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History of Cardiac Rehabilitation

 1930’s: 6 weeks of bedrest after MI

 1940’s: chair therapy was introduced  (Levine & Lown)

- New York State Employment Service asked the NYHA to assist in evaluating 
cardiac workers to determine the level of activity the cardiac patient could 
perform safely.

 1950’s (early): 3-5 minutes of daily walking, beginning at 4 weeks.

- 1953: Turell & Hellerstein advocated a multidisciplinary approach

 1960’s (late): 

- Inpatient cardiac rehabilitation (Wenger, Zohman and Tobis)

- Outpatient cardiac rehabilitation (Hellerstein)

 1990’s: Heart failure programs

- Interval training

 2000’s: Home-based programs

- Resistance training



Cardiac rehabilitation
phases (WHO)

1. Acute phase

2. Reconditioning phase

3. Maintenance phase

Rehabilitation of patients with cardiovascular disease. Report of WHO Expert 
Committee, 1964. WHO Technical Report Series No 270. Geneva: WHO.



Outcomes

Mortality
Cardiovascular events

Functional capacity, symptoms
LV function

Myocardial ischemia

Tobacco cessation
Blood pressure

Metabolic control (glycaemia & lipids)
Overweight

Medication adherence

Healthy lifestyle adoption
diet, physical activity and stress management

Daily life activities normalization 
Health Related Quality of Life

Pre Post



Exercise, the
carrier of changes ?



CR components

• patient assessment

• physical activity counseling

• exercise training

• diet/nutritional counseling

• weight control management

• lipid management

• blood pressure monitoring

• smoking cessation

• psychosocial management



At 6 months risk-adjusted analysis, including adjustment for PCI or CABG before 30 days 
and secondary preventive medication use at 30 days, revealed:

• a 43% decrease in risk for MI with smoking cessation

• a 56% decrease  in risk for overall CV events when combining smoking cessation with 
diet and exercise

• a 3.8-fold (95% CI 2.5 to 5.9) increased risk of CV events was noted in patients with 
persistent smoking and non-adherence to diet and exercise. 



10. O’Connor G. Circulation 1989; 80:234–44.; 11. Oldridge N.  JAMA 1988;260:945–50.; 12. Jolliffe J,.The Cochrane Library. Oxford: Update 
Software; 2003. 13. Taylor RS, Am J Med 2005; 116:682–92.  14. Clark A,. Ann Intern Med 2005;143:659–72.

C
ar

d
ia

c 
re

h
ab

ili
ta

ti
o

n
 m

et
a-

an
al

ys
is

 1
9

9
8

 -
2

0
0

5
24%

25%

24%

25%

27%

31%

23%
26%

20%

26%

28%

13%
12%



2991 pts after AMI (52% in CR) from Jan 
1987 to Sep 2010

Lower rates of
• all-cause readmissions: 25%
• cardiovascular readmissions: 20%
• non cardiovascular readmissions: 28%
• mortality: 42%





3241 patients post AMI:
~ 1 month standard cardiac 

rehabilitation
1621 pts:  usual care

1620 pts:
3 years reinforced 

multifactorial intervention



A. Primary composite end point: CV mortality, 
non fatal MI, non fatal stroke, hospitalization 
for angina or HF and urgent revascularization 
(p=0.12)

B. Secondary composite end point: CV mortality, 
non fatal MI and non fatal stroke (p=0.02)

C. Secondary composite end point : Cardiac 
death and non fatal MI  (p=0.02)

D. Secondary composite end point: fatal and 
non fatal stroke (p=0.33)





Secondary prevention
1. Highly cost-effective (<£1000/LYG): 
 ASA and beta-blockers  following AMI, 

angina, revascularisation and heart failure.

2. Reasonably cost-effective (<£6000 per LYG):  
 Cardiac rehabilitation (£1957/LYG)

 ACE inhibitors (£3398/LYG)
 Statins (£4246/LYG)

 CABG surgery (£3239–£4601/LYG)
 Angioplasty (£3845–£5889/LYG).
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Indications for Cardiac Rehabilitation

Classical

AMI

CABG

PTCA

Angina pectoris

Valvular heart diseases

Peripheral arterial disease

“New”

HF (with CRT/ICD)

Heart transplantation

Arrhythmias

Elderly

Position paper of WG of CR of ESC Cardiac Rehabilitation as Secondary Prevention Eur. Heart J. 2003; 24: 1273-1278.







The Heart Manual

 6 weeks, home based post MI rehabilitation 

programme 

 A work book, diaries, record sheets and information 

 2 audio tapes, advice for family, a stress management 

course on tape

 A specially trained ‘Facilitator’

 Exercise programme - walking

 Secondary prevention – written advice

 Cognitive behavioural intervention

change patients beliefs and attributions (cardiac misconceptions) 

self recording 

self help for psychological problems

relaxation and stress management

 Initial face-to-face session, then phone calls or home/clinic visits at week 1, 
4, 6 after discharge.



