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La RC est constituée par l'ensemble des mesures ayant pour objet 

de rendre au malade ses capacités antérieures et d'améliorer même sa condition 

physique et mentale, lui permettant de reprendre par ses moyens propres une place 
aussi normale que possible dans la société.
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Réadaptation cardiaque

Myopathie du cardiaque

  

Comparaison sujet sain et insuffisant 
cardiaque en IRM musculaire 

Sain Insuffisant cardiaque

  

Comparaison sujet sain et insuffisant 
cardiaque en IRM musculaire 

Troubles perfusion 1

Stress oxydatif 1,2


Cytokines pro-inflamatoires 2 

Anaérobie > aérobie 3 

Acidose précoce 3 
% Fibres II augmente 3 
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OBJECTIVE EFFECTS OF SPORTS TRAINING IN 
PATIENTS ~VITH CARDIAC DISEASE 

The low incidence of cardiac deaths among 
our trainees with ischemic heart disease may be 
regarded as the most significant and direct 
criterion of benefit, suggesting a protective effect 
on the heart of prolonged vigorous physical 
activity. Working conditions and facilities in 
our training program do not yet permit a sta- 
tistical analysis of our records concerning the 
various cardiovascular parameters measured in 
our subjects. At this time we can state, how- 
ever, that favorable changes were observed most 
regularly in the following respects : 

The heart rate was reduced absolutely at rest, 
and relatively after exercise. The cardiac de- 
celeration period after exercise was shortened. 

The relation betuleen respiratory minute volume and 
oxygen uptake per minute, as well as the quotient 
“heart volume/oxygen pulse,” was increasingly 
normalized. 

Depressions of the electrocardiographic S-T segment 
during and after exercise disappeared or were 
diminished in the previously affected leads. 
The amplitudes of R and T waves were aug- 
mented. 

Changes in the radiographic dimensions of the heart 
were, by contrast, not impressive and occurred in 
both directions, i.e., some large hearts decreased 
in size and small ones were somewhat increased. 
Major enlargement, as seen in high performance 
athletes, was not observed. 

Conspicuous efects upon blood pressure levels both at 
rest and during effort were noted. Only in 
some of the younger patients with hypertension 
did we employ antihypertensive medication; 
medication was omitted in most of the older pa- 
tients to avoid orthostatic depression of the blood 
pressure. In general, the resting blood pressure 
tended to diminish when it had been elevated. 
Abnormally high rises or paradoxic falls of blood 
pressure during exercise disappeared gradually. 

Figure 5. Postinfarction patients during 60 M. sprint at sports meeting on Dec. 20, 1965. 

Patient 
I& A B C D 

Age (yr.1 42 52 60 49 
Date of infarct Jan. 62 Jan. 61 Jan. 61 Feb. 62 
Physical training before infarct None Ball until age 20 None None 
Period of training 3 5 mo: yr., 3 6 mo. yr., 3 3 mo. yr., 1 yr. 
Circulatory profile 

Before training 39 45 45 55 
After training 63 65 83 72 

VOLUME 22, SEPTEMBER 1968 

•1937 : Entrainement des infarctus du myocarde (Gottheiner, Tel-Aviv)

•1949 : Effets néfastes du décubitus prolongé (3 semaines) : –17% du volume cardiaque cardiaque radiologique, +10 batt/min de la FC de repos, 

FC d’effort maximale supérieure à +40 batt/min vs contrôle (Taylor, 

•1951 : La mise au fauteuil précoce des IC améliore les patients IC comparé au décubitus strict prolongé alors préconisé (Levine, Boston)

•1953 : Les chauffeurs de bus font plus d’accident coronariens (x1,5) que les vendeurs/contrôleurs de tickets (Morris, Londres)


•1967 : bases scientifiques et modalités pratique de la réadaptation (OMS Europe & SIC, Pays-Bas)

•1968 : Des coronariens disputent un sprint (100 m) en post-infarctus (Gottheiner, Tel-Aviv)

•1970 : Perte d’élan en cardiologie face au développement des techniques de revascularisation, des traitements cardioprotecteurs et de leur effets 

bénéfiques rapides

•1990 : Effet anti-ischémique de l’entrainement similaire au BB– (IC Todd)

•1991 : Création du Groupe Exploration Fonctionnelle et Réadaptation de la SFC

•1997 : 1ère recommandations de la SFC sur la RCV

•2009 : Création du GERS, recommandations 2011 EAPC, 2012 GERS
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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Fig. 1 | Components of comprehensive cardiac rehabilitation. A schematic summary 
of the major components of comprehensive cardiac rehabilitation. Adapted by 
permission from BMJ Publishing Group Limited. [Advances in rehabilitation for chronic 
diseases: improving health outcomes and function. Richardson C.R., Franklin B., Moy M.L., 
Jackson E.A., 365, l2191, 2019].
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of the major components of comprehensive cardiac rehabilitation. Adapted by 
permission from BMJ Publishing Group Limited. [Advances in rehabilitation for chronic 
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Effets bénéfiques de l’activité physique

La réadaptation cardiaque :  
bénéfices de l’activité physique

Psychologiques

Activité physique : Bénéfices

Effets sur les FdR

Anti-ischémique

Anti-arythmique

Anti-thrombotique

« Effet poly-pilule »

Amélioration du profil lipidique 
Diminution de la PA 
Réduction de l’obésité 
↑ insulino-sensibilité 
↓ inflammation

↑ flux coronaire 
↓demande myocardite en O2 
↓dysfonction endothéliale

↑ tonus vagal 
↓ stimulation sympathique 
↑HRV et ergo-reflexe

↓ aggrégation placentaire 
↓ fibrinogène 
↑ fibrinolyse 
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Figure 3. Survival Curves for Normal Subjects Stratified According to Peak Exercise Capacity (Panel A) and According to the Per-
centage of Age-Predicted Exercise Capacity Achieved (Panel B) and Survival Curves for Subjects with Cardiovascular Disease Strat-
ified According to Peak Exercise Capacity (Panel C) and According to the Percentage of Age-Predicted Exercise Capacity Achieved
(Panel D).
In all the analyses, the stratification according to exercise capacity discriminated among groups of subjects with significantly dif-
ferent mortality rates — that is, the survival rate was lower as exercise capacity decreased (P<0.001).
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variable that was significantly associated with mortal-
ity from any cause.32 These investigators also observed
that each 1-MET increment in the peak treadmill
workload was associated with a 14 percent reduction
in cardiac events among younger subjects (those less
than 65 years old) and an 18 percent reduction among
elderly subjects.

In recent years, questions have been raised about
which variable has superior prognostic power: exercise

capacity relative to age- and sex-predicted standards
or absolute exercise capacity.33-35 We found that exer-
cise capacity expressed as a percentage of the age-pre-
dicted value was not superior to the absolute peak ex-
ercise capacity in terms of predicting survival. Other
studies in this area have focused only on patients with
congestive heart failure and have had conflicting find-
ings.33-35

We were also interested in whether our results
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off points for the percentage of age-predicted exer-
cise capacity achieved (e.g., 50 percent or 75 percent
of age-predicted values).

DISCUSSION
Our results demonstrate that exercise capacity is a

strong predictor of the risk of death in patients re-
ferred for exercise testing for clinical reasons. The
importance of exercise capacity, physical-activity sta-
tus, or both in predicting survival has been reported
in asymptomatic populations such as those of the
Framingham Study,11 the Aerobics Center Longitu-
dinal Study,8,9 the Lipid Research Clinics Trial,7 and
the Harvard Alumni study.24 Our population was
unique in that it afforded us the opportunity to assess
subjects both with and without documented cardio-
vascular disease. Whereas the above-mentioned studies
involved generally healthy populations, our data dem-
onstrate that exercise capacity is a similarly important
marker of risk in a clinically referred population and
among men both with and without existing cardiovas-
cular disease. Unlike the estimates of activity status or
the submaximal exercise tests used in many studies, the
maximal exercise testing used in the present study pro-
vided an objective measure of physical fitness.25 

In both healthy subjects and those with cardiovas-
cular disease, the peak exercise capacity achieved was
a stronger predictor of an increased risk of death than
clinical variables or established risk factors such as hy-
pertension, smoking, and diabetes, as well as other ex-
ercise-test variables, including ST-segment depression,
the peak heart rate, or the development of arrhythmias
during exercise. Our data also confirm the protective
role of a higher exercise capacity even in the presence
of other risk factors.7-9,24,25 In all subgroups defined
according to risk factors, the risk of death from any
cause in subjects whose exercise capacity was less than
5 MET was roughly double that of subjects whose ex-
ercise capacity was more than 8 MET (Fig. 1).

Poor physical fitness is a modifiable risk factor, and
improvements in fitness over time have been demon-
strated to improve prognosis.2,9 Our observation that
every 1-MET increase in treadmill performance was
associated with a 12 percent improvement in survival
underscores the relatively strong prognostic value of
exercise capacity. In addition, it confirms the presence
of a graded, inverse relation between exercise capacity
and mortality from any cause.7-11 Recent long-term
findings from the National Exercise and Heart Disease
Project26 among patients who had had a myocardial

Figure 1. Relative Risks of Death from Any Cause among Subjects with Various Risk Factors Who Achieved an Exercise Capacity of
Less Than 5 MET or 5 to 8 MET, as Compared with Subjects Whose Exercise Capacity Was More Than 8 MET.
Numbers in parentheses are 95 percent confidence intervals for the relative risks. BMI denotes body-mass index, and COPD chronic
obstructive pulmonary disease.
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infarction demonstrated that every 1-MET increase in
exercise capacity after a training period was associat-
ed with a reduction in mortality from any cause that
ranged from 8 percent to 14 percent over the course
of 19 years of follow-up. In a study involving serial
evaluations in nearly 10,000 men, Blair et al.9 observed
a 7.9 percent reduction in mortality for every one-min-
ute increase in treadmill time (roughly equivalent to
the 1-MET change in our study). 

In combination, these findings demonstrate that
both a relatively high degree of fitness at base line and
an improvement in fitness over time yield marked re-
ductions in risk. The relative weight of exercise capac-
ity in the model for assessing risk in both normal
subjects and those with cardiovascular or pulmonary
disease in our study, along with the fact that an im-
provement in exercise capacity lowers the risk of
death,9,26 suggests that health professionals should
incorporate into their practices strategies for promot-
ing physical activity, in addition to the routine treat-
ment of hypertension and diabetes, the encourage-
ment of smoking cessation, and the like.

Our findings in normal subjects are similar to those
of other studies8,27,28 in that we observed the most
striking difference in mortality rates between the least-

fit quintile and the next-least-fit quintile. This obser-
vation concurs with the consensus (reflected in the
recommendations of the Centers for Disease Control
and Prevention and the American College of Sports
Medicine2 and the report of the Surgeon General on
physical activity and health29) that the greatest health
benefits are achieved by increasing physical activity
among the least fit. Among subjects with cardiovascu-
lar disease, however, we observed a nearly linear reduc-
tion in risk with increasing quintiles of fitness. Since
most studies assessing the relation between fitness and
mortality have excluded subjects with cardiovascular
disease,30 these findings require confirmation.

Few studies have similarly assessed the prognostic
value of exercise tolerance among patients specifically
referred for exercise testing for clinical reasons. Roger
et al.31 retrospectively assessed 2913 men and women
from Olmsted County, Minnesota, and reported that
among exercise-test variables, exercise capacity had the
strongest association with overall mortality and cardi-
ac events among subjects of both sexes. More recently,
this group addressed the association between clinical
and exercise-test variables among young and elderly
subjects in Olmsted County and observed that the
peak workload achieved was the only treadmill-test

Figure 2. Age-Adjusted Relative Risks of Death from Any Cause According to Quintile of Exercise Capacity among Nor-
mal Subjects and Subjects with Cardiovascular Disease.
The subgroup of subjects with the highest exercise capacity (quintile 5) was used as the reference category. For each
quintile, the range of values for exercise capacity represented appears within each bar; 95 percent confidence intervals
for the relative risks appear above each bar.
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off points for the percentage of age-predicted exer-
cise capacity achieved (e.g., 50 percent or 75 percent
of age-predicted values).

DISCUSSION
Our results demonstrate that exercise capacity is a

strong predictor of the risk of death in patients re-
ferred for exercise testing for clinical reasons. The
importance of exercise capacity, physical-activity sta-
tus, or both in predicting survival has been reported
in asymptomatic populations such as those of the
Framingham Study,11 the Aerobics Center Longitu-
dinal Study,8,9 the Lipid Research Clinics Trial,7 and
the Harvard Alumni study.24 Our population was
unique in that it afforded us the opportunity to assess
subjects both with and without documented cardio-
vascular disease. Whereas the above-mentioned studies
involved generally healthy populations, our data dem-
onstrate that exercise capacity is a similarly important
marker of risk in a clinically referred population and
among men both with and without existing cardiovas-
cular disease. Unlike the estimates of activity status or
the submaximal exercise tests used in many studies, the
maximal exercise testing used in the present study pro-
vided an objective measure of physical fitness.25 

In both healthy subjects and those with cardiovas-
cular disease, the peak exercise capacity achieved was
a stronger predictor of an increased risk of death than
clinical variables or established risk factors such as hy-
pertension, smoking, and diabetes, as well as other ex-
ercise-test variables, including ST-segment depression,
the peak heart rate, or the development of arrhythmias
during exercise. Our data also confirm the protective
role of a higher exercise capacity even in the presence
of other risk factors.7-9,24,25 In all subgroups defined
according to risk factors, the risk of death from any
cause in subjects whose exercise capacity was less than
5 MET was roughly double that of subjects whose ex-
ercise capacity was more than 8 MET (Fig. 1).

Poor physical fitness is a modifiable risk factor, and
improvements in fitness over time have been demon-
strated to improve prognosis.2,9 Our observation that
every 1-MET increase in treadmill performance was
associated with a 12 percent improvement in survival
underscores the relatively strong prognostic value of
exercise capacity. In addition, it confirms the presence
of a graded, inverse relation between exercise capacity
and mortality from any cause.7-11 Recent long-term
findings from the National Exercise and Heart Disease
Project26 among patients who had had a myocardial

Figure 1. Relative Risks of Death from Any Cause among Subjects with Various Risk Factors Who Achieved an Exercise Capacity of
Less Than 5 MET or 5 to 8 MET, as Compared with Subjects Whose Exercise Capacity Was More Than 8 MET.
Numbers in parentheses are 95 percent confidence intervals for the relative risks. BMI denotes body-mass index, and COPD chronic
obstructive pulmonary disease.
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off points for the percentage of age-predicted exer-
cise capacity achieved (e.g., 50 percent or 75 percent
of age-predicted values).

DISCUSSION
Our results demonstrate that exercise capacity is a

strong predictor of the risk of death in patients re-
ferred for exercise testing for clinical reasons. The
importance of exercise capacity, physical-activity sta-
tus, or both in predicting survival has been reported
in asymptomatic populations such as those of the
Framingham Study,11 the Aerobics Center Longitu-
dinal Study,8,9 the Lipid Research Clinics Trial,7 and
the Harvard Alumni study.24 Our population was
unique in that it afforded us the opportunity to assess
subjects both with and without documented cardio-
vascular disease. Whereas the above-mentioned studies
involved generally healthy populations, our data dem-
onstrate that exercise capacity is a similarly important
marker of risk in a clinically referred population and
among men both with and without existing cardiovas-
cular disease. Unlike the estimates of activity status or
the submaximal exercise tests used in many studies, the
maximal exercise testing used in the present study pro-
vided an objective measure of physical fitness.25 

In both healthy subjects and those with cardiovas-
cular disease, the peak exercise capacity achieved was
a stronger predictor of an increased risk of death than
clinical variables or established risk factors such as hy-
pertension, smoking, and diabetes, as well as other ex-
ercise-test variables, including ST-segment depression,
the peak heart rate, or the development of arrhythmias
during exercise. Our data also confirm the protective
role of a higher exercise capacity even in the presence
of other risk factors.7-9,24,25 In all subgroups defined
according to risk factors, the risk of death from any
cause in subjects whose exercise capacity was less than
5 MET was roughly double that of subjects whose ex-
ercise capacity was more than 8 MET (Fig. 1).

Poor physical fitness is a modifiable risk factor, and
improvements in fitness over time have been demon-
strated to improve prognosis.2,9 Our observation that
every 1-MET increase in treadmill performance was
associated with a 12 percent improvement in survival
underscores the relatively strong prognostic value of
exercise capacity. In addition, it confirms the presence
of a graded, inverse relation between exercise capacity
and mortality from any cause.7-11 Recent long-term
findings from the National Exercise and Heart Disease
Project26 among patients who had had a myocardial

Figure 1. Relative Risks of Death from Any Cause among Subjects with Various Risk Factors Who Achieved an Exercise Capacity of
Less Than 5 MET or 5 to 8 MET, as Compared with Subjects Whose Exercise Capacity Was More Than 8 MET.
Numbers in parentheses are 95 percent confidence intervals for the relative risks. BMI denotes body-mass index, and COPD chronic
obstructive pulmonary disease.
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off points for the percentage of age-predicted exer-
cise capacity achieved (e.g., 50 percent or 75 percent
of age-predicted values).

DISCUSSION
Our results demonstrate that exercise capacity is a

strong predictor of the risk of death in patients re-
ferred for exercise testing for clinical reasons. The
importance of exercise capacity, physical-activity sta-
tus, or both in predicting survival has been reported
in asymptomatic populations such as those of the
Framingham Study,11 the Aerobics Center Longitu-
dinal Study,8,9 the Lipid Research Clinics Trial,7 and
the Harvard Alumni study.24 Our population was
unique in that it afforded us the opportunity to assess
subjects both with and without documented cardio-
vascular disease. Whereas the above-mentioned studies
involved generally healthy populations, our data dem-
onstrate that exercise capacity is a similarly important
marker of risk in a clinically referred population and
among men both with and without existing cardiovas-
cular disease. Unlike the estimates of activity status or
the submaximal exercise tests used in many studies, the
maximal exercise testing used in the present study pro-
vided an objective measure of physical fitness.25 

In both healthy subjects and those with cardiovas-
cular disease, the peak exercise capacity achieved was
a stronger predictor of an increased risk of death than
clinical variables or established risk factors such as hy-
pertension, smoking, and diabetes, as well as other ex-
ercise-test variables, including ST-segment depression,
the peak heart rate, or the development of arrhythmias
during exercise. Our data also confirm the protective
role of a higher exercise capacity even in the presence
of other risk factors.7-9,24,25 In all subgroups defined
according to risk factors, the risk of death from any
cause in subjects whose exercise capacity was less than
5 MET was roughly double that of subjects whose ex-
ercise capacity was more than 8 MET (Fig. 1).

Poor physical fitness is a modifiable risk factor, and
improvements in fitness over time have been demon-
strated to improve prognosis.2,9 Our observation that
every 1-MET increase in treadmill performance was
associated with a 12 percent improvement in survival
underscores the relatively strong prognostic value of
exercise capacity. In addition, it confirms the presence
of a graded, inverse relation between exercise capacity
and mortality from any cause.7-11 Recent long-term
findings from the National Exercise and Heart Disease
Project26 among patients who had had a myocardial

Figure 1. Relative Risks of Death from Any Cause among Subjects with Various Risk Factors Who Achieved an Exercise Capacity of
Less Than 5 MET or 5 to 8 MET, as Compared with Subjects Whose Exercise Capacity Was More Than 8 MET.
Numbers in parentheses are 95 percent confidence intervals for the relative risks. BMI denotes body-mass index, and COPD chronic
obstructive pulmonary disease.
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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D Nonfatal Stroke
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F Hospitalization for Heart Failure

Hazard ratio, 0.87 (95% CI, 0.73–1.05)
P=0.14
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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Fig. 1 | Components of comprehensive cardiac rehabilitation. A schematic summary 
of the major components of comprehensive cardiac rehabilitation. Adapted by 
permission from BMJ Publishing Group Limited. [Advances in rehabilitation for chronic 
diseases: improving health outcomes and function. Richardson C.R., Franklin B., Moy M.L., 
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Several potential limitations warrant mention. The
GOSPEL Study enrolled a broad, relatively low-risk popu-
lation, with only a small proportion of patients either older
than 70 years or with an echocardiogram-documented
ejection fraction of less than 40%, and most of these had
undergone revascularization after MI. The usual care
group in the GOSPEL Study does not represent the real
world of patients with recent MI because most patients
in the real world do not receive standard CRP after acute
MI. However, the GOSPEL trial was aimed at compar-
ing 2 different rehabilitation strategies, not post-MI re-
habilitation vs post-MI abandon of patients. Accord-
ingly, it is possible that the annual assessment visits
provided to the patients allocated to usual care (which
are not routine in clinical practice) may have improved
the prescription of medications and adoption of correct
lifestyle habits, hence decreasing post-MI risk and so pos-
sibly downplaying the benefit of the intervention. The
proportion of patients lost to follow-up and/or who
dropped out of the study could seem high, but the pe-
culiarity of the study, necessitating compliance to de-
manding lifestyle interventions, such as maintenance ex-
ercise, should be kept in mind. Moreover, a systematic
external monitoring aimed at rescuing nonattendant pa-
tients was not implemented because this would have been
inherently in contrast with an intervention program based
on the convinced cooperation of the patients. These pa-
tients were maintained in the analysis, gave their con-

tribution to the study person-time, and were right-
censored at the point at which their last clinical
information was known to the investigators. In any case,
the proportion of patients lost to follow-up or with-
drawn from the study was the same in the 2 groups. There-
fore, this factor was probably random with respect to the
outcome.

A prolongation of the follow-up would have
increased the rate of events and the power of the study
to observe a long-term benefit on atherothrombotic
events in the intervention group. However, the
GOSPEL Study was a pragmatic study, promoted by a
scientific association, funded by the industry only to
assure its coordination, and conducted in the frame-
work of clinical practice within a nation-wide hospital
network. Considering this scenario, follow-up prolon-
gation to increase the rate of study events was discussed
by the steering committee but was considered unfea-
sible and therefore not implemented.

Misclassification of lifestyle exposures may have oc-
curred. Because data were collected prospectively, such
errors would likely be random with respect to the out-
come and would cause, if anything, underestimation of
the observed associations. Moreover, because of the more
intensive educational intervention, there may have been
a stronger tendency for patients in this group to give posi-
tive answers on the lifestyle questionnaires than those
in the usual care group. Finally, some of the study sec-
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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Fig. 1 | Components of comprehensive cardiac rehabilitation. A schematic summary 
of the major components of comprehensive cardiac rehabilitation. Adapted by 
permission from BMJ Publishing Group Limited. [Advances in rehabilitation for chronic 
diseases: improving health outcomes and function. Richardson C.R., Franklin B., Moy M.L., 
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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Fig. 1 | Components of comprehensive cardiac rehabilitation. A schematic summary 
of the major components of comprehensive cardiac rehabilitation. Adapted by 
permission from BMJ Publishing Group Limited. [Advances in rehabilitation for chronic 
diseases: improving health outcomes and function. Richardson C.R., Franklin B., Moy M.L., 
Jackson E.A., 365, l2191, 2019].
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patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.
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providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
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Evaluation (GRADE) approach to summarize the  
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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Suivi

Efficacité de la prise en 
charge 

Après avoir débuté la prise en charge, un bilan lipidique est recommandé dans un délai de 12 à 24 semaines 
pour les niveaux de RCV faible et modéré, et de 8 à 12 semaines pour les niveaux de RCV élevé et très élevé. 
Par la suite, un bilan lipidique est recommandé 8 à 12 semaines après chaque adaptation du traitement, 
jusqu’à obtention des valeurs cibles.

Dès la concentration de cholestérol cible atteinte, une consultation annuelle est recommandée avec bilan per-
mettant d’aborder l’adhésion au traitement, les changements du mode de vie et les facteurs de RCV.
Chez les sujets ayant une réponse thérapeutique insuffisante, il est recommandé de renforcer l’adhésion :

 ´ aux modifications du mode de vie, quel que soit le RCV ;

 ´ au traitement hypolipémiant s’il a été instauré.

L’intensification du traitement hypolipémiant est à envisager en cas de réponse thérapeutique insuffisante malgré 
une prise en charge (modifications du mode de vie et traitement hypolipémiant) bien suivie.

Surveillance hépatique 
(ALAT)

 ´ Avant le traitement.

 ´ 8 semaines après le début du traitement médicamenteux ou après toute augmentation de la posologie.

 ´ Ensuite tous les ans si ALAT < 3 × N (normale).

 ´ Si ALAT ≥ 3 × N : arrêter la statine ou réduire la posologie, contrôler les enzymes hépatiques après 4 à 6 
semaines et réintroduire prudemment le traitement lorsque les ALAT sont revenues à une valeur normale.

Surveillance musculaire  ´ Pas utile de doser la créatine kinase (CK) chez les patients traités par hypolipémiant avant le début du   trai-
tement, sauf dans les situations à risque suivantes : douleurs musculaires préexistantes, insuffisance rénale 
modérée à sévère, hypothyroïdie, antécédents personnels ou familiaux de maladie musculaire génétique, 
abus d’alcool, âge supérieur à 70 ans, d’autant plus qu’il existe d’autres facteurs de risque musculaire. 

 ´ Si le taux de CK initial est > 5 × N, il est recommandé de ne pas instaurer de traitement médicamenteux et 
de contrôler de nouveau les enzymes musculaires.

Choix de la statine

Il est recommandé de mettre en place une démarche d’éducation thérapeutique pour améliorer le respect des modifications du 
mode de vie et favoriser l’adhésion du patient à son traitement médicamenteux.

La consommation de pamplemousse ou de son jus est déconseillée avec un traitement par simvastatine.

En cas d’effets indésirables avec une statine, il convient de discuter avec le patient des différentes stratégies possibles :
 ´ arrêter la statine et la réintroduire à la résolution des symptômes pour vérifier que ceux-ci sont liés à la statine ;
 ´ réduire la dose ou remplacer par une autre statine de même intensité ;
 ´ en l’absence d’amélioration de la tolérance, prescrire une statine d’intensité inférieure.

Il est recommandé de solliciter un avis spécialisé sur les options de traitement d’un patient à RCV élevé intolérant aux statines.

Suivi de la prise en charge de l’hypercholestérolémie

Médicament
Posologie (mg.j-1)

5 10 20 40 80

Fluvastatine

Pravastatine

Simvastatine 3 3 3

Atorvastatine 3 3 3 3

Rosuvastatine

Intensité basse (pourcentage de réduction du LDL-C : 20-29 %)

Intensité moyenne (pourcentage de réduction du LDL-C : 30-39 %)

Intensité forte (pourcentage de réduction du LDL-C : > 40 %)

Hors AMM/non recommandé

: statines les plus efficientes.

L’atorvastatine et la rosuvastatine ne possèdent pas d’indication 
validée (AMM) en prévention secondaire.
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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Suivi

Efficacité de la prise en 
charge 

Après avoir débuté la prise en charge, un bilan lipidique est recommandé dans un délai de 12 à 24 semaines 
pour les niveaux de RCV faible et modéré, et de 8 à 12 semaines pour les niveaux de RCV élevé et très élevé. 
Par la suite, un bilan lipidique est recommandé 8 à 12 semaines après chaque adaptation du traitement, 
jusqu’à obtention des valeurs cibles.

Dès la concentration de cholestérol cible atteinte, une consultation annuelle est recommandée avec bilan per-
mettant d’aborder l’adhésion au traitement, les changements du mode de vie et les facteurs de RCV.
Chez les sujets ayant une réponse thérapeutique insuffisante, il est recommandé de renforcer l’adhésion :

 ´ aux modifications du mode de vie, quel que soit le RCV ;

 ´ au traitement hypolipémiant s’il a été instauré.

L’intensification du traitement hypolipémiant est à envisager en cas de réponse thérapeutique insuffisante malgré 
une prise en charge (modifications du mode de vie et traitement hypolipémiant) bien suivie.

Surveillance hépatique 
(ALAT)

 ´ Avant le traitement.

 ´ 8 semaines après le début du traitement médicamenteux ou après toute augmentation de la posologie.

 ´ Ensuite tous les ans si ALAT < 3 × N (normale).

 ´ Si ALAT ≥ 3 × N : arrêter la statine ou réduire la posologie, contrôler les enzymes hépatiques après 4 à 6 
semaines et réintroduire prudemment le traitement lorsque les ALAT sont revenues à une valeur normale.

Surveillance musculaire  ´ Pas utile de doser la créatine kinase (CK) chez les patients traités par hypolipémiant avant le début du   trai-
tement, sauf dans les situations à risque suivantes : douleurs musculaires préexistantes, insuffisance rénale 
modérée à sévère, hypothyroïdie, antécédents personnels ou familiaux de maladie musculaire génétique, 
abus d’alcool, âge supérieur à 70 ans, d’autant plus qu’il existe d’autres facteurs de risque musculaire. 

 ´ Si le taux de CK initial est > 5 × N, il est recommandé de ne pas instaurer de traitement médicamenteux et 
de contrôler de nouveau les enzymes musculaires.

Choix de la statine

Il est recommandé de mettre en place une démarche d’éducation thérapeutique pour améliorer le respect des modifications du 
mode de vie et favoriser l’adhésion du patient à son traitement médicamenteux.

La consommation de pamplemousse ou de son jus est déconseillée avec un traitement par simvastatine.

En cas d’effets indésirables avec une statine, il convient de discuter avec le patient des différentes stratégies possibles :
 ´ arrêter la statine et la réintroduire à la résolution des symptômes pour vérifier que ceux-ci sont liés à la statine ;
 ´ réduire la dose ou remplacer par une autre statine de même intensité ;
 ´ en l’absence d’amélioration de la tolérance, prescrire une statine d’intensité inférieure.

Il est recommandé de solliciter un avis spécialisé sur les options de traitement d’un patient à RCV élevé intolérant aux statines.

Suivi de la prise en charge de l’hypercholestérolémie

Médicament
Posologie (mg.j-1)

5 10 20 40 80

Fluvastatine

Pravastatine

Simvastatine 3 3 3

Atorvastatine 3 3 3 3

Rosuvastatine

Intensité basse (pourcentage de réduction du LDL-C : 20-29 %)

Intensité moyenne (pourcentage de réduction du LDL-C : 30-39 %)

Intensité forte (pourcentage de réduction du LDL-C : > 40 %)

Hors AMM/non recommandé

: statines les plus efficientes.

L’atorvastatine et la rosuvastatine ne possèdent pas d’indication 
validée (AMM) en prévention secondaire.
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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Suivi

Efficacité de la prise en 
charge 

Après avoir débuté la prise en charge, un bilan lipidique est recommandé dans un délai de 12 à 24 semaines 
pour les niveaux de RCV faible et modéré, et de 8 à 12 semaines pour les niveaux de RCV élevé et très élevé. 
Par la suite, un bilan lipidique est recommandé 8 à 12 semaines après chaque adaptation du traitement, 
jusqu’à obtention des valeurs cibles.

Dès la concentration de cholestérol cible atteinte, une consultation annuelle est recommandée avec bilan per-
mettant d’aborder l’adhésion au traitement, les changements du mode de vie et les facteurs de RCV.
Chez les sujets ayant une réponse thérapeutique insuffisante, il est recommandé de renforcer l’adhésion :

 ´ aux modifications du mode de vie, quel que soit le RCV ;

 ´ au traitement hypolipémiant s’il a été instauré.

L’intensification du traitement hypolipémiant est à envisager en cas de réponse thérapeutique insuffisante malgré 
une prise en charge (modifications du mode de vie et traitement hypolipémiant) bien suivie.

Surveillance hépatique 
(ALAT)

 ´ Avant le traitement.

 ´ 8 semaines après le début du traitement médicamenteux ou après toute augmentation de la posologie.

 ´ Ensuite tous les ans si ALAT < 3 × N (normale).

 ´ Si ALAT ≥ 3 × N : arrêter la statine ou réduire la posologie, contrôler les enzymes hépatiques après 4 à 6 
semaines et réintroduire prudemment le traitement lorsque les ALAT sont revenues à une valeur normale.

Surveillance musculaire  ´ Pas utile de doser la créatine kinase (CK) chez les patients traités par hypolipémiant avant le début du   trai-
tement, sauf dans les situations à risque suivantes : douleurs musculaires préexistantes, insuffisance rénale 
modérée à sévère, hypothyroïdie, antécédents personnels ou familiaux de maladie musculaire génétique, 
abus d’alcool, âge supérieur à 70 ans, d’autant plus qu’il existe d’autres facteurs de risque musculaire. 

 ´ Si le taux de CK initial est > 5 × N, il est recommandé de ne pas instaurer de traitement médicamenteux et 
de contrôler de nouveau les enzymes musculaires.

Choix de la statine

Il est recommandé de mettre en place une démarche d’éducation thérapeutique pour améliorer le respect des modifications du 
mode de vie et favoriser l’adhésion du patient à son traitement médicamenteux.

La consommation de pamplemousse ou de son jus est déconseillée avec un traitement par simvastatine.

En cas d’effets indésirables avec une statine, il convient de discuter avec le patient des différentes stratégies possibles :
 ´ arrêter la statine et la réintroduire à la résolution des symptômes pour vérifier que ceux-ci sont liés à la statine ;
 ´ réduire la dose ou remplacer par une autre statine de même intensité ;
 ´ en l’absence d’amélioration de la tolérance, prescrire une statine d’intensité inférieure.

Il est recommandé de solliciter un avis spécialisé sur les options de traitement d’un patient à RCV élevé intolérant aux statines.

Suivi de la prise en charge de l’hypercholestérolémie

Médicament
Posologie (mg.j-1)

5 10 20 40 80

Fluvastatine

Pravastatine

Simvastatine 3 3 3

Atorvastatine 3 3 3 3

Rosuvastatine

Intensité basse (pourcentage de réduction du LDL-C : 20-29 %)

Intensité moyenne (pourcentage de réduction du LDL-C : 30-39 %)

Intensité forte (pourcentage de réduction du LDL-C : > 40 %)

Hors AMM/non recommandé

: statines les plus efficientes.

L’atorvastatine et la rosuvastatine ne possèdent pas d’indication 
validée (AMM) en prévention secondaire.
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
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Suivi

Efficacité de la prise en 
charge 

Après avoir débuté la prise en charge, un bilan lipidique est recommandé dans un délai de 12 à 24 semaines 
pour les niveaux de RCV faible et modéré, et de 8 à 12 semaines pour les niveaux de RCV élevé et très élevé. 
Par la suite, un bilan lipidique est recommandé 8 à 12 semaines après chaque adaptation du traitement, 
jusqu’à obtention des valeurs cibles.

Dès la concentration de cholestérol cible atteinte, une consultation annuelle est recommandée avec bilan per-
mettant d’aborder l’adhésion au traitement, les changements du mode de vie et les facteurs de RCV.
Chez les sujets ayant une réponse thérapeutique insuffisante, il est recommandé de renforcer l’adhésion :

 ´ aux modifications du mode de vie, quel que soit le RCV ;

 ´ au traitement hypolipémiant s’il a été instauré.

L’intensification du traitement hypolipémiant est à envisager en cas de réponse thérapeutique insuffisante malgré 
une prise en charge (modifications du mode de vie et traitement hypolipémiant) bien suivie.

Surveillance hépatique 
(ALAT)

 ´ Avant le traitement.

 ´ 8 semaines après le début du traitement médicamenteux ou après toute augmentation de la posologie.

 ´ Ensuite tous les ans si ALAT < 3 × N (normale).

 ´ Si ALAT ≥ 3 × N : arrêter la statine ou réduire la posologie, contrôler les enzymes hépatiques après 4 à 6 
semaines et réintroduire prudemment le traitement lorsque les ALAT sont revenues à une valeur normale.

Surveillance musculaire  ´ Pas utile de doser la créatine kinase (CK) chez les patients traités par hypolipémiant avant le début du   trai-
tement, sauf dans les situations à risque suivantes : douleurs musculaires préexistantes, insuffisance rénale 
modérée à sévère, hypothyroïdie, antécédents personnels ou familiaux de maladie musculaire génétique, 
abus d’alcool, âge supérieur à 70 ans, d’autant plus qu’il existe d’autres facteurs de risque musculaire. 

 ´ Si le taux de CK initial est > 5 × N, il est recommandé de ne pas instaurer de traitement médicamenteux et 
de contrôler de nouveau les enzymes musculaires.

Choix de la statine

Il est recommandé de mettre en place une démarche d’éducation thérapeutique pour améliorer le respect des modifications du 
mode de vie et favoriser l’adhésion du patient à son traitement médicamenteux.

La consommation de pamplemousse ou de son jus est déconseillée avec un traitement par simvastatine.

En cas d’effets indésirables avec une statine, il convient de discuter avec le patient des différentes stratégies possibles :
 ´ arrêter la statine et la réintroduire à la résolution des symptômes pour vérifier que ceux-ci sont liés à la statine ;
 ´ réduire la dose ou remplacer par une autre statine de même intensité ;
 ´ en l’absence d’amélioration de la tolérance, prescrire une statine d’intensité inférieure.

Il est recommandé de solliciter un avis spécialisé sur les options de traitement d’un patient à RCV élevé intolérant aux statines.

Suivi de la prise en charge de l’hypercholestérolémie

Médicament
Posologie (mg.j-1)

5 10 20 40 80

Fluvastatine

Pravastatine

Simvastatine 3 3 3

Atorvastatine 3 3 3 3

Rosuvastatine

Intensité basse (pourcentage de réduction du LDL-C : 20-29 %)

Intensité moyenne (pourcentage de réduction du LDL-C : 30-39 %)

Intensité forte (pourcentage de réduction du LDL-C : > 40 %)

Hors AMM/non recommandé

: statines les plus efficientes.

L’atorvastatine et la rosuvastatine ne possèdent pas d’indication 
validée (AMM) en prévention secondaire.
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abus d’alcool, âge supérieur à 70 ans, d’autant plus qu’il existe d’autres facteurs de risque musculaire. 

 ´ Si le taux de CK initial est > 5 × N, il est recommandé de ne pas instaurer de traitement médicamenteux et 
de contrôler de nouveau les enzymes musculaires.

Choix de la statine

Il est recommandé de mettre en place une démarche d’éducation thérapeutique pour améliorer le respect des modifications du 
mode de vie et favoriser l’adhésion du patient à son traitement médicamenteux.

