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Historical Background
• 1772: Case-report of a patient who improved from angina pectoris by

working in the woods half an hour per day (Heberden)

• 1912: description of the myocardial infarction by Herrick

• 1930: recommandations of 6 weeks of bed rest after acute coronary
events

• Early 1950: introduction of very short daily walk of 3 to 5 min 4 weeks
after coronary events



Historical Background
• 1953: Study showing that the bus drivers in London had a higher rate

of coronary events compared to ticket sellers (1)

• 1966: detrimental effects of prolonged immobilization by the training
of candidates for space flights (2)

• 1968: Dallas Bed Rest and Exercice Study (3)

• 60’s: Studies of Sarnoff, Sonnenblick, Hellerstein, Naughton,
Braunwald



Monitored cardiac rehabilitation (CR)
• Sum of activity and interventions required to ensure the best possible physical, mental, and social

conditions so that patients with chronic or post-acute cardiovascular disease may, by their own
efforts, preserve or resume their proper place in the society and lead an active life (WHO 1993)

Evolution of CR

In the early ages Nowadays

Inclusion criteria Post-infarction patients without complications - Post-infarction patients with complications
- Patients recovering from CABG, PTCA
- Older patients with comorbidities
- Patients with high risk for structured CR (residual myocardial ischemia, compensated heart failure, serious
arrythmia, implateted devices
- Patients with cardiovascular risk factors
- Patients after cardiac transplantation 

Initiation Time remote from the acute event In the early days after the acute event

Components Physical exercice - Baseline patients assessment
- Physical activity councelling and exercice training
- Nutritional councelling
- Risk factors management (lipids, hypertension, weight, diabetes, smoking)
- Psychosocial management
- Vocational councelling
- Optimised medical therapy

Goals Safe return to physical activity - Achievement of a clinical stability, limitation of physiological and psychological effects of cardiac illness
Improvment of the overall functionnal status and maintenance of an independance with emphasising on 
quality of life
- Reduction of the risk of future coronary events, of the progression of underlying atherosclerotic process and 
clinical deterioratio, of morbidity and mortality 4
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Monitored cardiac rehabilitation (CR)
• Physical activity is defined as any bodily movement produced by

contraction of skeletal muscles and resulting in energy expenditure
above the basal level and, as such, part of lifestyle intervention.
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Monitored cardiac rehabilitation (CR)
The benefits achived with CR are the result of the combination of all its components

• Lifestyle:
• Patient life quality benefits are also achieved through the improvement of symptoms (lessening of chest pain,

dyspnea and fatigue), stress reduction and the enhancement of the overall sense of psychosocial well-being
(8)

• Improvement in exercise performance (increase of tolerated metabolic equivalents by 33% and of maximal
oxygen consumption by 16%) with beneficial effects on the quality of life and cardiovascular events (8)

• Heart failure:
• Meta-analysis of 9 randomized studies confirmed a 35% decreases in mortality for heart failure patients (9)
• Randomized controlled trial of exercice training in heart failure (HF-ACTION) involving 2331 patients with an

ejection fraction of 35% or less showed that exercise training can achieve significant reduction (15%) in all-
cause and cardiovascular mortality and heart failure hopsitalisation (10)

• Coronary artery desease:
• Meta-analysis of 63 randomized trials (21295 patients)  17% reduction of recurrent myocardial infarction at

12 months and a 47% reduction of mortality at 2 years with cardiac rehabilitation (6)
• Meta-analysis of 48 randomized trials (8940 patients with coronary disease)  CR was associated with a

significant reduction in all-cause mortality (OR = 0.80; CI 0.68 to 0.93) and cardiac mortality (OR = 0.74; 95%
CI 0.61 to 0.96) (7).



Bradley G. Hammill et al. Circulation. 2010;121:63-70

Cumulative incidence of death by number of cardiac rehabilitation sessions attended. Cumulative incidence of MI by number of cardiac rehabilitation sessions attended.



Monitored cardiac rehabilitation (CR)
• Ades et al. showed that cardiac rehabilitation was more cost-effective

following myocardial infarction, compared to lipid lowering drugs,
thrombolytics and CABG. Only smoking cessation was more cost effective
than cardiac rehabilitation (12).