Home-based vs Center-based CR

 Birmingham Rehabilitation Uptake Maximisation study1

 525 participants following MI or coronary revascularization (PCI or 
CABG) from four hospitals.

 no difference in risk factor control (blood pressure, total and HDL 
cholesterol, or smoking cessation), self-reported physical activity, or 

distance walked on the incremental shuttle walk test (ISWT).

 Cochrane review2 of 12 RCT, more than 1800 participants.
 Similar risk factor control, overall health related quality-of-life 

measures, all-cause mortality, cardiac events and costs.

1 . Jolly K  et al. BRUM) study. Heart 2009; 95:36–42. 
2. Dalal HM, et al. Cochrane systematic review and meta-analysis. BMJ 2010; 340:b5631. 



CR phases

Center-based

Phase II
Reconditioning

Phase I
In-hospital

Phase III
Maintenance

Home-based

Community facility
Coronary club, etc

Individual

Center-based

Home-based / community



 5886 patients (20.8% females; mean age = 60.6), refered for 
CR in Calgari/Canada between 1996 and 2009.

 Comparison between those who completed (n=2900, 
43%) vs those who didn´t completed the CR program.

 The completers had:

 41% lower mortality

 23% lower all cause hospitalizations

 32% lower cardiac hospitalizations
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Circulation 2010; 122: 1221-1238



CR mechanisms of benefit

 1980’s 
• Muscles oxidative enzymes & mitocondria

• Increased parasympathetic tone (bradicardia and less arrythmias)

• Blood changes: 
 Lipids: Increase HDL & lowers tryglicerides

 Coagulation: reduced viscosity & coaguability (platelets function, PAI…)

 2000’s 
• Endothelial function & inflammation

• EPC 

 2010’s
• Telomeres

• Endocrine muscle



Circulation. 2014;129:798-810



Telomeres

Majon Muller & Ton J. Rabelink. European Heart Journaldoi:10.1093/eurheartj/ehu252
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Training modalities

Three modalities in different combinations:

1. endurance aerobic
• continuous and interval

2. strength/resistance

3. respiratory muscles

European J Heart Failure, 2011; 13:347-357



exercício aeróbio



CPX



Carvalho VO & Mezzani A , Europ J Cardiovasc Prevention Rehab 2011; 18: 5-14



Aerobic training modalities







Exercise training 

Resistance training:

– Frequency: 2-3 days/wk;

– Intensity: 10-15 repetitions per set to 
moderate fatigue;

– Duration: 1-3 sets of 8-10 different upper 
and lower body exercises;

– Modalities: callisthenics, elastic bands, 
cuff/hand weights, dumbbells, free weights, 
wall pulleys or weight machines;

Circulation 2007; 115: 2675 2682







Rational for inspiratory 
muscle training 
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CR in Portugal – the missing
intervention!



Covilhã

Distribuição dos centros



System blocks …

Referral Doctors

Inclusion Patients

Dropouts Program

Third party payers



Causes of lower participation in CR

 Patients point of view:

 Main reason: lack of money

 Other barriers: 
 Lack of motivation

 Time conflicts (work and family commitments)

 Non referral by the attending cardiologist/doctor

 Programs directors point of view:

 Lack of money and motivation

Barriers to outpatient cardiac rehabilitation participation and adherence.

Evenson KR. J Cardiopulm Rehabil. 2000 ;20: 241-6. 

School of Public Health, University of North Carolina-Chapel Hill, USA 



non-attendance & withdrawal

 women2

 elderly1,2,6

 unemployed2,6

 lower education or social class2,5

 lack of understanding that the disease is 
controllable and related to lifestyle 6

 living alone5

1. King KM. Can J Cardiol 2001; 17: 291; 2. Evenson KR. J Cardiopulm Rehab. 1998; 18:192
3. Johnson NA. Prev Med 1988; 27: 56. 4. Halm M. J Cardiovasc Nurs 1999; 83
5. Ramm C. N Z Med J. 2001; 6. Cooper A. Heart 1999; 82: 234



Evidences in favor of CR

XXXXXXXXXSurvival

XXXXXXXXXMorbidity

XXXPerfusion & LV function

XXXArrhythmias

XXXRisk factors control

XXXXXSymptoms

XXXXXQoL/Stress management

XXXSocialization 

XXXXX Work resumption

XXXXXCost-effectiveness

Third party 

payers

InclusionReferral

NHS & InsurancesPatientsDoctors
Evidences





 30% of the candidates enrolled in a CR program by 2020.

 A Phase I  program in every hospital with a Cardiology or Cardiac Surgery 
department.

 A Phase II  program in every hospital with a Cardiology or Cardiac Surgery 
department or in a specific Cardiac Rehabilitation Outpatient centre (with 
reimbursement), with a duration of:

• 2-3 months after a coronary event (ACS, PTCA or CABG)

• 6 months for HF or after cardiac transplant

 Phase IV programs (without reimbursement):

• Coronary club, community gymnasium, or

• Autonomous exercise in connexion with the phase II center

I have a dream !...