La consommation de pamplemousse ou de son jus est déconseillée avec un traitement par simvastatine.

En cas d’effets indésirables avec une statine, il convient de discuter avec le patient des différentes stratégies possibles :
 ´ arrêter la statine et la réintroduire à la résolution des symptômes pour vérifier que ceux-ci sont liés à la statine ;
 ´ réduire la dose ou remplacer par une autre statine de même intensité ;
 ´ en l’absence d’amélioration de la tolérance, prescrire une statine d’intensité inférieure.

Il est recommandé de solliciter un avis spécialisé sur les options de traitement d’un patient à RCV élevé intolérant aux statines.

Suivi de la prise en charge de l’hypercholestérolémie

Médicament
Posologie (mg.j-1)

5 10 20 40 80

Fluvastatine

Pravastatine

Simvastatine 3 3 3

Atorvastatine 3 3 3 3

Rosuvastatine

Intensité basse (pourcentage de réduction du LDL-C : 20-29 %)

Intensité moyenne (pourcentage de réduction du LDL-C : 30-39 %)

Intensité forte (pourcentage de réduction du LDL-C : > 40 %)

Hors AMM/non recommandé

: statines les plus efficientes.

L’atorvastatine et la rosuvastatine ne possèdent pas d’indication 
validée (AMM) en prévention secondaire.
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level of less than 2.0 at 1 month (50.6% vs. 30.5%) 
(Table S2 in the Supplementary Appendix).

Efficacy End Points
Kaplan–Meier event rates for the primary end 
point at 7 years were 32.7% in the simvastatin–
ezetimibe group and 34.7% in the simvastatin-
monotherapy group (absolute risk reduction, 
2.0 percentage points; hazard ratio, 0.936; 95% 
confidence interval, 0.89 to 0.99; P = 0.016) 
(Fig. 1). The benefit appeared to emerge after 
1 year. The rate of each of the three secondary 
end points was significantly lower in the simva-
statin–ezetimibe group than in the simvastatin-
monotherapy group (Table 2).

The rates of death from cardiovascular causes 
and from any cause were similar in the two 
groups. The risk of any myocardial infarction 
was significantly lower with simvastatin–ezeti-
mibe than with simvastatin monotherapy (differ-
ence, 1.7 percentage points; hazard ratio, 0.87; 
P = 0.002), as was the risk of ischemic stroke 

(difference, 0.7 percentage points; hazard ratio, 
0.79; P = 0.008) (Table 2). There was a nonsignifi-
cantly higher risk of hemorrhagic stroke with 
simvastatin–ezetimibe than with simvastatin 
monotherapy (difference, 0.2 percentage points; 
hazard ratio, 1.38; P = 0.11), although the num-
ber of hemorrhagic strokes was low.

The rate of the composite end point of death 
from cardiovascular causes, myocardial infarc-
tion, or stroke was significantly lower, by 1.8 
percentage points, in the simvastatin–ezetimibe 
group than in the simvastatin-monotherapy group 
(hazard ratio, 0.90; P = 0.003) (Table 2). The rate 
of major vascular events as defined by the CTT 
collaborators3,4 (a composite of death from coro-
nary heart disease, myocardial infarction, stroke, 
or coronary revascularization 30 days or more 
after randomization) was also significantly lower 
in the simvastatin–ezetimibe group (difference, 2.2 
percentage points; hazard ratio, 0.928; P = 0.007).

The benefit of simvastatin–ezetimibe was con-
sistent across nearly all prespecified subgroups 
(Fig. S2 in Supplementary Appendix). The bene-
fit appeared to be particularly pronounced in 
patients with diabetes mellitus and in patients 
75 years of age or older.

Safety
No significant between-group differences were 
seen in the percentage of patients who had ele-
vations in alanine aminotransferase levels that 
exceeded three times the upper limit of the nor-
mal range or in the rates of gallbladder-related 
adverse events, cholecystectomy, muscle-related 
adverse events, or new, relapsing, or worsening 
cancer (Table 3). Discontinuation of study medi-
cation owing to an adverse event occurred in 
10.1% of the patients in the simvastatin-mono-
therapy group and in 10.6% of those in the 
simvastatin–ezetimibe group.

Discussion

In IMPROVE-IT, the addition to statin therapy of 
a nonstatin agent, ezetimibe, which reduces the 
absorption of cholesterol from the gastrointesti-
nal tract, lowered LDL cholesterol by approxi-
mately 24%. The combination of simvastatin and 
ezetimibe also resulted in a significantly lower 
risk of cardiovascular events than that with 
statin monotherapy, with a 2.0-percentage-point 
lower rate of the primary composite end point of 

Figure 1. Kaplan–Meier Curves for the Primary Efficacy End Point.

Shown are the cumulative event rates for the primary composite end point 
of death from cardiovascular disease, a major coronary event (nonfatal 
myocardial infarction, documented unstable angina requiring hospital ad-
mission, or coronary revascularization occurring at least 30 days after ran-
domization), or nonfatal stroke in the intention-to-treat population during 
the overall study period (i.e., beginning from the time of randomization to 
the day of the first occurrence of a primary end-point event, the day of the 
last office or phone visit, or the day of death during follow-up). The inset 
shows the same data on an enlarged y axis.
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Réadaptation cardiaque

Effets bénéfiques de l’activité physique
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of modern cardiac rehabilitation is central to enabling 
patients to reduce their cardiovascular risk, foster and 
maintain their health- promotion behavioural patterns, 
increase their mental wellbeing, reduce their disability 
and promote an active lifestyle — with the overall aim 

of improving wellbeing and health- related quality of 
life. In response to the continuing evolution of cardiac 
rehabilitation practice and policy, this Review provides 
a state- of- the- art contemporary overview.

In this Review, we provide a detailed summary of 
the current evidence base supporting the use of cardiac 
rehabilitation, an overview of key international guide-
lines and position statements for cardiac rehabilitation 
and a synopsis of four key contemporary issues facing 
cardiac rehabilitation delivery across the globe: improv-
ing poor uptake, the effects of the coronavirus disease 
2019 (COVID-19) pandemic, managing patient multi-
morbidity, and the provision of cardiac rehabilitation in 
low- income and middle- income countries (LMICs). We 
conclude with our recommendations for future research.

Overview of the evidence base
Our evidence overview is based on Cochrane system-
atic reviews and meta- analyses of cardiac rehabilitation. 
Cochrane reviews, with their rigorous methodological 
requirements and inclusion of only randomized con-
trolled trials (RCTs), are internationally regarded as 
providing the highest quality of evidence for interven-
tions. We focus on Cochrane reviews that compare the 
effects of exercise- based cardiac rehabilitation (exercise 
interventions alone or a comprehensive programme) 
with a control group (who did not receive cardiac reha-
bilitation). Key outcome findings (mortality, cardiovas-
cular events, hospitalizations and health- related quality 
of life) for each indication are presented in TABLE 1 and 
summarized below. Researchers used the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) approach to summarize the  
certainty of the evidence for each outcome9 (BOX 2).

Coronary heart disease
The 2021 update10 of the 2016 version11 of the Cochrane 
review of cardiac rehabilitation for coronary heart dis-
ease included 23,172 patients with MI (40 RCTs) or 
stable angina pectoris (five RCTs), after revasculariza-
tion (14 RCTs) or in mixed populations. Meta- analysis 
of trials with outcomes up to 12 months of follow- up 
showed no effect of cardiac rehabilitation compared with 
control on all- cause mortality or the risk of revascular-
ization. Participation in cardiac rehabilitation resulted 
in reductions in the risk of fatal or non- fatal MI and 
all- cause hospitalization. Although 29 trials collected 
health- related quality- of- life data, pooling of data was 
limited owing to variation in the outcome measures. 
Pooled analysis across three trials showed that cardiac 
rehabilitation improved generic health- related quality of 
life, assessed with the Short- Form 36 or 12 (mental com-
ponent score), but had weak evidence of an improve-
ment in the physical component score. Twenty of the 
29 trials reported higher levels of health- related qual-
ity of life in one or more subscales with exercise- based 
cardiac rehabilitation than with control at follow- up. 
Outcome evidence assessed by GRADE was judged to 
be of ‘moderate’ certainty, downgraded owing to poor 
reporting on the randomization process (selection 
bias), lack of blinding (detection bias) and wide 95% 
confidence intervals (imprecision). Meta- regression 
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Fig. 1 | Components of comprehensive cardiac rehabilitation. A schematic summary 
of the major components of comprehensive cardiac rehabilitation. Adapted by 
permission from BMJ Publishing Group Limited. [Advances in rehabilitation for chronic 
diseases: improving health outcomes and function. Richardson C.R., Franklin B., Moy M.L., 
Jackson E.A., 365, l2191, 2019].
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be treated as an important risk factor for cardiovascular 
disease, one that is routinely screened for and eff ectively 
managed, like other major cardiovascular disease risk 
factors.

Our study shows, for the fi rst time, a relation between 
neural tissue activity and subsequent cardiovascular 

events and suggests that the brain’s salience network, 
bone marrow, and arterial infl ammation together form 
an axis that could accelerate the development of 
cardiovascular disease. Furthermore, our fi ndings raise 
the possibility that eff orts to attenuate psychosocial 
stress could produce benefi ts that extend beyond an 
improved sense of psychological wellbeing, and could 
benefi cially impact the atherosclerotic milieu. Future 
studies of this neural–haemopoietic–arterial axis might 
lead to insights into how to further reduce the burden 
of cardiovascular disease.
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Figure 5: Perceived stress associated with amygdalar activity (A), arterial 
infl ammation (B), and CRP (C) in cross-sectional validation sub-study
Perceived stress was assessed with a validated questionnaire. Error bars in (B) 
and (C) represent the standard error of the mean.TBR=target-to-background 
ratio. CRP=C-reactive protein. 
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Figure 6: A model of stress leading to atherosclerotic infl ammation
Data suggest that at least two biologically signifi cant pathways link amygdalar 
activity to cardiovascular disease events in human beings. One of these 
pathways is sympathetic. The other, which is the object of this study, includes 
activation of the bone marrow (and release of infl ammatory cells), which in 
turn lead to atherosclerotic infl ammation and its atherothrombotic 
manifestations.
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Amygdalar activity generally remained associated 
with cardio vascular events when more stringent 
defi nitions of events were used (ie, major adverse 
cardiovascular events and atherosclerotic major adverse 
cardiovascular events). The associated HRs increased 
relative to the stringency of the event defi nition (table 4). 
Additionally, amygdalar activity seemed to be associated 

with the timing of the cardiovascular disease event: 
individuals with higher resting amygdalar activity 
experienced subsequent cardiovascular disease events 
sooner than those with lower resting amygdalar activity 
(appendix).

To further explore the relation between amygdalar 
activity and cardiovascular disease, we compared 
outcomes for individuals with high amygdalar activity 
outcomes for those with low amygdalar activity. We 
determined the threshold values defi ning high activity 
by three distinct approaches: receiver operating 
characteristic analysis, which yielded values with the 
highest accuracy to identify subsequent cardiovascular 
disease events; one or more SD above the mean; and as 
90th percentile or greater. All remaining individuals 
were characterised as having low activity.

When the primary amygdalar imaging endpoint was 
dichotomised into high-activity and low-activity groups, 
Cox regression analyses yielded signifi cantly increased 
HRs (table 5) and Kaplan-Meier analyses yielded 
signifi cant group diff erences (fi gure 3). We noted 
similar fi ndings when the secondary and post-hoc 
measures of amygdalar activity were similarly 
dichotomised (table 5). Additionally, amygdalar activity 
remained robustly predictive of cardiovascular disease 
when several other means of measuring it were used in 
sensitivity analyses (appendix).

Amygdalar activity correlated with haemopoietic 
tissue activity, expressed as ¹⁸F-FDG-uptake in the bone 
marrow and spleen (table 6), and with arterial ¹⁸F-FDG 
uptake, a well validated measure of arterial 
infl ammation.22,28 Moreover, measures of haemopoietic 
activity, especially in bone marrow, were associated 
with several measures of circulating blood cells, 
including total white blood cell count and neutrophil 
and lymphocyte counts (appendix). However, amygdalar 
activity did not correlate with ¹⁸F-FDG-uptake in control 
tissue (ie, subcutaneous fat; table 6).

Bone-marrow activity was a signifi cant mediator of 
the relation between amygdalar activity and arterial 
infl ammation, accounting for a substantial 46% of the 
total eff ect. Arterial infl ammation was a signifi cant 
mediator of the relation between amygdalar activity and 
cardiovascular disease events, accounting for 39% of 
the total eff ect. Serial two-mediator analysis supported 
the hypothesised indirect path of increased amygdalar 
activity leading to increased bone-marrow activity 
leading to increased arterial infl ammation leading to 
cardiovascular disease events (fi gure 4). These results 
suggest that bone-marrow activity and arterial 
infl ammation, in series, have an important role in 
mediation of the association between amygdalar activity 
and cardiovascular disease events. Finally, when the 
path implicating bone-marrow activity was excluded, 
the residual path of increased amygdalar activity 
leading to increased arterial infl ammation leading to 
cardiovascular disease events (fi gure 4) was also 

Figure 2: Amygdalar, arterial, and bone-marrow uptake of ¹⁸F-FDG in individuals with and without 
subsequent cardiovascular disease events
Axial views of amygdala (upper left and right), coronal views of aorta (middle left and right), and coronal views 
of bone marrow (lower left and right) are shown. ¹⁸F-FDG uptake was increased in the amygdala, bone marrow, 
and arterial wall (aorta), in a patient who experienced an ischaemic stroke during the follow-up period (right) 
compared with a patient who did not (left). ¹⁸F-FDG=¹⁸F fl uorodeoxyglucose. SUV=standardised uptake value. 
TBR=target-to-background ratio.
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be treated as an important risk factor for cardiovascular 
disease, one that is routinely screened for and eff ectively 
managed, like other major cardiovascular disease risk 
factors.

Our study shows, for the fi rst time, a relation between 
neural tissue activity and subsequent cardiovascular 

events and suggests that the brain’s salience network, 
bone marrow, and arterial infl ammation together form 
an axis that could accelerate the development of 
cardiovascular disease. Furthermore, our fi ndings raise 
the possibility that eff orts to attenuate psychosocial 
stress could produce benefi ts that extend beyond an 
improved sense of psychological wellbeing, and could 
benefi cially impact the atherosclerotic milieu. Future 
studies of this neural–haemopoietic–arterial axis might 
lead to insights into how to further reduce the burden 
of cardiovascular disease.
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Figure 5: Perceived stress associated with amygdalar activity (A), arterial 
infl ammation (B), and CRP (C) in cross-sectional validation sub-study
Perceived stress was assessed with a validated questionnaire. Error bars in (B) 
and (C) represent the standard error of the mean.TBR=target-to-background 
ratio. CRP=C-reactive protein. 
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Figure 6: A model of stress leading to atherosclerotic infl ammation
Data suggest that at least two biologically signifi cant pathways link amygdalar 
activity to cardiovascular disease events in human beings. One of these 
pathways is sympathetic. The other, which is the object of this study, includes 
activation of the bone marrow (and release of infl ammatory cells), which in 
turn lead to atherosclerotic infl ammation and its atherothrombotic 
manifestations.
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Amygdalar activity was associated with :
• increased bone-marrow activity (r=0·47; p<0·0001), 
• arterial inflammation (r=0·49; p<0·0001), 
• Risk of cardiovascular disease events (standardised HR ratio 1.59, 95% CI 
[1.27–1.98] ; p<0·0001) 
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Effets sur le long terme
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Maroto 2005 7/90 16/90 4.7 % 0.44 [ 0.19, 1.01 ]

Oerkild 2012 4/19 5/21 2.6 % 0.88 [ 0.28, 2.82 ]

Roman 1983 16/93 27/100 9.5 % 0.64 [ 0.37, 1.10 ]

Shaw 1981 162/315 150/319 31.9 % 1.09 [ 0.93, 1.28 ]

Vermeulen 1983 2/47 5/51 1.4 % 0.43 [ 0.09, 2.13 ]

West 2012 245/903 243/910 32.4 % 1.02 [ 0.87, 1.18 ]

Wilhelmsen 1975 28/158 35/157 12.9 % 0.79 [ 0.51, 1.24 ]

Subtotal (95% CI) 1902 1926 100.0 % 0.91 [ 0.75, 1.10 ]
Total events: 476 (Exercise), 493 (Usual Care)

Heterogeneity: Tau2 = 0.02; Chi2 = 15.45, df = 10 (P = 0.12); I2 =35%

Test for overall effect: Z = 0.96 (P = 0.34)
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173Exercise-based cardiac rehabilitation for coronary heart disease (Review)
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n/N n/N

M-
H,Random,95%
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H,Random,95%

CI

Sivarajan 1982 3/79 1/36 0.6 % 1.37 [ 0.15, 12.70 ]

Sivarajan 1982 3/74 1/36 0.6 % 1.46 [ 0.16, 13.54 ]

Stern 1983 0/42 1/29 0.3 % 0.23 [ 0.01, 5.52 ]

Wang 2012 1/80 3/80 0.6 % 0.33 [ 0.04, 3.14 ]

West 2012 54/903 47/910 22.0 % 1.16 [ 0.79, 1.69 ]

WHO 1983 60/1208 76/1096 29.4 % 0.72 [ 0.52, 0.99 ]

Wilhelmsen 1975 19/158 29/157 11.1 % 0.65 [ 0.38, 1.11 ]

Subtotal (95% CI) 4573 4227 100.0 % 0.88 [ 0.73, 1.05 ]
Total events: 226 (Exercise), 238 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 15.97, df = 22 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 1.46 (P = 0.14)

2 Follow-up of > 12 to 36 months

Bengtsson 1983 10/81 6/90 1.8 % 1.85 [ 0.70, 4.87 ]

Carson 1982 12/151 21/152 3.7 % 0.58 [ 0.29, 1.13 ]

Hambrecht 2004 1/51 2/50 0.3 % 0.49 [ 0.05, 5.24 ]

Kallio 1979 41/188 56/187 13.7 % 0.73 [ 0.51, 1.03 ]

Leizorovicz 1991 0/60 4/61 0.2 % 0.11 [ 0.01, 2.05 ]

Shaw 1981 15/323 24/328 4.2 % 0.63 [ 0.34, 1.19 ]

St hle 1999 5/56 3/53 0.9 % 1.58 [ 0.40, 6.28 ]

Toobert 2000 1/17 0/11 0.2 % 2.00 [ 0.09, 45.12 ]

VHSG 2003 2/98 1/99 0.3 % 2.02 [ 0.19, 21.92 ]

West 2012 104/903 107/910 25.8 % 0.98 [ 0.76, 1.26 ]

WHO 1983 169/1208 169/1096 42.8 % 0.91 [ 0.75, 1.10 ]

Yu 2004 4/132 4/72 0.9 % 0.55 [ 0.14, 2.12 ]

Zwisler 2008 24/227 20/219 5.2 % 1.16 [ 0.66, 2.03 ]

Subtotal (95% CI) 3495 3328 100.0 % 0.89 [ 0.78, 1.01 ]
Total events: 388 (Exercise), 417 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 11.70, df = 12 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 1.77 (P = 0.078)

3 Follow-up longer than 3 years

Andersen 1981 4/46 3/42 1.7 % 1.22 [ 0.29, 5.12 ]

Erdman 1986 4/40 0/40 0.4 % 9.00 [ 0.50, 161.86 ]

Haskell 1994 3/145 3/155 1.4 % 1.07 [ 0.22, 5.21 ]

Hofman-Bang 1999 1/46 6/41 0.9 % 0.15 [ 0.02, 1.18 ]
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Sivarajan 1982 3/79 1/36 0.6 % 1.37 [ 0.15, 12.70 ]

Sivarajan 1982 3/74 1/36 0.6 % 1.46 [ 0.16, 13.54 ]

Stern 1983 0/42 1/29 0.3 % 0.23 [ 0.01, 5.52 ]

Wang 2012 1/80 3/80 0.6 % 0.33 [ 0.04, 3.14 ]

West 2012 54/903 47/910 22.0 % 1.16 [ 0.79, 1.69 ]

WHO 1983 60/1208 76/1096 29.4 % 0.72 [ 0.52, 0.99 ]

Wilhelmsen 1975 19/158 29/157 11.1 % 0.65 [ 0.38, 1.11 ]

Subtotal (95% CI) 4573 4227 100.0 % 0.88 [ 0.73, 1.05 ]
Total events: 226 (Exercise), 238 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 15.97, df = 22 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 1.46 (P = 0.14)

2 Follow-up of > 12 to 36 months

Bengtsson 1983 10/81 6/90 1.8 % 1.85 [ 0.70, 4.87 ]

Carson 1982 12/151 21/152 3.7 % 0.58 [ 0.29, 1.13 ]

Hambrecht 2004 1/51 2/50 0.3 % 0.49 [ 0.05, 5.24 ]

Kallio 1979 41/188 56/187 13.7 % 0.73 [ 0.51, 1.03 ]

Leizorovicz 1991 0/60 4/61 0.2 % 0.11 [ 0.01, 2.05 ]

Shaw 1981 15/323 24/328 4.2 % 0.63 [ 0.34, 1.19 ]

St hle 1999 5/56 3/53 0.9 % 1.58 [ 0.40, 6.28 ]

Toobert 2000 1/17 0/11 0.2 % 2.00 [ 0.09, 45.12 ]

VHSG 2003 2/98 1/99 0.3 % 2.02 [ 0.19, 21.92 ]

West 2012 104/903 107/910 25.8 % 0.98 [ 0.76, 1.26 ]

WHO 1983 169/1208 169/1096 42.8 % 0.91 [ 0.75, 1.10 ]

Yu 2004 4/132 4/72 0.9 % 0.55 [ 0.14, 2.12 ]

Zwisler 2008 24/227 20/219 5.2 % 1.16 [ 0.66, 2.03 ]

Subtotal (95% CI) 3495 3328 100.0 % 0.89 [ 0.78, 1.01 ]
Total events: 388 (Exercise), 417 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 11.70, df = 12 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 1.77 (P = 0.078)

3 Follow-up longer than 3 years

Andersen 1981 4/46 3/42 1.7 % 1.22 [ 0.29, 5.12 ]

Erdman 1986 4/40 0/40 0.4 % 9.00 [ 0.50, 161.86 ]

Haskell 1994 3/145 3/155 1.4 % 1.07 [ 0.22, 5.21 ]

Hofman-Bang 1999 1/46 6/41 0.9 % 0.15 [ 0.02, 1.18 ]
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Analysis 1.1. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 1 Total mortality.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 1 Total mortality

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Bell 1998 19/251 8/102 5.0 % 0.97 [ 0.44, 2.13 ]

Bertie 1992 0/57 3/53 0.4 % 0.13 [ 0.01, 2.52 ]

Bethell 1990 16/113 12/116 6.4 % 1.37 [ 0.68, 2.76 ]

Briffa 2005 0/57 2/56 0.3 % 0.20 [ 0.01, 4.00 ]

Carlsson 1998 2/113 2/112 0.8 % 0.99 [ 0.14, 6.91 ]

DeBusk 1994 12/293 10/292 4.7 % 1.20 [ 0.52, 2.72 ]

Engblom 1996 12/119 13/109 5.8 % 0.85 [ 0.40, 1.77 ]

Fletcher 1994 3/41 4/47 1.5 % 0.86 [ 0.20, 3.62 ]

Fridlund 1991 9/87 14/91 5.2 % 0.67 [ 0.31, 1.47 ]

Hambrecht 2004 0/51 0/50 Not estimable

Heller 1993 6/213 3/237 1.7 % 2.23 [ 0.56, 8.79 ]

Higgins 2001 1/54 0/49 0.3 % 2.73 [ 0.11, 65.43 ]

Holmbäck 1994 1/34 1/35 0.4 % 1.03 [ 0.07, 15.80 ]

Houle 2012 0/32 0/33 Not estimable

Kovoor 2006 0/72 0/70 Not estimable

Maddison 2014 0/85 0/86 Not estimable

Manchanda 2000 0/21 0/21 Not estimable

Munk 2009 0/20 0/20 Not estimable

Mutwalli 2012 0/28 1/21 0.3 % 0.25 [ 0.01, 5.91 ]

Oldridge 1991 3/99 4/102 1.5 % 0.77 [ 0.18, 3.36 ]

Reid 2012 0/115 2/108 0.3 % 0.19 [ 0.01, 3.87 ]

Schuler 1992 2/56 1/57 0.6 % 2.04 [ 0.19, 21.82 ]

Seki 2008 0/18 0/16 Not estimable
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Analysis 1.2. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 2 Cardiovascular

mortality.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 2 Cardiovascular mortality

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Aronov 2010 3/197 6/195 3.7 % 0.49 [ 0.13, 1.95 ]

Bethell 1990 13/113 12/116 12.7 % 1.11 [ 0.53, 2.33 ]

Briffa 2005 0/57 1/56 0.7 % 0.33 [ 0.01, 7.87 ]

DeBusk 1994 11/293 9/292 9.3 % 1.22 [ 0.51, 2.90 ]

Hambrecht 2004 0/51 2/50 0.8 % 0.20 [ 0.01, 3.99 ]

Haskell 1994 1/145 0/155 0.7 % 3.21 [ 0.13, 78.06 ]

Maddison 2014 0/85 0/86 Not estimable

Miller 1984 0/127 2/71 0.8 % 0.11 [ 0.01, 2.31 ]

Munk 2009 0/20 0/20 Not estimable

Ornish 1990 2/28 1/20 1.3 % 1.43 [ 0.14, 14.70 ]

Schuler 1992 2/56 0/57 0.8 % 5.09 [ 0.25, 103.66 ]

Seki 2008 0/20 0/19 Not estimable

Sivarajan 1982 3/71 1/32 1.4 % 1.35 [ 0.15, 12.50 ]

Sivarajan 1982 3/65 0/33 0.8 % 3.61 [ 0.19, 67.81 ]

Vecchio 1981 0/25 2/25 0.8 % 0.20 [ 0.01, 3.97 ]

WHO 1983 67/1208 71/1096 66.4 % 0.86 [ 0.62, 1.18 ]

Subtotal (95% CI) 2561 2323 100.0 % 0.90 [ 0.69, 1.17 ]
Total events: 105 (Exercise), 107 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 8.79, df = 12 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.80 (P = 0.43)

2 Follow-up of > 12 months to 36 months

Belardinelli 2001 0/59 0/59 Not estimable

Hambrecht 2004 0/51 0/50 Not estimable

Kallio 1979 35/188 55/187 24.5 % 0.63 [ 0.44, 0.92 ]

Shaw 1981 14/323 20/328 8.2 % 0.71 [ 0.37, 1.38 ]

0.005 0.1 1 10 200

Favours exercise Favours usual care

(Continued . . . )

174Exercise-based cardiac rehabilitation for coronary heart disease (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Specchia 1996 5/125 13/131 3.7 % 0.40 [ 0.15, 1.10 ]

Toobert 2000 1/17 0/11 0.4 % 2.00 [ 0.09, 45.12 ]

WHO 1983 144/1208 151/1096 63.3 % 0.87 [ 0.70, 1.07 ]

Subtotal (95% CI) 1971 1862 100.0 % 0.77 [ 0.63, 0.93 ]
Total events: 199 (Exercise), 239 (Usual Care)

Heterogeneity: Tau2 = 0.00; Chi2 = 4.21, df = 4 (P = 0.38); I2 =5%

Test for overall effect: Z = 2.66 (P = 0.0077)

3 Follow-up of longer than 3 years

Dugmore 1999 2/62 3/62 3.0 % 0.67 [ 0.12, 3.85 ]

Haskell 1994 2/145 3/155 2.9 % 0.71 [ 0.12, 4.20 ]

Hofman-Bang 1999 1/46 6/41 2.2 % 0.15 [ 0.02, 1.18 ]

La Rovere 2002 6/49 12/46 11.6 % 0.47 [ 0.19, 1.15 ]

Maroto 2005 7/90 14/90 12.5 % 0.50 [ 0.21, 1.18 ]

Roman 1983 13/93 24/100 24.6 % 0.58 [ 0.32, 1.08 ]

Vermeulen 1983 2/47 5/51 3.7 % 0.43 [ 0.09, 2.13 ]

Wilhelmsen 1975 23/158 33/157 39.5 % 0.69 [ 0.43, 1.12 ]

Subtotal (95% CI) 690 702 100.0 % 0.58 [ 0.43, 0.78 ]
Total events: 56 (Exercise), 100 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.73, df = 7 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 3.52 (P = 0.00043)
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Specchia 1996 5/125 13/131 3.7 % 0.40 [ 0.15, 1.10 ]

Toobert 2000 1/17 0/11 0.4 % 2.00 [ 0.09, 45.12 ]

WHO 1983 144/1208 151/1096 63.3 % 0.87 [ 0.70, 1.07 ]

Subtotal (95% CI) 1971 1862 100.0 % 0.77 [ 0.63, 0.93 ]
Total events: 199 (Exercise), 239 (Usual Care)

Heterogeneity: Tau2 = 0.00; Chi2 = 4.21, df = 4 (P = 0.38); I2 =5%

Test for overall effect: Z = 2.66 (P = 0.0077)

3 Follow-up of longer than 3 years

Dugmore 1999 2/62 3/62 3.0 % 0.67 [ 0.12, 3.85 ]

Haskell 1994 2/145 3/155 2.9 % 0.71 [ 0.12, 4.20 ]

Hofman-Bang 1999 1/46 6/41 2.2 % 0.15 [ 0.02, 1.18 ]

La Rovere 2002 6/49 12/46 11.6 % 0.47 [ 0.19, 1.15 ]

Maroto 2005 7/90 14/90 12.5 % 0.50 [ 0.21, 1.18 ]

Roman 1983 13/93 24/100 24.6 % 0.58 [ 0.32, 1.08 ]

Vermeulen 1983 2/47 5/51 3.7 % 0.43 [ 0.09, 2.13 ]

Wilhelmsen 1975 23/158 33/157 39.5 % 0.69 [ 0.43, 1.12 ]

Subtotal (95% CI) 690 702 100.0 % 0.58 [ 0.43, 0.78 ]
Total events: 56 (Exercise), 100 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.73, df = 7 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 3.52 (P = 0.00043)
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Analysis 1.3. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 3 Fatal and/or

nonfatal MI.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 3 Fatal and/or nonfatal MI

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Aronov 2010 2/197 5/195 2.2 % 0.40 [ 0.08, 2.02 ]

Bertie 1992 0/57 1/53 0.6 % 0.31 [ 0.01, 7.46 ]

Bethell 1990 9/113 14/116 9.1 % 0.66 [ 0.30, 1.46 ]

Briffa 2005 1/57 1/56 0.8 % 0.98 [ 0.06, 15.32 ]

DeBusk 1994 10/293 20/292 10.5 % 0.50 [ 0.24, 1.05 ]

Giallauria 2008 1/30 2/31 1.0 % 0.52 [ 0.05, 5.40 ]

Hambrecht 2004 0/51 1/50 0.6 % 0.33 [ 0.01, 7.84 ]

Haskell 1994 4/145 0/155 0.7 % 9.62 [ 0.52, 177.06 ]

Holmbäck 1994 2/34 0/35 0.6 % 5.14 [ 0.26, 103.35 ]

Kovoor 2006 3/72 1/70 1.2 % 2.92 [ 0.31, 27.37 ]

Maddison 2014 0/85 0/86 Not estimable

Miller 1984 5/127 5/71 4.0 % 0.56 [ 0.17, 1.87 ]

Munk 2009 1/20 1/20 0.8 % 1.00 [ 0.07, 14.90 ]

Mutwalli 2012 0/28 1/21 0.6 % 0.25 [ 0.01, 5.91 ]

Reid 2012 0/115 0/108 Not estimable

Schuler 1992 0/56 3/57 0.7 % 0.15 [ 0.01, 2.75 ]

Seki 2008 0/18 0/16 Not estimable

Stern 1983 1/42 1/29 0.8 % 0.69 [ 0.04, 10.60 ]

West 2012 31/795 39/811 27.2 % 0.81 [ 0.51, 1.29 ]

WHO 1983 56/1208 44/1096 38.8 % 1.15 [ 0.78, 1.70 ]

Subtotal (95% CI) 3543 3368 100.0 % 0.85 [ 0.67, 1.08 ]
Total events: 126 (Exercise), 139 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 14.27, df = 16 (P = 0.58); I2 =0.0%

Test for overall effect: Z = 1.32 (P = 0.19)

2 Follow-up of > 12 to 36 months
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Belardinelli 2001 1/59 3/59 0.6 % 0.33 [ 0.04, 3.11 ]

Bengtsson 1983 2/81 4/90 1.1 % 0.56 [ 0.10, 2.95 ]

Carson 1982 13/151 10/152 4.8 % 1.31 [ 0.59, 2.89 ]

Hambrecht 2004 1/51 1/50 0.4 % 0.98 [ 0.06, 15.25 ]

Hofman-Bang 1999 0/46 1/41 0.3 % 0.30 [ 0.01, 7.12 ]

Kallio 1979 34/188 21/187 11.8 % 1.61 [ 0.97, 2.67 ]

Leizorovicz 1991 4/60 6/61 2.0 % 0.68 [ 0.20, 2.28 ]

Shaw 1981 16/323 19/328 7.2 % 0.86 [ 0.45, 1.63 ]

West 2012 43/483 46/484 19.1 % 0.94 [ 0.63, 1.39 ]

WHO 1983 122/1208 101/1096 47.8 % 1.10 [ 0.85, 1.41 ]

Zwisler 2008 15/227 10/219 5.0 % 1.45 [ 0.66, 3.15 ]

Subtotal (95% CI) 2877 2767 100.0 % 1.09 [ 0.91, 1.29 ]
Total events: 251 (Exercise), 222 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 7.06, df = 10 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.94 (P = 0.35)

3 Follow-up of longer than 3 years

Andersen 1981 3/46 6/42 4.8 % 0.46 [ 0.12, 1.71 ]

Dugmore 1999 7/62 17/62 13.0 % 0.41 [ 0.18, 0.92 ]

Erdman 1986 2/40 1/40 1.5 % 2.00 [ 0.19, 21.18 ]

Haskell 1994 4/145 10/155 6.5 % 0.43 [ 0.14, 1.33 ]

Hofman-Bang 1999 0/46 2/41 0.9 % 0.18 [ 0.01, 3.62 ]

La Rovere 2002 0/49 2/46 0.9 % 0.19 [ 0.01, 3.81 ]

Maroto 2005 4/90 4/90 4.6 % 1.00 [ 0.26, 3.88 ]

Roman 1983 16/93 23/100 25.8 % 0.75 [ 0.42, 1.33 ]

Vermeulen 1983 4/47 9/51 6.9 % 0.48 [ 0.16, 1.46 ]

Wilhelmsen 1975 25/158 28/157 34.9 % 0.89 [ 0.54, 1.45 ]

Subtotal (95% CI) 776 784 100.0 % 0.67 [ 0.50, 0.90 ]
Total events: 65 (Exercise), 102 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 6.68, df = 9 (P = 0.67); I2 =0.0%

Test for overall effect: Z = 2.68 (P = 0.0075)
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Belardinelli 2001 1/59 3/59 0.6 % 0.33 [ 0.04, 3.11 ]

Bengtsson 1983 2/81 4/90 1.1 % 0.56 [ 0.10, 2.95 ]

Carson 1982 13/151 10/152 4.8 % 1.31 [ 0.59, 2.89 ]

Hambrecht 2004 1/51 1/50 0.4 % 0.98 [ 0.06, 15.25 ]

Hofman-Bang 1999 0/46 1/41 0.3 % 0.30 [ 0.01, 7.12 ]

Kallio 1979 34/188 21/187 11.8 % 1.61 [ 0.97, 2.67 ]

Leizorovicz 1991 4/60 6/61 2.0 % 0.68 [ 0.20, 2.28 ]

Shaw 1981 16/323 19/328 7.2 % 0.86 [ 0.45, 1.63 ]

West 2012 43/483 46/484 19.1 % 0.94 [ 0.63, 1.39 ]

WHO 1983 122/1208 101/1096 47.8 % 1.10 [ 0.85, 1.41 ]

Zwisler 2008 15/227 10/219 5.0 % 1.45 [ 0.66, 3.15 ]

Subtotal (95% CI) 2877 2767 100.0 % 1.09 [ 0.91, 1.29 ]
Total events: 251 (Exercise), 222 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 7.06, df = 10 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.94 (P = 0.35)

3 Follow-up of longer than 3 years

Andersen 1981 3/46 6/42 4.8 % 0.46 [ 0.12, 1.71 ]

Dugmore 1999 7/62 17/62 13.0 % 0.41 [ 0.18, 0.92 ]

Erdman 1986 2/40 1/40 1.5 % 2.00 [ 0.19, 21.18 ]

Haskell 1994 4/145 10/155 6.5 % 0.43 [ 0.14, 1.33 ]

Hofman-Bang 1999 0/46 2/41 0.9 % 0.18 [ 0.01, 3.62 ]

La Rovere 2002 0/49 2/46 0.9 % 0.19 [ 0.01, 3.81 ]

Maroto 2005 4/90 4/90 4.6 % 1.00 [ 0.26, 3.88 ]

Roman 1983 16/93 23/100 25.8 % 0.75 [ 0.42, 1.33 ]

Vermeulen 1983 4/47 9/51 6.9 % 0.48 [ 0.16, 1.46 ]

Wilhelmsen 1975 25/158 28/157 34.9 % 0.89 [ 0.54, 1.45 ]

Subtotal (95% CI) 776 784 100.0 % 0.67 [ 0.50, 0.90 ]
Total events: 65 (Exercise), 102 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 6.68, df = 9 (P = 0.67); I2 =0.0%

Test for overall effect: Z = 2.68 (P = 0.0075)
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Analysis 1.6. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 6 Hospital admissions.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 6 Hospital admissions

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Briffa 2005 19/57 19/56 20.2 % 0.98 [ 0.59, 1.65 ]

Engblom 1996 26/102 34/91 23.8 % 0.68 [ 0.45, 1.04 ]

Giallauria 2008 3/30 7/31 6.2 % 0.44 [ 0.13, 1.55 ]

Hambrecht 2004 1/51 7/50 2.6 % 0.14 [ 0.02, 1.10 ]

Hofman-Bang 1999 16/48 14/45 17.7 % 1.07 [ 0.59, 1.93 ]

Lewin 1992 9/58 18/58 14.3 % 0.50 [ 0.25, 1.02 ]

Maddison 2014 0/85 0/86 Not estimable

Mutwalli 2012 4/28 11/21 9.0 % 0.27 [ 0.10, 0.74 ]

Reid 2012 4/115 6/108 6.3 % 0.63 [ 0.18, 2.16 ]

Subtotal (95% CI) 574 546 100.0 % 0.65 [ 0.46, 0.92 ]
Total events: 82 (Exercise), 116 (Usual Care)

Heterogeneity: Tau2 = 0.08; Chi2 = 11.08, df = 7 (P = 0.14); I2 =37%

Test for overall effect: Z = 2.46 (P = 0.014)

2 Follow-up of > 12 to 36 months

Belardinelli 2001 11/59 21/59 3.7 % 0.52 [ 0.28, 0.99 ]

Haskell 1994 62/145 72/155 23.3 % 0.92 [ 0.71, 1.19 ]

Shaw 1981 109/323 113/328 32.8 % 0.98 [ 0.79, 1.21 ]

VHSG 2003 11/98 14/99 2.7 % 0.79 [ 0.38, 1.66 ]

Yu 2004 34/132 16/72 5.5 % 1.16 [ 0.69, 1.95 ]

Zwisler 2008 95/227 94/219 31.9 % 0.98 [ 0.79, 1.21 ]

Subtotal (95% CI) 984 932 100.0 % 0.95 [ 0.84, 1.07 ]
Total events: 322 (Exercise), 330 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 4.37, df = 5 (P = 0.50); I2 =0.0%

Test for overall effect: Z = 0.90 (P = 0.37)

3 Follow-up of longer than 3 years

Subtotal (95% CI) 0 0 Not estimable
Total events: 0 (Exercise), 0 (Usual Care)

Heterogeneity: not applicable

Test for overall effect: not applicable
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Analysis 1.6. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 6 Hospital admissions.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 6 Hospital admissions

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Briffa 2005 19/57 19/56 20.2 % 0.98 [ 0.59, 1.65 ]

Engblom 1996 26/102 34/91 23.8 % 0.68 [ 0.45, 1.04 ]

Giallauria 2008 3/30 7/31 6.2 % 0.44 [ 0.13, 1.55 ]

Hambrecht 2004 1/51 7/50 2.6 % 0.14 [ 0.02, 1.10 ]

Hofman-Bang 1999 16/48 14/45 17.7 % 1.07 [ 0.59, 1.93 ]

Lewin 1992 9/58 18/58 14.3 % 0.50 [ 0.25, 1.02 ]

Maddison 2014 0/85 0/86 Not estimable

Mutwalli 2012 4/28 11/21 9.0 % 0.27 [ 0.10, 0.74 ]

Reid 2012 4/115 6/108 6.3 % 0.63 [ 0.18, 2.16 ]

Subtotal (95% CI) 574 546 100.0 % 0.65 [ 0.46, 0.92 ]
Total events: 82 (Exercise), 116 (Usual Care)

Heterogeneity: Tau2 = 0.08; Chi2 = 11.08, df = 7 (P = 0.14); I2 =37%

Test for overall effect: Z = 2.46 (P = 0.014)

2 Follow-up of > 12 to 36 months

Belardinelli 2001 11/59 21/59 3.7 % 0.52 [ 0.28, 0.99 ]

Haskell 1994 62/145 72/155 23.3 % 0.92 [ 0.71, 1.19 ]

Shaw 1981 109/323 113/328 32.8 % 0.98 [ 0.79, 1.21 ]

VHSG 2003 11/98 14/99 2.7 % 0.79 [ 0.38, 1.66 ]

Yu 2004 34/132 16/72 5.5 % 1.16 [ 0.69, 1.95 ]

Zwisler 2008 95/227 94/219 31.9 % 0.98 [ 0.79, 1.21 ]

Subtotal (95% CI) 984 932 100.0 % 0.95 [ 0.84, 1.07 ]
Total events: 322 (Exercise), 330 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 4.37, df = 5 (P = 0.50); I2 =0.0%

Test for overall effect: Z = 0.90 (P = 0.37)

3 Follow-up of longer than 3 years

Subtotal (95% CI) 0 0 Not estimable
Total events: 0 (Exercise), 0 (Usual Care)

Heterogeneity: not applicable

Test for overall effect: not applicable
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RCVR : place de la réadaptation 
Effets sur le long terme

6-12M
12-36M
> 36M

Mortalité  
totale

Mortalité  
CV

Suivi

IDM

(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Maroto 2005 7/90 16/90 4.7 % 0.44 [ 0.19, 1.01 ]

Oerkild 2012 4/19 5/21 2.6 % 0.88 [ 0.28, 2.82 ]

Roman 1983 16/93 27/100 9.5 % 0.64 [ 0.37, 1.10 ]

Shaw 1981 162/315 150/319 31.9 % 1.09 [ 0.93, 1.28 ]

Vermeulen 1983 2/47 5/51 1.4 % 0.43 [ 0.09, 2.13 ]

West 2012 245/903 243/910 32.4 % 1.02 [ 0.87, 1.18 ]

Wilhelmsen 1975 28/158 35/157 12.9 % 0.79 [ 0.51, 1.24 ]

Subtotal (95% CI) 1902 1926 100.0 % 0.91 [ 0.75, 1.10 ]
Total events: 476 (Exercise), 493 (Usual Care)

Heterogeneity: Tau2 = 0.02; Chi2 = 15.45, df = 10 (P = 0.12); I2 =35%

Test for overall effect: Z = 0.96 (P = 0.34)
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Sivarajan 1982 3/79 1/36 0.6 % 1.37 [ 0.15, 12.70 ]

Sivarajan 1982 3/74 1/36 0.6 % 1.46 [ 0.16, 13.54 ]

Stern 1983 0/42 1/29 0.3 % 0.23 [ 0.01, 5.52 ]

Wang 2012 1/80 3/80 0.6 % 0.33 [ 0.04, 3.14 ]

West 2012 54/903 47/910 22.0 % 1.16 [ 0.79, 1.69 ]

WHO 1983 60/1208 76/1096 29.4 % 0.72 [ 0.52, 0.99 ]

Wilhelmsen 1975 19/158 29/157 11.1 % 0.65 [ 0.38, 1.11 ]

Subtotal (95% CI) 4573 4227 100.0 % 0.88 [ 0.73, 1.05 ]
Total events: 226 (Exercise), 238 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 15.97, df = 22 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 1.46 (P = 0.14)

2 Follow-up of > 12 to 36 months

Bengtsson 1983 10/81 6/90 1.8 % 1.85 [ 0.70, 4.87 ]

Carson 1982 12/151 21/152 3.7 % 0.58 [ 0.29, 1.13 ]

Hambrecht 2004 1/51 2/50 0.3 % 0.49 [ 0.05, 5.24 ]

Kallio 1979 41/188 56/187 13.7 % 0.73 [ 0.51, 1.03 ]

Leizorovicz 1991 0/60 4/61 0.2 % 0.11 [ 0.01, 2.05 ]

Shaw 1981 15/323 24/328 4.2 % 0.63 [ 0.34, 1.19 ]

St hle 1999 5/56 3/53 0.9 % 1.58 [ 0.40, 6.28 ]

Toobert 2000 1/17 0/11 0.2 % 2.00 [ 0.09, 45.12 ]

VHSG 2003 2/98 1/99 0.3 % 2.02 [ 0.19, 21.92 ]

West 2012 104/903 107/910 25.8 % 0.98 [ 0.76, 1.26 ]

WHO 1983 169/1208 169/1096 42.8 % 0.91 [ 0.75, 1.10 ]

Yu 2004 4/132 4/72 0.9 % 0.55 [ 0.14, 2.12 ]

Zwisler 2008 24/227 20/219 5.2 % 1.16 [ 0.66, 2.03 ]

Subtotal (95% CI) 3495 3328 100.0 % 0.89 [ 0.78, 1.01 ]
Total events: 388 (Exercise), 417 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 11.70, df = 12 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 1.77 (P = 0.078)

3 Follow-up longer than 3 years

Andersen 1981 4/46 3/42 1.7 % 1.22 [ 0.29, 5.12 ]

Erdman 1986 4/40 0/40 0.4 % 9.00 [ 0.50, 161.86 ]

Haskell 1994 3/145 3/155 1.4 % 1.07 [ 0.22, 5.21 ]

Hofman-Bang 1999 1/46 6/41 0.9 % 0.15 [ 0.02, 1.18 ]
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Sivarajan 1982 3/79 1/36 0.6 % 1.37 [ 0.15, 12.70 ]

Sivarajan 1982 3/74 1/36 0.6 % 1.46 [ 0.16, 13.54 ]

Stern 1983 0/42 1/29 0.3 % 0.23 [ 0.01, 5.52 ]

Wang 2012 1/80 3/80 0.6 % 0.33 [ 0.04, 3.14 ]

West 2012 54/903 47/910 22.0 % 1.16 [ 0.79, 1.69 ]

WHO 1983 60/1208 76/1096 29.4 % 0.72 [ 0.52, 0.99 ]

Wilhelmsen 1975 19/158 29/157 11.1 % 0.65 [ 0.38, 1.11 ]

Subtotal (95% CI) 4573 4227 100.0 % 0.88 [ 0.73, 1.05 ]
Total events: 226 (Exercise), 238 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 15.97, df = 22 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 1.46 (P = 0.14)

2 Follow-up of > 12 to 36 months

Bengtsson 1983 10/81 6/90 1.8 % 1.85 [ 0.70, 4.87 ]

Carson 1982 12/151 21/152 3.7 % 0.58 [ 0.29, 1.13 ]

Hambrecht 2004 1/51 2/50 0.3 % 0.49 [ 0.05, 5.24 ]

Kallio 1979 41/188 56/187 13.7 % 0.73 [ 0.51, 1.03 ]

Leizorovicz 1991 0/60 4/61 0.2 % 0.11 [ 0.01, 2.05 ]

Shaw 1981 15/323 24/328 4.2 % 0.63 [ 0.34, 1.19 ]

St hle 1999 5/56 3/53 0.9 % 1.58 [ 0.40, 6.28 ]

Toobert 2000 1/17 0/11 0.2 % 2.00 [ 0.09, 45.12 ]

VHSG 2003 2/98 1/99 0.3 % 2.02 [ 0.19, 21.92 ]

West 2012 104/903 107/910 25.8 % 0.98 [ 0.76, 1.26 ]

WHO 1983 169/1208 169/1096 42.8 % 0.91 [ 0.75, 1.10 ]

Yu 2004 4/132 4/72 0.9 % 0.55 [ 0.14, 2.12 ]

Zwisler 2008 24/227 20/219 5.2 % 1.16 [ 0.66, 2.03 ]

Subtotal (95% CI) 3495 3328 100.0 % 0.89 [ 0.78, 1.01 ]
Total events: 388 (Exercise), 417 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 11.70, df = 12 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 1.77 (P = 0.078)

3 Follow-up longer than 3 years

Andersen 1981 4/46 3/42 1.7 % 1.22 [ 0.29, 5.12 ]

Erdman 1986 4/40 0/40 0.4 % 9.00 [ 0.50, 161.86 ]

Haskell 1994 3/145 3/155 1.4 % 1.07 [ 0.22, 5.21 ]

Hofman-Bang 1999 1/46 6/41 0.9 % 0.15 [ 0.02, 1.18 ]
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Analysis 1.1. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 1 Total mortality.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 1 Total mortality

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Bell 1998 19/251 8/102 5.0 % 0.97 [ 0.44, 2.13 ]

Bertie 1992 0/57 3/53 0.4 % 0.13 [ 0.01, 2.52 ]

Bethell 1990 16/113 12/116 6.4 % 1.37 [ 0.68, 2.76 ]

Briffa 2005 0/57 2/56 0.3 % 0.20 [ 0.01, 4.00 ]

Carlsson 1998 2/113 2/112 0.8 % 0.99 [ 0.14, 6.91 ]

DeBusk 1994 12/293 10/292 4.7 % 1.20 [ 0.52, 2.72 ]

Engblom 1996 12/119 13/109 5.8 % 0.85 [ 0.40, 1.77 ]

Fletcher 1994 3/41 4/47 1.5 % 0.86 [ 0.20, 3.62 ]

Fridlund 1991 9/87 14/91 5.2 % 0.67 [ 0.31, 1.47 ]

Hambrecht 2004 0/51 0/50 Not estimable

Heller 1993 6/213 3/237 1.7 % 2.23 [ 0.56, 8.79 ]

Higgins 2001 1/54 0/49 0.3 % 2.73 [ 0.11, 65.43 ]

Holmbäck 1994 1/34 1/35 0.4 % 1.03 [ 0.07, 15.80 ]

Houle 2012 0/32 0/33 Not estimable

Kovoor 2006 0/72 0/70 Not estimable

Maddison 2014 0/85 0/86 Not estimable

Manchanda 2000 0/21 0/21 Not estimable

Munk 2009 0/20 0/20 Not estimable

Mutwalli 2012 0/28 1/21 0.3 % 0.25 [ 0.01, 5.91 ]

Oldridge 1991 3/99 4/102 1.5 % 0.77 [ 0.18, 3.36 ]

Reid 2012 0/115 2/108 0.3 % 0.19 [ 0.01, 3.87 ]

Schuler 1992 2/56 1/57 0.6 % 2.04 [ 0.19, 21.82 ]

Seki 2008 0/18 0/16 Not estimable
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Analysis 1.2. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 2 Cardiovascular

mortality.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 2 Cardiovascular mortality

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Aronov 2010 3/197 6/195 3.7 % 0.49 [ 0.13, 1.95 ]

Bethell 1990 13/113 12/116 12.7 % 1.11 [ 0.53, 2.33 ]

Briffa 2005 0/57 1/56 0.7 % 0.33 [ 0.01, 7.87 ]

DeBusk 1994 11/293 9/292 9.3 % 1.22 [ 0.51, 2.90 ]

Hambrecht 2004 0/51 2/50 0.8 % 0.20 [ 0.01, 3.99 ]

Haskell 1994 1/145 0/155 0.7 % 3.21 [ 0.13, 78.06 ]

Maddison 2014 0/85 0/86 Not estimable

Miller 1984 0/127 2/71 0.8 % 0.11 [ 0.01, 2.31 ]

Munk 2009 0/20 0/20 Not estimable

Ornish 1990 2/28 1/20 1.3 % 1.43 [ 0.14, 14.70 ]

Schuler 1992 2/56 0/57 0.8 % 5.09 [ 0.25, 103.66 ]

Seki 2008 0/20 0/19 Not estimable

Sivarajan 1982 3/71 1/32 1.4 % 1.35 [ 0.15, 12.50 ]

Sivarajan 1982 3/65 0/33 0.8 % 3.61 [ 0.19, 67.81 ]

Vecchio 1981 0/25 2/25 0.8 % 0.20 [ 0.01, 3.97 ]

WHO 1983 67/1208 71/1096 66.4 % 0.86 [ 0.62, 1.18 ]

Subtotal (95% CI) 2561 2323 100.0 % 0.90 [ 0.69, 1.17 ]
Total events: 105 (Exercise), 107 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 8.79, df = 12 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.80 (P = 0.43)

2 Follow-up of > 12 months to 36 months

Belardinelli 2001 0/59 0/59 Not estimable

Hambrecht 2004 0/51 0/50 Not estimable

Kallio 1979 35/188 55/187 24.5 % 0.63 [ 0.44, 0.92 ]

Shaw 1981 14/323 20/328 8.2 % 0.71 [ 0.37, 1.38 ]
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Specchia 1996 5/125 13/131 3.7 % 0.40 [ 0.15, 1.10 ]

Toobert 2000 1/17 0/11 0.4 % 2.00 [ 0.09, 45.12 ]

WHO 1983 144/1208 151/1096 63.3 % 0.87 [ 0.70, 1.07 ]

Subtotal (95% CI) 1971 1862 100.0 % 0.77 [ 0.63, 0.93 ]
Total events: 199 (Exercise), 239 (Usual Care)

Heterogeneity: Tau2 = 0.00; Chi2 = 4.21, df = 4 (P = 0.38); I2 =5%

Test for overall effect: Z = 2.66 (P = 0.0077)

3 Follow-up of longer than 3 years

Dugmore 1999 2/62 3/62 3.0 % 0.67 [ 0.12, 3.85 ]

Haskell 1994 2/145 3/155 2.9 % 0.71 [ 0.12, 4.20 ]

Hofman-Bang 1999 1/46 6/41 2.2 % 0.15 [ 0.02, 1.18 ]

La Rovere 2002 6/49 12/46 11.6 % 0.47 [ 0.19, 1.15 ]

Maroto 2005 7/90 14/90 12.5 % 0.50 [ 0.21, 1.18 ]

Roman 1983 13/93 24/100 24.6 % 0.58 [ 0.32, 1.08 ]

Vermeulen 1983 2/47 5/51 3.7 % 0.43 [ 0.09, 2.13 ]

Wilhelmsen 1975 23/158 33/157 39.5 % 0.69 [ 0.43, 1.12 ]

Subtotal (95% CI) 690 702 100.0 % 0.58 [ 0.43, 0.78 ]
Total events: 56 (Exercise), 100 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.73, df = 7 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 3.52 (P = 0.00043)
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Specchia 1996 5/125 13/131 3.7 % 0.40 [ 0.15, 1.10 ]

Toobert 2000 1/17 0/11 0.4 % 2.00 [ 0.09, 45.12 ]

WHO 1983 144/1208 151/1096 63.3 % 0.87 [ 0.70, 1.07 ]

Subtotal (95% CI) 1971 1862 100.0 % 0.77 [ 0.63, 0.93 ]
Total events: 199 (Exercise), 239 (Usual Care)

Heterogeneity: Tau2 = 0.00; Chi2 = 4.21, df = 4 (P = 0.38); I2 =5%

Test for overall effect: Z = 2.66 (P = 0.0077)

3 Follow-up of longer than 3 years

Dugmore 1999 2/62 3/62 3.0 % 0.67 [ 0.12, 3.85 ]

Haskell 1994 2/145 3/155 2.9 % 0.71 [ 0.12, 4.20 ]

Hofman-Bang 1999 1/46 6/41 2.2 % 0.15 [ 0.02, 1.18 ]

La Rovere 2002 6/49 12/46 11.6 % 0.47 [ 0.19, 1.15 ]

Maroto 2005 7/90 14/90 12.5 % 0.50 [ 0.21, 1.18 ]

Roman 1983 13/93 24/100 24.6 % 0.58 [ 0.32, 1.08 ]

Vermeulen 1983 2/47 5/51 3.7 % 0.43 [ 0.09, 2.13 ]

Wilhelmsen 1975 23/158 33/157 39.5 % 0.69 [ 0.43, 1.12 ]

Subtotal (95% CI) 690 702 100.0 % 0.58 [ 0.43, 0.78 ]
Total events: 56 (Exercise), 100 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.73, df = 7 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 3.52 (P = 0.00043)
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Analysis 1.3. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 3 Fatal and/or

nonfatal MI.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 3 Fatal and/or nonfatal MI

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Aronov 2010 2/197 5/195 2.2 % 0.40 [ 0.08, 2.02 ]

Bertie 1992 0/57 1/53 0.6 % 0.31 [ 0.01, 7.46 ]

Bethell 1990 9/113 14/116 9.1 % 0.66 [ 0.30, 1.46 ]

Briffa 2005 1/57 1/56 0.8 % 0.98 [ 0.06, 15.32 ]

DeBusk 1994 10/293 20/292 10.5 % 0.50 [ 0.24, 1.05 ]

Giallauria 2008 1/30 2/31 1.0 % 0.52 [ 0.05, 5.40 ]

Hambrecht 2004 0/51 1/50 0.6 % 0.33 [ 0.01, 7.84 ]

Haskell 1994 4/145 0/155 0.7 % 9.62 [ 0.52, 177.06 ]

Holmbäck 1994 2/34 0/35 0.6 % 5.14 [ 0.26, 103.35 ]

Kovoor 2006 3/72 1/70 1.2 % 2.92 [ 0.31, 27.37 ]

Maddison 2014 0/85 0/86 Not estimable

Miller 1984 5/127 5/71 4.0 % 0.56 [ 0.17, 1.87 ]

Munk 2009 1/20 1/20 0.8 % 1.00 [ 0.07, 14.90 ]

Mutwalli 2012 0/28 1/21 0.6 % 0.25 [ 0.01, 5.91 ]

Reid 2012 0/115 0/108 Not estimable

Schuler 1992 0/56 3/57 0.7 % 0.15 [ 0.01, 2.75 ]

Seki 2008 0/18 0/16 Not estimable

Stern 1983 1/42 1/29 0.8 % 0.69 [ 0.04, 10.60 ]

West 2012 31/795 39/811 27.2 % 0.81 [ 0.51, 1.29 ]

WHO 1983 56/1208 44/1096 38.8 % 1.15 [ 0.78, 1.70 ]

Subtotal (95% CI) 3543 3368 100.0 % 0.85 [ 0.67, 1.08 ]
Total events: 126 (Exercise), 139 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 14.27, df = 16 (P = 0.58); I2 =0.0%

Test for overall effect: Z = 1.32 (P = 0.19)

2 Follow-up of > 12 to 36 months
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Belardinelli 2001 1/59 3/59 0.6 % 0.33 [ 0.04, 3.11 ]

Bengtsson 1983 2/81 4/90 1.1 % 0.56 [ 0.10, 2.95 ]

Carson 1982 13/151 10/152 4.8 % 1.31 [ 0.59, 2.89 ]

Hambrecht 2004 1/51 1/50 0.4 % 0.98 [ 0.06, 15.25 ]

Hofman-Bang 1999 0/46 1/41 0.3 % 0.30 [ 0.01, 7.12 ]

Kallio 1979 34/188 21/187 11.8 % 1.61 [ 0.97, 2.67 ]

Leizorovicz 1991 4/60 6/61 2.0 % 0.68 [ 0.20, 2.28 ]

Shaw 1981 16/323 19/328 7.2 % 0.86 [ 0.45, 1.63 ]

West 2012 43/483 46/484 19.1 % 0.94 [ 0.63, 1.39 ]

WHO 1983 122/1208 101/1096 47.8 % 1.10 [ 0.85, 1.41 ]

Zwisler 2008 15/227 10/219 5.0 % 1.45 [ 0.66, 3.15 ]

Subtotal (95% CI) 2877 2767 100.0 % 1.09 [ 0.91, 1.29 ]
Total events: 251 (Exercise), 222 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 7.06, df = 10 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.94 (P = 0.35)

3 Follow-up of longer than 3 years

Andersen 1981 3/46 6/42 4.8 % 0.46 [ 0.12, 1.71 ]

Dugmore 1999 7/62 17/62 13.0 % 0.41 [ 0.18, 0.92 ]

Erdman 1986 2/40 1/40 1.5 % 2.00 [ 0.19, 21.18 ]

Haskell 1994 4/145 10/155 6.5 % 0.43 [ 0.14, 1.33 ]

Hofman-Bang 1999 0/46 2/41 0.9 % 0.18 [ 0.01, 3.62 ]

La Rovere 2002 0/49 2/46 0.9 % 0.19 [ 0.01, 3.81 ]

Maroto 2005 4/90 4/90 4.6 % 1.00 [ 0.26, 3.88 ]

Roman 1983 16/93 23/100 25.8 % 0.75 [ 0.42, 1.33 ]

Vermeulen 1983 4/47 9/51 6.9 % 0.48 [ 0.16, 1.46 ]

Wilhelmsen 1975 25/158 28/157 34.9 % 0.89 [ 0.54, 1.45 ]

Subtotal (95% CI) 776 784 100.0 % 0.67 [ 0.50, 0.90 ]
Total events: 65 (Exercise), 102 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 6.68, df = 9 (P = 0.67); I2 =0.0%

Test for overall effect: Z = 2.68 (P = 0.0075)
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(. . . Continued)
Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Belardinelli 2001 1/59 3/59 0.6 % 0.33 [ 0.04, 3.11 ]

Bengtsson 1983 2/81 4/90 1.1 % 0.56 [ 0.10, 2.95 ]

Carson 1982 13/151 10/152 4.8 % 1.31 [ 0.59, 2.89 ]

Hambrecht 2004 1/51 1/50 0.4 % 0.98 [ 0.06, 15.25 ]

Hofman-Bang 1999 0/46 1/41 0.3 % 0.30 [ 0.01, 7.12 ]

Kallio 1979 34/188 21/187 11.8 % 1.61 [ 0.97, 2.67 ]

Leizorovicz 1991 4/60 6/61 2.0 % 0.68 [ 0.20, 2.28 ]

Shaw 1981 16/323 19/328 7.2 % 0.86 [ 0.45, 1.63 ]

West 2012 43/483 46/484 19.1 % 0.94 [ 0.63, 1.39 ]

WHO 1983 122/1208 101/1096 47.8 % 1.10 [ 0.85, 1.41 ]

Zwisler 2008 15/227 10/219 5.0 % 1.45 [ 0.66, 3.15 ]

Subtotal (95% CI) 2877 2767 100.0 % 1.09 [ 0.91, 1.29 ]
Total events: 251 (Exercise), 222 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 7.06, df = 10 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.94 (P = 0.35)
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Heterogeneity: Tau2 = 0.0; Chi2 = 6.68, df = 9 (P = 0.67); I2 =0.0%
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Analysis 1.6. Comparison 1 Exercise-based rehabilitation versus usual care, Outcome 6 Hospital admissions.

Review: Exercise-based cardiac rehabilitation for coronary heart disease

Comparison: 1 Exercise-based rehabilitation versus usual care

Outcome: 6 Hospital admissions

Study or subgroup Exercise Usual Care Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

1 Follow-up of 6 to 12 months

Briffa 2005 19/57 19/56 20.2 % 0.98 [ 0.59, 1.65 ]

Engblom 1996 26/102 34/91 23.8 % 0.68 [ 0.45, 1.04 ]

Giallauria 2008 3/30 7/31 6.2 % 0.44 [ 0.13, 1.55 ]

Hambrecht 2004 1/51 7/50 2.6 % 0.14 [ 0.02, 1.10 ]

Hofman-Bang 1999 16/48 14/45 17.7 % 1.07 [ 0.59, 1.93 ]

Lewin 1992 9/58 18/58 14.3 % 0.50 [ 0.25, 1.02 ]

Maddison 2014 0/85 0/86 Not estimable

Mutwalli 2012 4/28 11/21 9.0 % 0.27 [ 0.10, 0.74 ]

Reid 2012 4/115 6/108 6.3 % 0.63 [ 0.18, 2.16 ]

Subtotal (95% CI) 574 546 100.0 % 0.65 [ 0.46, 0.92 ]
Total events: 82 (Exercise), 116 (Usual Care)

Heterogeneity: Tau2 = 0.08; Chi2 = 11.08, df = 7 (P = 0.14); I2 =37%

Test for overall effect: Z = 2.46 (P = 0.014)

2 Follow-up of > 12 to 36 months

Belardinelli 2001 11/59 21/59 3.7 % 0.52 [ 0.28, 0.99 ]

Haskell 1994 62/145 72/155 23.3 % 0.92 [ 0.71, 1.19 ]

Shaw 1981 109/323 113/328 32.8 % 0.98 [ 0.79, 1.21 ]

VHSG 2003 11/98 14/99 2.7 % 0.79 [ 0.38, 1.66 ]

Yu 2004 34/132 16/72 5.5 % 1.16 [ 0.69, 1.95 ]

Zwisler 2008 95/227 94/219 31.9 % 0.98 [ 0.79, 1.21 ]

Subtotal (95% CI) 984 932 100.0 % 0.95 [ 0.84, 1.07 ]
Total events: 322 (Exercise), 330 (Usual Care)

Heterogeneity: Tau2 = 0.0; Chi2 = 4.37, df = 5 (P = 0.50); I2 =0.0%

Test for overall effect: Z = 0.90 (P = 0.37)

3 Follow-up of longer than 3 years

Subtotal (95% CI) 0 0 Not estimable
Total events: 0 (Exercise), 0 (Usual Care)

Heterogeneity: not applicable

Test for overall effect: not applicable
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Haut niveau de preuve dans les maladies CV
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..QOL or prognosis; however, providing this information has become
a key component of education for self-care.

General educational approaches include:

• Providing information in a variety of formats that take into
account educational grade and health literacy. Consider
approaches with active roles for patients and caregivers such as
‘ask-tell-ask’, ‘teach back’, or motivational interviewing. Reinforce
messages at regular time intervals.

• Recognizing barriers to communication (language, social skills,
cognition, anxiety/depression, hearing or visual challenges).

• Recommending ‘HFmatters.org’. Offer help and guidance to use
it and offer discussion of questions arising.

• Inviting patients to be accompanied by a family member or friend.

Key topics to include are recommended in Table 12.

9.4 Exercise rehabilitation
There is consistent evidence that physical conditioning by exercise
training improves exercise tolerance, and health-related QOL in
patients with HF. Clinical trials and meta-analyses in people with
HFrEF show that exercise rehabilitation improves exercise capacity
and QOL. Several meta-analyses also show that it reduces all-cause
and HF hospitalizations, although uncertainty persists about its effects
on mortality.322!328 The effect on hospitalization is seen in those
who are highly adherent to the exercise programme.329 High-
intensity interval training, in patients who are able and willing,
may improve peak oxygen consumption (VO2).

330,331 Supervised

exercise-based rehabilitation should be considered in those who are
frail, who have more severe disease or comorbidities.95

Physical conditioning also improves exercise capacity and
QOL.332!335 No data on HFmrEF are available, but benefits
observed in the other groups of HF should also apply to this group.

9.5 Follow-up of chronic heart failure
9.5.1 General follow-up

This is a relatively understudied area. Patients with HF, even if symp-
toms are well controlled and stable, require follow-up to ensure con-
tinued optimization of therapy, to detect asymptomatic progression of
HF or its comorbidities and to discuss any new advances in care. These
guidelines recommend follow-up at intervals no longer than 6 months
to check symptoms, heart rate and rhythm, BP, full blood count, elec-
trolytes, and renal function. For patients recently discharged from hos-
pital, or in those undergoing uptitration of medication, follow-up
intervals should be more frequent. Whether such stable patients need
to be followed-up by cardiologists is uncertain. Some studies suggest
that follow-up in primary care may be appropriate.303,339 However,
uptake of evidence-based interventions is poor in many settings340,104

and several studies suggest that care and follow-up provided by HF
specialists, and use of quality improvement registries can lead to higher
rates of optimal therapy and improved outcomes.341!343

An ECG should be done annually to detect QRS prolongation344

as such patients may become candidates for CRT. Furthermore, it
may identify conduction disturbances and AF.

Serial echocardiography is generally not necessary, although an
echocardiogram should be repeated if there has been a deterioration
in clinical status. An echocardiogram is also advised 3!6 months after
optimization of standard therapies for HFrEF to determine the need
for addition of newer pharmacological agents and implanted devices.

9.5.2 Monitoring with biomarkers

Trials investigating the use of biomarkers (particularly BNP and/or
NT-proBNP) to guide pharmacotherapy for HFrEF have produced
conflicting results.345!352 They are undoubtedly good prognostic
markers.72,353,354 Conceptually, it is not clear what a biomarker-
supported strategy might offer in addition to assiduous application of
guideline-recommended therapy. Current evidence, therefore, does
not support the routine measurement of BNP or NT-proBNP to
guide titration of therapy.

9.6 Telemonitoring
Telemonitoring enables patients to provide, remotely, digital health
information to support and optimize their care. Data such as

Table 12 Continued

Education topic Goal for the patient and caregiver Professional behaviour and educational tools

To recognise that the carer or family members may be

greatly affected and need to seek help.

Family and informal

caregivers

To be able to ask for support. Discuss the preference of caregiver/family involvement.

Involve patients and caregivers in a respectful way.

CMP = cardiomyopathy; CV = cardiovascular; HF = heart failure.
a1 unit is 10 mL of pure alcohol (e.g., 1 glass of wine, 1=2 pint of beer, 1 measure of spirit).

Recommendations for exercise rehabilitation in patients
with chronic heart failure

Recommendations Classa Levelb

Exercise is recommended for all patients who are

able in order to improve exercise capacity, QOL,

and reduce HF hospitalization.c 324!328,335!337

I A

A supervised, exercise-based, cardiac rehabilita-

tion programme should be considered in

patients with more severe disease, frailty, or

with comorbidities.95,324!327,338

IIa C

HF = heart failure; QOL = quality of life.
aClass of recommendation.
bLevel of evidence.
cIn those who are able to adhere to the exercise programme.
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..component of BMT includes antihypertensive, lipid-lowering and
antithrombotic drugs. In diabetic patients, optimal glucose level con-
trol should be obtained as recommended.26

4.2.1 Smoking cessation

A body of evidence supports the benefits of smoking cessation in
reducing CV events and mortality, especially in patients with cerebro-
vascular disease and LEAD.27,28 Management and support for smok-
ing cessation was extensively addressed in the 2016 ESC guidelines
on CV disease prevention.25 Passive smoking should be assessed and
prevented.29

4.2.2 Lipid-lowering drugs

All patients with PADs should have their serum low-density lipopro-
tein cholesterol (LDL-C) reduced to < 1.8 mmol/L (<70 mg/dL) or
decreased by >_ 50% if the initial LDL-C level is between 1.8 and
3.5 mmol/L (70 and 135 mg/dL).25 In observational studies and limited
randomized clinical trials (RCTs) in patients with LEAD (from asymp-
tomatic to severe cases), statin therapy has been shown to cause
reductions in all-cause mortality and CV events.30–32 In the Reduction
of Atherothrombosis for Continued Health (REACH) registry, among
patients with LEAD, statin use was associated with a 17% decrease in
adverse CV events rates.33 Even in the most advanced stages of dis-
ease, statin therapy is associated with lower 1-year rates of mortality
and major CV adverse events.34 Combination treatment with ezeti-
mibe in selected patients is also beneficial.35 In a randomized trial,
bezafibrate showed no benefit over placebo to reduce coronary and
cerebrovascular events in patients with LEAD.36 In those with CAD,
statins reduce the stroke risk.37,38 Recently the Fourier trial demon-
strated the additional benefits of evolocumab, a monoclonal antibody
inhibiting the proprotein convertase subtilisin/kexin type 9 to reduce
CV events in patients with atherosclerotic disease over statins alone.39

The results were consistent in the subgroup of 1505 patients with
LEAD alone. Further results are awaited.

4.2.3 Antithrombotic drugs

Antiplatelet agents are used for secondary prevention of CV events
in patients with symptomatic PADs. The evidence is mostly available
in patients with LEAD and cerebrovascular disease (see chapter 5).

4.2.4 Antihypertensive drugs

Lowering systolic blood pressure (SBP) reduces CV events.40

According to the current ESC/European Society of Hypertension
guidelines,41 a target BP < 140/90 mmHg is recommended except in
patients with diabetes, for whom a diastolic blood pressure
<_85 mmHg is considered safe. In patients with LEAD, this is mainly
based on data from the INternational VErapamil-SR/Trandolapril
(INVEST) study.42 Caution should be exercised to avoid an SBP
decrease below 110–120 mmHg, since a J-shape relationship
between SBP and CV events has been reported in that trial in LEAD
patients.42 In old and frail patients, these levels should be achieved
only if well tolerated, without orthostatic hypotension.43,44 In
patients with PADs, an appropriate lifestyle and salt intake (<5–6 g/
day) are recommended.45 Diuretics, beta-blockers, calcium antago-
nists, angiotensin-converting enzyme inhibitors (ACEIs) and angioten-
sin receptor blockers (ARBs) are all suitable for antihypertensive

treatment, as monotherapy or in different combinations. In the
INVEST study, no difference in CV outcomes was found between the
verapamil plus trandolapril strategy vs. the atenolol plus hydrochloro-
thiazide strategy.42 Some classes may be preferred according to
comorbidities.41

The Heart Outcomes Prevention Trial (HOPE) and the Ongoing
Telmisartan Alone and in Combination With Ramipril Global
Endpoint Trial (ONTARGET) have shown that ACEIs and ARBs sig-
nificantly reduce CV events in patients with PADs.46,47 According to
these trials, ACEIs or ARBs are recommended for secondary preven-
tion, even in patients with chronic limb-threatening ischaemia (CLTI).
In this subgroup of patients, the use of ACEIs or ARBs is associated
with decreased major adverse cardiovascular events (MACEs) and
mortality without any effect on limb outcomes.48

Importantly, beta-blockers are not contraindicated in patients with
LEAD, as they do not alter walking capacity in patients with mild to
moderate LEAD.49 In an observational study, patients with LEAD and
prior MI and taking beta-blockers had a significant 53% coronary
events risk decrease at 32 months.50 Nevertheless, they should be
carefully prescribed to patients with CLTI.

Recommendations in patients with peripheral arterial
diseases: best medical therapy

Recommendations Classa Levelb

Smoking cessation is recommended in all

patients with PADs.27,28 I B

Healthy diet and physical activity are recom-

mended for all patients with PADs.
I C

Statins are recommended in all patients

with PADs.31,32 I A

In patients with PADs, it is recommended to

reduce LDL-C to < 1.8 mmol/L (70 mg/dL)

or decrease it by >_ 50% if baseline values

are 1.8–3.5 mmol/L (70–135 mg/dL).25

I C

In diabetic patients with PADs, strict glycae-

mic control is recommended.
I C

Antiplatelet therapy is recommended in

patients with symptomatic PADs.51 I C
d

In patients with PADs and hypertension, it is

recommended to control blood pressure

at < 140/90 mmHg.41,42,52

I A

ACEIs or ARBs should be considered as

first-line therapyc in patients with PADs and

hypertension.47,53
IIa B

ACEIs = angiotensin-converting enzyme inhibitors; ARBs = angiotensin-receptor
blockers; LDL-C = low-density lipoprotein cholesterol; PADs = peripheral arte-
rial diseases.
aClass of recommendation.
bLevel of evidence.
cCalcium channel blockers should be proposed in black individuals.
dEvidence is not available for all sites. When evidence is available, recommenda-
tions specific for the vascular site are presented in corresponding sections.
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..hypoglycaemia in the event of inadequate caloric intake. Importantly,
all patients with diabetes should be aware of warning symptoms and
attention should be given to chest discomfort or unusual breathless-
ness during exercise as this may be indicative of CAD.

4.3 Exercise and sports in ageing
4.3.1 Introduction

The elderly are defined as adults aged above 65 years. Similar to the
general population, higher exercise capacity in this age group is also
associated with reduced mortality.179 A physically active lifestyle
maintained through middle and older age translates into better
health180 and longevity.181!185 Commencing a new exercise regimen
among sedentary elderly individuals has shown significant health
improvements180,186 including cognitive capacity.187!190 Moreover,
regular exercise exerts beneficial effects in reducing the risk of devel-
oping CV and metabolic disease through improved control of CV risk
factors,191,192 also preserving cognitive function.187!190 Importantly,
exercise helps to preserve neuromuscular competence,193,194 thus
maintaining balance and coordination, which reduces the risk of
falling.195,196

4.3.2 Risk stratification, inclusion/exclusion criteria

Moderate-intensity exercise is generally safe for older healthy people
and medical consultation before starting or progressing the level of
exercise programme is not usually required.81,197 The general recom-
mendation for exercise implementation for the general population
also applies to healthy elderly people.

Nevertheless, due to potential risks of exercising among the eld-
erly (Table 6), the European Association of Preventive Cardiology
(EAPC) recommends self-assessment by a brief questionnaire81 to
determine the need for advice from health professionals, but this
approach has not been tested prospectively.

Community-dwelling frail or sedentary older adults may have a
slightly increased risk of falls during exercise; however, there is no
evidence of serious adverse outcomes, injury, or CV
events.195,196,198,199 Exercise interventions to improve balance in
those diagnosed with dementia bring numerous benefits without an
increased risk of adverse outcomes.200 Resistance exercise in older
adults is rarely associated with adverse events.201,202 No major risks
have been reported in older individuals performing low- and
moderate-intensity aerobic exercise, and even more intense aerobic
activities are associated with a relatively small risk.203!205 CV events
during intense exercise occur at a rate of around 1 event per 100
years of vigorous activity.206 Risks are highest during the first few
weeks of beginning vigorous exercise; therefore both exercise inten-
sity and duration should be increased gently (for example, every 4
weeks).81,197,207!210 Among older individuals who are well prepared
and accustomed to intense exercise, participation in competitive vig-
orous sports does not confer higher risk compared with younger
adults.38,211

4.3.3 Exercise modalities and recommendations for

exercise and sport in the elderly

The physical exercises for elderly persons should be designed
according to their biological age, exercise experience, functional
capacity, safety, ageing trajectories, comorbidity, lifestyle habits, and
previous experience of exercise.

Elderly people should perform endurance and strength exercise,
and specific exercises for flexibility and balance (Table 7).201,212,213

Endurance exercise exerts beneficial effects on the cardiorespiratory
system and resistance exercise prevents the decrease in muscle mass
and sarcopenia.192 Achieving >150 min/week moderate-intensity
aerobic exercise (i.e. walking or other moderate intensity aerobics-
type activities) is associated with at least 30% lower risk of morbidity,
mortality, disability, frailty, and dementia compared with being inac-
tive.212,214,215 The strength exercises for the major muscle groups
should be performed at least twice a week (8!10 different exercises,
10!15 repetitions).

Accustomed senior athletes should continue performing exercise
and sports activities, without any predetermined age limit.38,211,216

Sports activities for older people according to exercise type and
intensity are reported in Table 8. Annual clinical assessment including
a maximal exercise test (preferably with simultaneous CPET) is rec-
ommended in master athletes performing a high level of sports and
exercise programmes.217

Special considerations for individuals with obesity,
hypertension, dyslipidaemia, or diabetes

Recommendations Classa Levelb

In obese individuals (BMI>_30 kg/m2 or a waist cir-

cumference >80 cm for females or >94 cm for

males) resistance training >_3 times per week, in

addition to moderate or vigorous aerobic exercise

(at least 30 min, 5!7 days per week) is recom-

mended to reduce CVD risk.121

I A

In individuals with well-controlled hypertension,

resistance training >_3 times per week in addition to

moderate or vigorous aerobic exercise (at least 30

min, 5!7 days per week) is recommended to

reduce blood pressure and CVD risk. 132

I A

Among individuals with diabetes mellitus, resistance

training >_3 times per week in addition to moderate

or vigorous aerobic exercise (at least 30 min, 5!7

days per week) is recommended to improve insulin

sensitivity and achieve a better CVD risk

profile.176,178

I A

Among adults with well-controlled hypertension

but high risk and/or target organ damage, high-inten-

sity resistance exercise is not recommended.

III C

In individuals with uncontrolled hypertension

(SBP>160 mmHg) high-intensity exercise is not rec-

ommended until blood pressure has been

controlled.

III C

CVD = cardiovascular disease; SBP = systolic blood pressure.
aClass of recommendation.
bLevel of evidence.
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..hypoglycaemia in the event of inadequate caloric intake. Importantly,
all patients with diabetes should be aware of warning symptoms and
attention should be given to chest discomfort or unusual breathless-
ness during exercise as this may be indicative of CAD.

4.3 Exercise and sports in ageing
4.3.1 Introduction

The elderly are defined as adults aged above 65 years. Similar to the
general population, higher exercise capacity in this age group is also
associated with reduced mortality.179 A physically active lifestyle
maintained through middle and older age translates into better
health180 and longevity.181!185 Commencing a new exercise regimen
among sedentary elderly individuals has shown significant health
improvements180,186 including cognitive capacity.187!190 Moreover,
regular exercise exerts beneficial effects in reducing the risk of devel-
oping CV and metabolic disease through improved control of CV risk
factors,191,192 also preserving cognitive function.187!190 Importantly,
exercise helps to preserve neuromuscular competence,193,194 thus
maintaining balance and coordination, which reduces the risk of
falling.195,196

4.3.2 Risk stratification, inclusion/exclusion criteria

Moderate-intensity exercise is generally safe for older healthy people
and medical consultation before starting or progressing the level of
exercise programme is not usually required.81,197 The general recom-
mendation for exercise implementation for the general population
also applies to healthy elderly people.

Nevertheless, due to potential risks of exercising among the eld-
erly (Table 6), the European Association of Preventive Cardiology
(EAPC) recommends self-assessment by a brief questionnaire81 to
determine the need for advice from health professionals, but this
approach has not been tested prospectively.

Community-dwelling frail or sedentary older adults may have a
slightly increased risk of falls during exercise; however, there is no
evidence of serious adverse outcomes, injury, or CV
events.195,196,198,199 Exercise interventions to improve balance in
those diagnosed with dementia bring numerous benefits without an
increased risk of adverse outcomes.200 Resistance exercise in older
adults is rarely associated with adverse events.201,202 No major risks
have been reported in older individuals performing low- and
moderate-intensity aerobic exercise, and even more intense aerobic
activities are associated with a relatively small risk.203!205 CV events
during intense exercise occur at a rate of around 1 event per 100
years of vigorous activity.206 Risks are highest during the first few
weeks of beginning vigorous exercise; therefore both exercise inten-
sity and duration should be increased gently (for example, every 4
weeks).81,197,207!210 Among older individuals who are well prepared
and accustomed to intense exercise, participation in competitive vig-
orous sports does not confer higher risk compared with younger
adults.38,211

4.3.3 Exercise modalities and recommendations for

exercise and sport in the elderly

The physical exercises for elderly persons should be designed
according to their biological age, exercise experience, functional
capacity, safety, ageing trajectories, comorbidity, lifestyle habits, and
previous experience of exercise.

Elderly people should perform endurance and strength exercise,
and specific exercises for flexibility and balance (Table 7).201,212,213

Endurance exercise exerts beneficial effects on the cardiorespiratory
system and resistance exercise prevents the decrease in muscle mass
and sarcopenia.192 Achieving >150 min/week moderate-intensity
aerobic exercise (i.e. walking or other moderate intensity aerobics-
type activities) is associated with at least 30% lower risk of morbidity,
mortality, disability, frailty, and dementia compared with being inac-
tive.212,214,215 The strength exercises for the major muscle groups
should be performed at least twice a week (8!10 different exercises,
10!15 repetitions).

Accustomed senior athletes should continue performing exercise
and sports activities, without any predetermined age limit.38,211,216

Sports activities for older people according to exercise type and
intensity are reported in Table 8. Annual clinical assessment including
a maximal exercise test (preferably with simultaneous CPET) is rec-
ommended in master athletes performing a high level of sports and
exercise programmes.217

Special considerations for individuals with obesity,
hypertension, dyslipidaemia, or diabetes

Recommendations Classa Levelb

In obese individuals (BMI>_30 kg/m2 or a waist cir-

cumference >80 cm for females or >94 cm for

males) resistance training >_3 times per week, in

addition to moderate or vigorous aerobic exercise

(at least 30 min, 5!7 days per week) is recom-

mended to reduce CVD risk.121

I A

In individuals with well-controlled hypertension,

resistance training >_3 times per week in addition to

moderate or vigorous aerobic exercise (at least 30

min, 5!7 days per week) is recommended to

reduce blood pressure and CVD risk. 132

I A

Among individuals with diabetes mellitus, resistance

training >_3 times per week in addition to moderate

or vigorous aerobic exercise (at least 30 min, 5!7

days per week) is recommended to improve insulin

sensitivity and achieve a better CVD risk

profile.176,178

I A

Among adults with well-controlled hypertension

but high risk and/or target organ damage, high-inten-

sity resistance exercise is not recommended.

III C

In individuals with uncontrolled hypertension

(SBP>160 mmHg) high-intensity exercise is not rec-

ommended until blood pressure has been

controlled.

III C

CVD = cardiovascular disease; SBP = systolic blood pressure.
aClass of recommendation.
bLevel of evidence.
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..hypoglycaemia in the event of inadequate caloric intake. Importantly,
all patients with diabetes should be aware of warning symptoms and
attention should be given to chest discomfort or unusual breathless-
ness during exercise as this may be indicative of CAD.

4.3 Exercise and sports in ageing
4.3.1 Introduction

The elderly are defined as adults aged above 65 years. Similar to the
general population, higher exercise capacity in this age group is also
associated with reduced mortality.179 A physically active lifestyle
maintained through middle and older age translates into better
health180 and longevity.181!185 Commencing a new exercise regimen
among sedentary elderly individuals has shown significant health
improvements180,186 including cognitive capacity.187!190 Moreover,
regular exercise exerts beneficial effects in reducing the risk of devel-
oping CV and metabolic disease through improved control of CV risk
factors,191,192 also preserving cognitive function.187!190 Importantly,
exercise helps to preserve neuromuscular competence,193,194 thus
maintaining balance and coordination, which reduces the risk of
falling.195,196

4.3.2 Risk stratification, inclusion/exclusion criteria

Moderate-intensity exercise is generally safe for older healthy people
and medical consultation before starting or progressing the level of
exercise programme is not usually required.81,197 The general recom-
mendation for exercise implementation for the general population
also applies to healthy elderly people.

Nevertheless, due to potential risks of exercising among the eld-
erly (Table 6), the European Association of Preventive Cardiology
(EAPC) recommends self-assessment by a brief questionnaire81 to
determine the need for advice from health professionals, but this
approach has not been tested prospectively.

Community-dwelling frail or sedentary older adults may have a
slightly increased risk of falls during exercise; however, there is no
evidence of serious adverse outcomes, injury, or CV
events.195,196,198,199 Exercise interventions to improve balance in
those diagnosed with dementia bring numerous benefits without an
increased risk of adverse outcomes.200 Resistance exercise in older
adults is rarely associated with adverse events.201,202 No major risks
have been reported in older individuals performing low- and
moderate-intensity aerobic exercise, and even more intense aerobic
activities are associated with a relatively small risk.203!205 CV events
during intense exercise occur at a rate of around 1 event per 100
years of vigorous activity.206 Risks are highest during the first few
weeks of beginning vigorous exercise; therefore both exercise inten-
sity and duration should be increased gently (for example, every 4
weeks).81,197,207!210 Among older individuals who are well prepared
and accustomed to intense exercise, participation in competitive vig-
orous sports does not confer higher risk compared with younger
adults.38,211

4.3.3 Exercise modalities and recommendations for

exercise and sport in the elderly

The physical exercises for elderly persons should be designed
according to their biological age, exercise experience, functional
capacity, safety, ageing trajectories, comorbidity, lifestyle habits, and
previous experience of exercise.

Elderly people should perform endurance and strength exercise,
and specific exercises for flexibility and balance (Table 7).201,212,213

Endurance exercise exerts beneficial effects on the cardiorespiratory
system and resistance exercise prevents the decrease in muscle mass
and sarcopenia.192 Achieving >150 min/week moderate-intensity
aerobic exercise (i.e. walking or other moderate intensity aerobics-
type activities) is associated with at least 30% lower risk of morbidity,
mortality, disability, frailty, and dementia compared with being inac-
tive.212,214,215 The strength exercises for the major muscle groups
should be performed at least twice a week (8!10 different exercises,
10!15 repetitions).

Accustomed senior athletes should continue performing exercise
and sports activities, without any predetermined age limit.38,211,216

Sports activities for older people according to exercise type and
intensity are reported in Table 8. Annual clinical assessment including
a maximal exercise test (preferably with simultaneous CPET) is rec-
ommended in master athletes performing a high level of sports and
exercise programmes.217

Special considerations for individuals with obesity,
hypertension, dyslipidaemia, or diabetes

Recommendations Classa Levelb

In obese individuals (BMI>_30 kg/m2 or a waist cir-

cumference >80 cm for females or >94 cm for

males) resistance training >_3 times per week, in

addition to moderate or vigorous aerobic exercise

(at least 30 min, 5!7 days per week) is recom-

mended to reduce CVD risk.121

I A

In individuals with well-controlled hypertension,

resistance training >_3 times per week in addition to

moderate or vigorous aerobic exercise (at least 30

min, 5!7 days per week) is recommended to

reduce blood pressure and CVD risk. 132

I A

Among individuals with diabetes mellitus, resistance

training >_3 times per week in addition to moderate

or vigorous aerobic exercise (at least 30 min, 5!7

days per week) is recommended to improve insulin

sensitivity and achieve a better CVD risk

profile.176,178

I A

Among adults with well-controlled hypertension

but high risk and/or target organ damage, high-inten-

sity resistance exercise is not recommended.

III C

In individuals with uncontrolled hypertension

(SBP>160 mmHg) high-intensity exercise is not rec-

ommended until blood pressure has been

controlled.

III C

CVD = cardiovascular disease; SBP = systolic blood pressure.
aClass of recommendation.
bLevel of evidence.
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..Although several non-invasive testing techniques exist, which may
be more appropriate in the detection of microvascular CAD in
women,484 catheterization remains the reference standard for high-
risk NSTE-ACS and guidelines should be followed the same for
both sexes. Specifically, women who present with NSTE-ACS should
be provided with equal access to care, a prompt diagnosis, and treat-
ments at the same rate and intensity as their male counterparts. It
should be noted that women with NSTEMI may receive higher antith-
rombotic medication dosing than appropriate for their weight or renal
function (or both), and this is partly responsible for the higher risk of
in-hospital bleeds and access-related complications after PCI in
women.485 For recommendations regarding the management of
women who are pregnant and have NSTE-ACS, we refer the reader
to the 2018 ESC Guidelines for the management of CVD during
pregnancy.486

9 Long-term management of
non-ST-segment elevation acute
coronary syndrome
9.1 Lifestyle management
(Supplementary Data)
9.1.1 Smoking (Supplementary Data)

9.1.2 Diet and alcohol (Supplementary Data)

9.1.3 Weight management (Supplementary Data)

9.1.3 Physical activity (Supplementary Data)

9.1.4 Cardiac rehabilitation (Supplementary Data)

9.1.5 Psychosocial factors (Supplementary Data)

9.1.6 Environmental factors (Supplementary Data)

9.1.7 Sexual activity (Supplementary Data)

9.1.8 Adherence and sustainability (Supplementary Data)

9.1.9 Influenza vaccination (Supplementary Data)

9.2 Pharmacological management
(Supplementary Data)
9.2.1 Anti-ischaemic drugs

Often, patients do not continue to experience chest pain after
NSTEMI and revascularization. For anti-ischaemic drug management,
please refer to the 2019 ESC CCS Guidelines.231

9.2.1.1 Beta-blockers (Supplementary Data)

9.2.2 Antithrombotic treatments

Duration of antiplatelet treatment and/or anticoagulation are dis-
cussed in section 5.1.4.

