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Cardiac rehabilitation 
• Agency of Health Care Policy and Research 

(AHCPR, 1995): Comprehensive long-term services 
involving medical evaluation, prescribed exercise, 
cardiac risk factor modification, education, 
counseling and behavioral interventions – not just 
exercise training 

• AHA scientific statements (2005): 
Coordinated, multifaceted interventions designed 
to optimize a cardiac patient’s physical, 
psychological, and social functioning, in addition to 
stabilizing, slowing, or even reversing the progression 
of the underlying atherosclerotic processes, thereby 
reducing morbidity and mortality 
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Brief history 
• 1950’s: absolute bed rest for 6-8 weeks in post-MI 

patients (mortality of 30-40%) 

• 1960’s: attempt for early ambulation – ECG 

monitoring 

• 1970’s: clinical trials for cardiac rehabilitation 

program 

• After 1980’s: expansion of application of cardiac 

rehabilitation program 
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For congenital heart 
disease? 

• Less evidence than coronary artery disease or heart 

failure 

• Many patients with CHD are becoming grown-up. 

• Long-term management with consideration of 

quality of life is becoming more important. 

• Exercise training 
o Is it really beneficial? 

o How? 
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Measures of physical 
work 

• Work = Force x Distance 
o F = ma 

• Ventilatory oxygen consumption(VO2) 
o The most common biologic measure of physical work 

o Universal relationship between oxygen consumption and energy 

expenditure: 5 kcal / 1 L oxygen 

o Unit 

• Liters per minute 

• METs: 1 METs  3.5 mL/kg/min (resting metabolic rate) 

o Maximal(Peak) oxygen consumption (VO2max) 

 

6 



VO2 = CO x a-vO2 

7 

 

CO: cardiac output 

a-vO2: arterio-venous oxygen difference 



Functional disability in 
CHD due to: 

• The disease itself 

• Deconditioning 
o Sedentary lifestyles 

o Restrictions imposed on them by physicians, parents, teachers and 

children themselves 
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Should respond to exercise training! 



Habitual level of physical activity in normal 
children and in patients 13 girls and 26 boys 

after surgical repair of tetralogy of Fallot 
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  Normal children Patients   

Girls 4.26 (3.9-4.8) 2.19 (1-4) p < 0.001 

Boys 4.37 (3.3-6.9) 3.74 (1.5-6.5) p < 0.05 

Reybrouk, et al. Am Heart J 1986:112:998-1003 

The habitual level of physical activity is expressed as a score based on a questionnaire. 

* Statistical analysis was performed after logarithmic transformation of the values to normalize the 

distribution of data. Therefore the geometric mean and the range are reported 
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Six steps evaluating adolescent 

and adult patients with CHD 
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Evaluation 
• Ventricular assessment (systolic function, presence 

of hypertrophy and evidence of pressure or fluid 

overload) 

• Pulmonary artery pressure 

• Size of the aorta 

• Presence of arrhythmias 

• Oxygen saturation 
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Cardioplumonary 
exercise test (CPET) 

• Peak VO2, maximal HR, Borg scale 

• O2 saturation 

• Detection of arrhythmia or conduction disorder 

• Blood pressure response to exercise 
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Alternatives of CPET 
• Questionnaire 

• Six-minute walk test 
o Pros: Easy to perform and mimics activities of daily living 

o Cons: only submaximal esp. in patients with mild to moderate disability 

• Exercise test with ECG monitoring 
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Classification of sports 
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Rate of perceive exertion and % 

of maximal heart rate 
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Frequency & duration 
• Minimum of 3-4.5 hr of physical activities per week 

• Minimum minutes per session : 30 min 

• Team sports or competitive sports 
o Difficult to restrict the intensity 

o Peers with similar level of fitness 
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CR studies in CHD 
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Safety 
• None of the more than three dozen randomized 

controlled trials of cardiac rehabilitation exercise 
training in patients with coronary artery disease, 
involving over 4,500 patients, described an increase 
in morbidity or mortality in rehabilitation compared 
with control patient groups. 

• A survey of 142 cardiac rehabilitation programs in 
the United States, 1980 to 1984 
o Nonfatal myocardial infarction: 1 per 294,000 patient-hours 

o Cardiac mortality rate: 1 per 784,000 patient-hours 

o A total of 21 episodes of cardiac arrest occurred, with 
successful resuscitation of 17 patients. 
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Reason for 
underutilization 

• Geographical maldistribution 

• Failure of physicians to refer 
o Esp. for elderly, women and ethnic minority 

• Reimbursement 

• Poor patient motivation 

• Lack of public (even physicians!) awareness of its 
benefits 

• Patients are pushed to return to hectic life very soon, 
leaving no time for cardiac rehab. 
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Home-based program 
• Components  

o Regular clinic follow-up 

o Planned communication 

o Management by rehabilitation nurses and other specially 
trained personnel 

o Periodic trans-telephonic ECG monitoring 

o Smartphones & wearable devices!!! 

• Comparable (to conventional supervised program) 
improvements in functional capacity, without 
reported complications 
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Conclusion 
• Though solid evidence is still not available, exercise-

based cardiac rehabilitation program is likely to be 

beneficial in patients with congenital heart disease. 

• Multi-disciplinary effort is need to have consensus 

on optimal program and its implementation. 
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