• Levin et al. showed that cardiac rehabilitation participation following MI or
bypass surgery (with a 5-year follow-up) decreased rehospitalizations from
16 to 11 days, increased the rate of return to work from 38% to 53% and
resulted in an overall cost savings of $12,000 per patient (13).

• Oldridge et al. showed that a 12-weeks participation in cardiac rehabilitation
reduces medical costs by 739$ per patient after only 21 months follow-up
(14).



Monitored cardiac rehabilitation (CR)
• In a study from French registry of over 25,000 patients participating

in 65 cardiac rehabilitation centers in 2003, there was one cardiac
event for every 8484 exercise tests performed, one cardiac event for
every 50,000 patient hours of exercise training, and 1.3 cardiac
arrests for every million patient hours of exercise (15).

• The 2007 American Heart Association scientific statement on exercise
and acute cardiovascular events estimated that the risk of any major
cardiovascular complication (cardiac arrest, death or myocardial
infarction) is one event in 60,000 to 80,000 patient-hours of
supervised exercise (16).

• Patients most at risk are those with residual ischemia, complex
ventricular arrhythmia and severe left ventricular



Monitored cardiac rehabilitation (CR)
• Fewer than one-third of patients eligible for CR currently participate in formal

rehabilitation programmes in most European countries (17,18)

Unsupervised daily physical activity 

Unsupervised home based cardiac rehabilitation

Balady GJ et al, Circulation 2011;124:2951-60.



Meyer P, Kayser B, Kossovsky MP, Sigaud P, Carballo D, Keller PF, et al. Stairs instead of elevators at workplace: cardioprotective effects of a pragmatic intervention. European journal of cardiovascular prevention and rehabilitation :
official journal of the European Society of Cardiology, Working Groups on Epidemiology & Prevention and Cardiac Rehabilitation and Exercise Physiology. 2010; 17(5): 569-75



Kamani et al; Eur J Clin Invest. 2015 Jun 17. doi: 10.1111/eci.12480.



• Article Kamani escaliers

Kamani et al; Eur J Clin Invest. 2015 Jun 17. doi: 10.1111/eci.12480.



• Triggering of acute myocardial infarction by heavy physical exertion,
particularly in people who are habitually sedentary (Mittlemann et al, NEJM
1993;329:1677–1683)

• During 12 years of follow-up, 122 sudden deaths were confirmed among
the 21,481 male physicians who were initially free of self-reported
cardiovascular disease and who provided information on their habitual
level of exercise at base line.

• The relative risk of sudden death during and up to 30 minutes after
vigorous exertion was 16.9 (95 percent confidence interval, 10.5 to 27.0;
P<0.001). However, the absolute risk of sudden death during any particular
episode of vigorous exertion was extremely low (1 sudden death per 1.51
million episodes of exertion).

• Habitual vigorous exercise attenuated the relative risk of sudden death that
was associated with an episode of vigorous exertion (P value for trend=
0.006). The baseline level of exercise was not associated with the overall
risk of subsequent sudden death. (Albert et al, N Engl J Med 2000; 343:1355-1361)



Meta-analyses provide strong evidence that exercise-based cardiac rehabilitation reduces mortality in CAD patients,

but the absence of a sufficiently powered, randomized clinical trial prohibits absolute certainty that exercise

training alone reduces cardiac mortality in CAD patients. Recent clinical trials suggest that exercise training

markedly reduces cardiovascular events after angioplasty and is superior to angioplasty in managing selected patients

with angina pectoris.



Jolly K, Lip GY, Taylor RS, et al. The Birmingham Rehabilitation Uptake Maximisation study BRUM): a 

randomised controlled trial comparing home-based with centre-based cardiac rehabilitation. Heart 2009;95:36-42.



Interventions 
(exercise,relaxation, education and lifestyle counselling)

Centre-based programmes Home-based programmes
- The four centre-based programmes varied in length, including
nine sessions at weekly intervals, 12 sessions over 8 weeks and
24 individualized sessions over 12 weeks.

- Programmes commenced between 4 weeks and 8 weeks
following the cardiac event.

- Patients exercised to 65–75% of their predicted maximal heart
rate and the exercise element of the sessions lasted from 25
minutes to 40 minutes plus warm-up and cool-down elements.

- The home-based programme consisted of a manual, three
home visits (at 10 days, 6 weeks and 12 weeks) and telephone
contact at 3 weeks.
- Patients who had had an MI were discharged home with the
Heart Manual (2nd edition)14 or an adapted version of the
Heart Manual for revascularization patients which commenced
on their discharge.
- Additional visits were made as deemed necessary by the
rehabilitation nurse.
- All the nurses who provided the home-based cardiac
rehabilitation programme attended a two-day training course
run by the originators of the Heart Manual.
- The manual encourages patients to build up their exercise
gradually to achieve a minimum of 15 minutes of moderately
intense activity daily.

Jolly K, Lip GY, Taylor RS, et al. The Birmingham Rehabilitation Uptake Maximisation study BRUM): a 

randomised controlled trial comparing home-based with centre-based cardiac rehabilitation. Heart 2009;95:36-42.



• Significantly more of the participants in the home arm reported undertaking at least three episodes of
at least 15-minutes’ duration of physical activity in the previous 7 days at 6 weeks (95.2% v 85.1%,
p=0.01), but the difference was no longer present at 12 weeks (90.1% v 93.4%, p=0.3)

• Participants in the home arm reported a significantly higher exercise score than those in the centre-
based arm at 9 weeks median (IQR) 5 (3–7) v 3 (3–6) in the centre-based arm (p=0.01).

• Participants allocated to be offered the centre-based arm attended 66% of scheduled rehabilitation
sessions; 73 (28%) did not attend any of the supervised sessions. In the home-based arm participants
received an average of 4.8 (SD 1.5) home contacts. While 241 (96.1%) of the home-participants received
five contacts (by visit or telephone) with a cardiac rehabilitation nurse, only 147 (56.1%) of the centre-
based participants attended this number of classes (p,0.001).

• At 6 months 15.2% of patients allocated to the home programme were attending some form of group-
based exercise (either a phase IV cardiac rehabilitation programme or classes at a leisure centre)
compared to 32.5% of patients allocated to the centre-based programme.

• When all costs including those to patients of travel to the centres was included (societal cost per
patient), the hospital arm cost £896 (95% CI 745 to 1047) per patient compared to £807 (95% CI 684 to
930) in the home arm, making the hospital arm more costly, but with overlapping confidence intervals.



Jolly K, Lip GY, Taylor RS, et al. The Birmingham Rehabilitation Uptake 

Maximisation study BRUM): a randomised controlled trial comparing 

home-based with centre-based cardiac rehabilitation. Heart 2009;95:36-

42.



First randomized controlled trials to investigate the effect of a combined
mode of unsupervised exercise training (walking and muscle
strengthening using body weight) on physical activity and physiological
measures after supervised cardiac rehabilitation.

Kazuhiro et al, Journal of the japanese physical therapy association9: 1-8, 2006



Interventions

Before beginning the programme, each subject
received instruction regarding the exercise regime,
which consisted of at least one hour of walking
every day, including rest periods as necessary

Subjects were contacted by telephone on a
weekly basis in order to assess progress and
reiterate the recommended walking guidelines.

Subjects were instructed to complete exercise
diaries in order to improve accuracy of self-
reported exercise duration.

Roberts et al; Eur J Vasc Endovasc Surg 2008; 36, 319-324



Roberts et al; Eur J Vasc Endovasc Surg 2008; 36, 319-324



Conclusions

• Cardiac rehabilitation has been proven to be safe and effective in
improving cardiovascular patients` life quality and reducing morbidity
and mortality.

• Despite the evidence of its benefits, cardiac rehabilitation remains
underused.

• More patients would benefit from this cost-effective tool by
improving referral and participation to cardiac rehabilitation programs
and individualizing services taking into account the patients' profile.

• Unsupervised cardiac rehabilitation could be a valuable alternative for
selected patients



Conclusions

• In the absence of a local cardiac rehabilitation program by stable
patients, physicians should advise the patient on how to start an
exercise program.

• Instructing patients to exercise daily may increase the possibility that
they will exercise at least 3 times weekly, a frequency commonly used
in exercise training studies of cardiac patients.

• unsupervised patients should exercise at a target HR of 60% to 75% of
their predetermined maximal HR. This value is intentionally lower
than that used in supervised cardiac rehabilitation programs (70% to
85%) to reduce the chance of ischemia in an unsupervised setting.



Thanks for your attention
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