9.2.3 Proton pump inhibitors (Supplementary Data)

9.2.4 Statins and other lipid-lowering agents

Dyslipidaemia should be managed, according to lipid guidelines, with
pharmacological and lifestyle intervention.512 Patients with estab-
lished CAD are regarded as being at very high risk for cardiovascular
events, and statin treatment must be considered, irrespective of low-
density lipoprotein cholesterol (LDL-C) levels. The goal of treatment
is to lower LDL-C to <1.4 mmol/L (<55 mg/dL) and to reduce it by
at least 50% if the baseline LDL-C level is 1.8!3.5 mmol/L (70!135
mg/dL). When this level cannot be achieved, the addition of ezeti-
mibe has been demonstrated to decrease cholesterol and cardiovas-
cular events in post-ACS patients, and in patients with diabetes513

with no further impact on mortality.514 In addition to exercise, diet,
and weight control, which should be recommended to all patients,
dietary supplements including phytosterols may lower LDL-C to a
lesser extent, but have not been shown to improve clinical out-
comes.515 They may be considered (Class IIb) as an adjunct to phar-
macological therapy in high- and very high-risk patients who fail to
achieve LDL-C goals on statins and those who cannot be treated
with statins.516 Trials published since 2015 have demonstrated that
proprotein convertase subtilisin kexin 9 (PCSK9) inhibitors

Recommendations for lifestyle managements after non-ST-segment elevation acute coronary syndrome

Recommendations Classa Levelb

Improvement of lifestyle factors in addition to appropriate pharmacological management is recommended in order to reduce all-

cause and cardiovascular mortality and morbidity and improve health-related quality of life.487!497 I A

Cognitive behavioural interventions are recommended to help individuals achieve a healthy lifestyle.498!500 I A

Multidisciplinary exercise-based cardiac rehabilitation is recommended as an effective means for patients with CAD to achieve a

healthy lifestyle and manage risk factors in order to reduce all-cause and cardiovascular mortality and morbidity, and improve health-

related quality of life.487,497,501

I A

Involvement of multidisciplinary healthcare professionals (cardiologists, general practitioners, nurses, dieticians, physiotherapists, psy-

chologists, pharmacists) is recommended in order to reduce all-cause and cardiovascular mortality and morbidity, and improve

health-related quality of life.492,499,502,503

I A

Psychological interventions are recommended to improve symptoms of depression in patients with CAD in order to improve health-

related quality of life.504,505 I B

Annual influenza vaccination is recommended for patients with CAD, especially in the older person, in order to improve morbidity.505!511 I B

CAD = coronary artery disease.
aClass of recommendation.
bLevel of evidence.
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Table 22 Routine therapies in the acute, subacute and long term phase of ST-segment elevation myocardial infarction

Recommendations Class a Level b Ref C

Active smokers with STEMI must receive counselling and be referred to a smoking cessation programme. I B 225

Each hospital participating in the care of STEMI patients must have a smoking cessation protocol. I C -

Exercise-based rehabilitation is recommended. I B 232, 233

Antiplatelet therapy with low dose aspirin (75–100 mg) is indicated indefinitely after STEMI. I A 237

In patients who are intolerant to aspirin, clopidogrel is indicated as an alternative to aspirin. I B 243

DAPT with a combination of aspirin and prasugrel or aspirin and ticagrelor is recommended (over aspirin and
clopidogrel) in patients treated with PCI. I A 109, 110

DAPT with aspirin and an oral ADP receptor antagonist must be continued for up to 12 months after STEMI, with a
strict minimum of: I C

245–247, 
283 • 1 month for patients receiving BMS I C

 • 6 months for patients receiving DES IIb B

In patients with left ventricular thrombus, anticoagulation should be instituted for a minimum of 3 months. IIa B 344–346

In patients with a clear indication for oral anticoagulation (e.g. atrial fibrillation with CHA2DS2-VASc Score ≥2 or 
mechanical valve prosthesis), oral anticoagulation must be implemented in addition to antiplatelet therapy. I C -

If patients require triple antithrombotic therapy, combining DAPT and OAC, e.g. because of stent placement and an
obligatory indication for  OAC, the duration of dual antiplatelet therapy should be minimized to reduce bleeding risk. I C -

In selected patients who receive aspirin and clopidogrel, low-dose rivaroxaban (2.5 mg twice daily) may be considered
if the patient is at low bleeding risk. IIb B 262

DAPT should be used up to 1 year in patients with STEMI who did not receive a stent. IIa C -

Gastric protection with a proton pump inhibitor should be considered for the duration of DAPT therapy in patients at
high risk of bleeding. IIa C 256

Oral treatment with beta-blockers should be considered during hospital stay and continued thereafter in all STEMI
patients without contraindications. IIa B 1, 266

Oral treatment with beta-blockers is indicated in patients with heart failure or LV dysfunction. I A 284–288

Intravenous beta-blockers must be avoided in patients with hypotension or heart failure. III B 266

Intravenous beta-blockers should be considered at the time of presentation in patients without contraindications, with
high blood pressure, tachycardia and no signs of heart failure. IIa B 266

A fasting lipid profile must be obtained in all STEMI patients, as soon as possible after presentation. I C -

It is recommended to initiate or continue high dose statins early after admission in all STEMI patients without
contraindication or history of intolerance, regardless of initial cholesterol values. I A 267

Reassessment of LDL-cholesterol should be considered after 4–6 weeks to ensure that a target value of ≤1.8 mmol/L
(70 mg/dL) has been reached. IIa C 270

Verapamil may be considered for secondary prevention in patients with absolute contraindications to beta-blockers
and no heart failure. IIb B 276

ACE inhibitors are indicated starting within the first 24 h of STEMI in patients with evidence of heart failure, LV
systolic dysfunction, diabetes or an anterior infarct. I A 279

An ARB, preferably valsartan, is an alternative to ACE inhibitors in patients with heart failure or LV systolic dysfunction,
particularly those who are intolerant to ACE inhibitors. I B 280, 281

ACE inhibitors should be considered in all patients in the absence of contraindications. IIa A 289, 290

Aldosterone antagonists, e.g. eplerenone, are indicated in patients with an ejection fraction ≤40% and heart failure or 
diabetes, provided no renal failure or hyperkalaemia. I B 282

ACE ¼ angiotensin-converting enzyme; ACS ¼ acute coronary syndrome; ARB ¼ angiotensin receptor blocker; BMS ¼ bare metal stent; DAPT ¼ dual antiplatelet therapy;
DES ¼ drug-eluting stent; LDL ¼ low-density lipoprotein; LV ¼ left ventricular; STEMI ¼ ST-segment elevation myocardial infarction.
aClass of recommendation.
bLevel of evidence.
cReferences.
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Table 22 Routine therapies in the acute, subacute and long term phase of ST-segment elevation myocardial infarction

Recommendations Class a Level b Ref C

Active smokers with STEMI must receive counselling and be referred to a smoking cessation programme. I B 225

Each hospital participating in the care of STEMI patients must have a smoking cessation protocol. I C -

Exercise-based rehabilitation is recommended. I B 232, 233

Antiplatelet therapy with low dose aspirin (75–100 mg) is indicated indefinitely after STEMI. I A 237

In patients who are intolerant to aspirin, clopidogrel is indicated as an alternative to aspirin. I B 243

DAPT with a combination of aspirin and prasugrel or aspirin and ticagrelor is recommended (over aspirin and
clopidogrel) in patients treated with PCI. I A 109, 110

DAPT with aspirin and an oral ADP receptor antagonist must be continued for up to 12 months after STEMI, with a
strict minimum of: I C

245–247, 
283 • 1 month for patients receiving BMS I C

 • 6 months for patients receiving DES IIb B

In patients with left ventricular thrombus, anticoagulation should be instituted for a minimum of 3 months. IIa B 344–346

In patients with a clear indication for oral anticoagulation (e.g. atrial fibrillation with CHA2DS2-VASc Score ≥2 or 
mechanical valve prosthesis), oral anticoagulation must be implemented in addition to antiplatelet therapy. I C -

If patients require triple antithrombotic therapy, combining DAPT and OAC, e.g. because of stent placement and an
obligatory indication for  OAC, the duration of dual antiplatelet therapy should be minimized to reduce bleeding risk. I C -

In selected patients who receive aspirin and clopidogrel, low-dose rivaroxaban (2.5 mg twice daily) may be considered
if the patient is at low bleeding risk. IIb B 262

DAPT should be used up to 1 year in patients with STEMI who did not receive a stent. IIa C -

Gastric protection with a proton pump inhibitor should be considered for the duration of DAPT therapy in patients at
high risk of bleeding. IIa C 256

Oral treatment with beta-blockers should be considered during hospital stay and continued thereafter in all STEMI
patients without contraindications. IIa B 1, 266

Oral treatment with beta-blockers is indicated in patients with heart failure or LV dysfunction. I A 284–288

Intravenous beta-blockers must be avoided in patients with hypotension or heart failure. III B 266

Intravenous beta-blockers should be considered at the time of presentation in patients without contraindications, with
high blood pressure, tachycardia and no signs of heart failure. IIa B 266

A fasting lipid profile must be obtained in all STEMI patients, as soon as possible after presentation. I C -

It is recommended to initiate or continue high dose statins early after admission in all STEMI patients without
contraindication or history of intolerance, regardless of initial cholesterol values. I A 267

Reassessment of LDL-cholesterol should be considered after 4–6 weeks to ensure that a target value of ≤1.8 mmol/L
(70 mg/dL) has been reached. IIa C 270

Verapamil may be considered for secondary prevention in patients with absolute contraindications to beta-blockers
and no heart failure. IIb B 276

ACE inhibitors are indicated starting within the first 24 h of STEMI in patients with evidence of heart failure, LV
systolic dysfunction, diabetes or an anterior infarct. I A 279

An ARB, preferably valsartan, is an alternative to ACE inhibitors in patients with heart failure or LV systolic dysfunction,
particularly those who are intolerant to ACE inhibitors. I B 280, 281

ACE inhibitors should be considered in all patients in the absence of contraindications. IIa A 289, 290

Aldosterone antagonists, e.g. eplerenone, are indicated in patients with an ejection fraction ≤40% and heart failure or 
diabetes, provided no renal failure or hyperkalaemia. I B 282

ACE ¼ angiotensin-converting enzyme; ACS ¼ acute coronary syndrome; ARB ¼ angiotensin receptor blocker; BMS ¼ bare metal stent; DAPT ¼ dual antiplatelet therapy;
DES ¼ drug-eluting stent; LDL ¼ low-density lipoprotein; LV ¼ left ventricular; STEMI ¼ ST-segment elevation myocardial infarction.
aClass of recommendation.
bLevel of evidence.
cReferences.
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STEMI (2012)

Réadaptation cardiaque

Principales indications



Maladie coronaire Classe Niveau
SCA stabilisé I A
Angor stable I B
Post-angioplastie 
(programmée) I B

Post-pontage coronaire I B

Chirurgie cardiaque Classe Niveau

Chirurgie valvulaire I A

CHiorugie aorte thoracique IIa C

Pré-opératoire IIb C

Insuffisance cardiaque Classe Niveau
IC-FE altérée I A
IC-FE préservée IIb C
Post-CRT (resynchronisation) I B

Post-LVAD (assistance ventriculaire) IIa C

Post-transplantation I B

AOMI Classe Niveau
IPS < 0.9 I A
Claudication artérielle I A
Post-revascularisation I B

Autres Classe Niveau

Post-DAI IIa B

Cardiopathies congénitale IIa C

Haut risque CV I A

Réadaptation cardiaque

Principales indications



Réadaptation cardiaque 
Contre-indications

• SCA	non	stabilisé	
• Insuffisance	cardiaque	décompensée	
• Troubles	du	rythme	ventriculaires	non	contrôlés	
• Thrombus	intra-cardiaque	à	haut	risque	emboligène	
• Epanchement	péricardique	de	moyenne	à	grande	abondance	
• Episode	récent	de	TVP	et/ou	EP	
• Obstacle	à	l’éjection	ventriculaire	gauche	sévère	et/ou	symptomatique	
• HTAP	sévère

Réadaptation cardiaque

contre-indications



• Définition, historique


• Effets bénéfiques de l’activité physique


• Principales indications et contre indication


• Prise en charge type 

• Perspectives



MCO

Épreuve d’effort in
itia

le

Épreuve d’effort fi
nale

Consultation initia
le

Consultation finale

Consultation intermédiaire

Phase 2Phase 1 Phase 3

Hospitalisation Cycle de réadaptation Maintien des acquis 
Suivi cardiologique

Semaine 
1

Semaine 
3

Semaine 
4

Education 

Semaine 
2

Club coeur et santé

La Cordiale

Sport en 
effervescence

Sport, santé, 
bien-être

Réadaptation cardiaque : parcours de l’IC 
au CHU de Reims

Réadaptation cardiaque 
Parcours du patient Réadaptation cardiaque


Prise en charge type : rationnel



Réadaptation cardiaque

Prise en charge type : évaluation initiale (risque évolutif)

Réadaptation cardiaque 
Evaluation initiale

• histoire de la maladie 
• Traitements 
• Statut fonctionnel 
• Examen physique 
• ECG 
• Biologie initiale 
• Epreuve d’effort initiale ± VO2  
• Holter-ECG 
• Echocardiographie 
• …

Réadaptation cardiaque 
Evaluation initiale : risque évolutif en rééducation

Risque Faible Intermédiaire Élevé
Capacité	
fonctionnelle

>	7	METs	

pic	VO2	>	20

5–7	METS	

pic	VO2	14–20

<	5	METs	

pic	VO2	<	14

Ischémie	résiduelle
0 Angor	stable	

ST–	<	2	min	après	135/min

Angor	invalidant	

ST–	>	2	min	après	135/min

FEVG >	50% 35–50% <	35%

Rythme 0	arythmie Lown	I-II Lown	III-IV-V

Évolution

suites	simples décompensation	

cardiaque,	chute	PA	à	

l’effort	ou	augmentation	<	
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dynamique et/ou de type segmentaire 
entraînant des groupes musculaires 
séparément. Ce dernier est classique-
ment prescrit trois fois par semaine selon 
les avis d’experts [11].

Le programme d’entraînement peut 
utiliser également d’autres techniques, 

>>> L’entraînement en résistance peut 
être proposé pour améliorer la force 
musculaire et est probablement utile 
en cas de déconditionnement muscu-
laire important. Ce type d’entraînement 
nécessite une évaluation de la puis-
sance musculaire préalable. Il est sûr 
si on utilise des exercices de résistance 

ner le  pronostic du patient. Certaines 
limitations incitent à modifier parfois 
le traitement (par exemple optimisa-
tion des doses des traitements bêtablo-
quants et/ou vasodilatateurs, réglages 
des stimulateurs cardiaques, etc.). La 
détermination du premier seuil venti-
latoire permet le plus souvent d’ajuster 
la fréquence cardiaque d’entraînement 
(FCE) ; en l’absence de seuil détermi-
nable, l’utilisation d’échelles subjec-
tives de dyspnée (échelle de Borg) 
permet de guider la prescription.

La prescription de l’entraînement 
répond aux mêmes critères qu’une pres-
cription médicamenteuse :
– type d’entraînement : endurance, résis-
tance ou combiné (= choix de la classe 
médicamenteuse) ;
– pour l’entraînement en endurance : 
en continu, interval training ou com-
biné (= choix de la molécule), intensité 
de début (= dosage), durée et fréquence 
de la pratique (= posologie), nombre de 
séances programmées (= durée du trai-
tement).

>>> Dans l’insuffisance cardiaque, 
 l’entraînement en endurance est pri-
vilégié, dans le but d’améliorer les 
capacités aérobies [10]. Celui-ci débute 
par une période d’échauffement (5 
minutes) suivie d’une phase de travail 
(20 à 30 minutes) soit en continu au 
niveau du seuil ventilatoire, soit en dis-
continu (alternant phases anaérobies 
à 80-85 % du pic de VO2 pendant 30 
secondes à 1 minute suivies de phases 
aérobies actives à 30 % d’une durée au 
moins double de la première phase) et 
finalise avec une période de récupéra-
tion (5 à 10 minutes) (fig. 1). L’intensité 
de début correspond souvent à des 
puissances aux alentours de 50 % du 
pic de VO2 ; elles seront ensuite aug-
mentées en fonction de la FCE. Ainsi, 
3 à 6 séances hebdomadaires peuvent 
être proposées. La progression de l’en-
traînement se fait sur la durée puis sur 
la fréquence et enfin sur l’intensité des 
séances (fig. 2).
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dynamique et/ou de type segmentaire 
entraînant des groupes musculaires 
séparément. Ce dernier est classique-
ment prescrit trois fois par semaine selon 
les avis d’experts [11].

Le programme d’entraînement peut 
utiliser également d’autres techniques, 

>>> L’entraînement en résistance peut 
être proposé pour améliorer la force 
musculaire et est probablement utile 
en cas de déconditionnement muscu-
laire important. Ce type d’entraînement 
nécessite une évaluation de la puis-
sance musculaire préalable. Il est sûr 
si on utilise des exercices de résistance 

ner le  pronostic du patient. Certaines 
limitations incitent à modifier parfois 
le traitement (par exemple optimisa-
tion des doses des traitements bêtablo-
quants et/ou vasodilatateurs, réglages 
des stimulateurs cardiaques, etc.). La 
détermination du premier seuil venti-
latoire permet le plus souvent d’ajuster 
la fréquence cardiaque d’entraînement 
(FCE) ; en l’absence de seuil détermi-
nable, l’utilisation d’échelles subjec-
tives de dyspnée (échelle de Borg) 
permet de guider la prescription.

La prescription de l’entraînement 
répond aux mêmes critères qu’une pres-
cription médicamenteuse :
– type d’entraînement : endurance, résis-
tance ou combiné (= choix de la classe 
médicamenteuse) ;
– pour l’entraînement en endurance : 
en continu, interval training ou com-
biné (= choix de la molécule), intensité 
de début (= dosage), durée et fréquence 
de la pratique (= posologie), nombre de 
séances programmées (= durée du trai-
tement).

>>> Dans l’insuffisance cardiaque, 
 l’entraînement en endurance est pri-
vilégié, dans le but d’améliorer les 
capacités aérobies [10]. Celui-ci débute 
par une période d’échauffement (5 
minutes) suivie d’une phase de travail 
(20 à 30 minutes) soit en continu au 
niveau du seuil ventilatoire, soit en dis-
continu (alternant phases anaérobies 
à 80-85 % du pic de VO2 pendant 30 
secondes à 1 minute suivies de phases 
aérobies actives à 30 % d’une durée au 
moins double de la première phase) et 
finalise avec une période de récupéra-
tion (5 à 10 minutes) (fig. 1). L’intensité 
de début correspond souvent à des 
puissances aux alentours de 50 % du 
pic de VO2 ; elles seront ensuite aug-
mentées en fonction de la FCE. Ainsi, 
3 à 6 séances hebdomadaires peuvent 
être proposées. La progression de l’en-
traînement se fait sur la durée puis sur 
la fréquence et enfin sur l’intensité des 
séances (fig. 2).
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dynamique et/ou de type segmentaire 
entraînant des groupes musculaires 
séparément. Ce dernier est classique-
ment prescrit trois fois par semaine selon 
les avis d’experts [11].

Le programme d’entraînement peut 
utiliser également d’autres techniques, 

>>> L’entraînement en résistance peut 
être proposé pour améliorer la force 
musculaire et est probablement utile 
en cas de déconditionnement muscu-
laire important. Ce type d’entraînement 
nécessite une évaluation de la puis-
sance musculaire préalable. Il est sûr 
si on utilise des exercices de résistance 

ner le  pronostic du patient. Certaines 
limitations incitent à modifier parfois 
le traitement (par exemple optimisa-
tion des doses des traitements bêtablo-
quants et/ou vasodilatateurs, réglages 
des stimulateurs cardiaques, etc.). La 
détermination du premier seuil venti-
latoire permet le plus souvent d’ajuster 
la fréquence cardiaque d’entraînement 
(FCE) ; en l’absence de seuil détermi-
nable, l’utilisation d’échelles subjec-
tives de dyspnée (échelle de Borg) 
permet de guider la prescription.

La prescription de l’entraînement 
répond aux mêmes critères qu’une pres-
cription médicamenteuse :
– type d’entraînement : endurance, résis-
tance ou combiné (= choix de la classe 
médicamenteuse) ;
– pour l’entraînement en endurance : 
en continu, interval training ou com-
biné (= choix de la molécule), intensité 
de début (= dosage), durée et fréquence 
de la pratique (= posologie), nombre de 
séances programmées (= durée du trai-
tement).

>>> Dans l’insuffisance cardiaque, 
 l’entraînement en endurance est pri-
vilégié, dans le but d’améliorer les 
capacités aérobies [10]. Celui-ci débute 
par une période d’échauffement (5 
minutes) suivie d’une phase de travail 
(20 à 30 minutes) soit en continu au 
niveau du seuil ventilatoire, soit en dis-
continu (alternant phases anaérobies 
à 80-85 % du pic de VO2 pendant 30 
secondes à 1 minute suivies de phases 
aérobies actives à 30 % d’une durée au 
moins double de la première phase) et 
finalise avec une période de récupéra-
tion (5 à 10 minutes) (fig. 1). L’intensité 
de début correspond souvent à des 
puissances aux alentours de 50 % du 
pic de VO2 ; elles seront ensuite aug-
mentées en fonction de la FCE. Ainsi, 
3 à 6 séances hebdomadaires peuvent 
être proposées. La progression de l’en-
traînement se fait sur la durée puis sur 
la fréquence et enfin sur l’intensité des 
séances (fig. 2).
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dynamique et/ou de type segmentaire 
entraînant des groupes musculaires 
séparément. Ce dernier est classique-
ment prescrit trois fois par semaine selon 
les avis d’experts [11].

Le programme d’entraînement peut 
utiliser également d’autres techniques, 

>>> L’entraînement en résistance peut 
être proposé pour améliorer la force 
musculaire et est probablement utile 
en cas de déconditionnement muscu-
laire important. Ce type d’entraînement 
nécessite une évaluation de la puis-
sance musculaire préalable. