as a cycle. 

Type: treadmill, track walking 

Timing: Initially, accumulate 30 min of walking in bouts 
of 8-10 min each. Progress to 30-45 min, including 5 
minutes warm up and cool down. Goal 45-60 min, 
including rest periods 

     Total Time: At least 12 weeks 

     Warm-up and cool-down: 5 min each -10 min if cold 

 



Progression: After the participant can exercise for at 
least 8 min without stopping for 3-4/5 claudication pain  
& cumulative exercise duration of 50 min including rest 
periods  

-> Increase inclination by 1-2% maintain the  same speed   

Advance speed and inclination over time to maintain a 
claudication stimulus to exercise training 

 

      

 



 
After 12 wk, continue daily walking, treadmill 

Clinical benefits have been observed after 4-8 wk of 
program & increase over 12 wk. 

Outcome: Pain-free distance, Maximum walking distance 

Options 

Coordination/balance training (Impaired from leg pain), 
intrinsic foot exer, Accelerometer feedback, arm exercise 
in patients who can not walk 

Resistance training is used, as tolerated, for general 
fitness is complementary to, but not a substitute for 
walking.   
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Anderson JL et al. Management of patients with peripheral artery disease 
(compilation of 2005 and 2011 ACCF/AHA guideline recommendations):  

Circulation. 2013; 127(13): 1425-43. 
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Patients with LEAD associated with CAD are at 
twice the level of risk as those presenting with 
CAD alone. 

Lowering the target for LDL cholesterol from 100 
to 70 mg/dl should be considered.  

Strict control of risk factors 
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Treadmill Testing (graded or constant) 

Six Minute Walk Test 

Shuttle Walk Test 

Four Meter Walking Velocity 

Repeated Chair Rise 

Standing Balance 

Quality of Life Questionnaire 

Program Demographics  

Attendance 
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Minimal 
neurological deficit 

Severe neurological 
deficit 

Small neurological 
deficit  
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Intensive/IPD 
neurorehabilitation 

Ambulatory 
neurorehabilitation 

Cardiac rehabilitation 
model 



 

Prevent complications of prolonged inactivity 

Decrease recurrent stroke and cardiovascular 
events 

Increase aerobic fitness  
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Gordon NF et al. Physical activity and exercise recommendations for stroke survivors: an AHA 
scientific statement from the Council on Clinical Cardiology, Subcommittee on Exercise, 

Cardiac Rehabilitation, and Prevention; the Council on Cardiovascular Nursing; the Council 
on Nutrition, Physical Activity, and Metabolism; and the Stroke Council. Circulation. 2004; 

109(16): 2031-41. 



 

Lower maximal workload, HR, BP responses than 
control subjects during progressive exercise 
testing  due to volitional fatigue 

Peak oxygen uptake is reduced, compared with 
healthy subjects.  
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Evidence now suggests that the exercise trainability of 
stroke survivors may be comparable to that of their age 
matched, healthy counterparts. 

Aerobic capacity is lower in stroke than in cardiac 
patients, but similar post CR program improvement in 
VO2 peak and anaerobic threshold. 
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Mean (±SD) % change in 
SBP (a), and DBP (b) 

between baseline and 
post exercise 8  wk for 
exercise and control 
groups 

Faulkner J, et al. The effect of a short-term exercise programme on haemodynamic adaptability; 
a randomised controlled trial with newly diagnosed transient ischaemic attack patients. J Hum 
Hypertens. 2013. 
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Mean (±SD) % change in Pulse Pressure (a), and HR (b) 

and Double Product (c) 

baseline and post exercise 8  wk for exercise and control groups 







Objectives 

To determine whether fitness training after stroke reduces 
death, dependence, and disability. The secondary aims were to 
determine  the effects of training on physical fitness, mobility, 
physical function, quality of life, mood, and incidence of adverse 
events. 

Selection criteria 

Randomised trials comparing either cardiorespiratory training or 
resistance training, or both, with no intervention, a non-exercise 
intervention, or usual care in stroke survivors. 

45 trials, 2188 participants, which comprised cardiorespiratory 
(22 trials, 995 participants), resistance (8 trials, 275 
participants), and mixed training interventions (15 trials, 918 
participants).  
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Saunders DH et al. Cochrane Database Syst Rev. 2013; 10: CD003316. 
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Authors’ conclusions 

The effects of training on death and dependence after stroke are 
unclear. 

Cardiorespiratory training reduces disability after stroke and this 
may be mediated by improved mobility and balance.  

There is sufficient evidence to incorporate cardiorespiratory and 
mixed training, involving walking, within post-stroke 
rehabilitation programs to improve the speed and tolerance of 
walking; improvement in balance may also occur.  

There is insufficient evidence to support the use of resistance 
training. Further well-designed trials are needed to determine 
the optimal content of the exercise prescription and identify 
long-term benefits. 
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It is recommended that stroke patients undergo graded 
exercise testing with ECG monitoring as part of a medical 
evaluation before beginning an exercise program.  

Careful medical history and physical examination to rule 
out contraindication of exercise 

Cognitive, communication evaluation 

If no exercise testing, start low intensity, similar to CAD 
patients 
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Gordon NF, et al. Physical activity and exercise recommendations for stroke survivors: an 
AHA scientific statement from the Council on Clinical Cardiology, Subcommittee on 

Exercise, Cardiac Rehabilitation, and Prevention; the Council on Cardiovascular Nursing; 
the Council on Nutrition, Physical Activity, and Metabolism; and the Stroke Council. 

Circulation. 2004; 109(16): 2031-41. 
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BP reduction 

Glucose control  

Cholesterol and statin therapy 

Lifestyle modification 
Smoking cessation 

Limited alcohol consumption 

Weight control 

Regular aerobic physical activity  

Salt restriction, and a diet that is rich in fruits, vegetables, and 
low-fat dairy products  

Antiplatelet agents : aspirin/clopidrogel 
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Smoking 
cessation 

Psychosocial 
support 

Dietary 
management 

Physical training, 
Exercise prescription 

Risk factor 
modification 

Multidisciplinary 
Team Approach 
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Optimized medical 
treatment 
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Modern Secondary Prevention Center 




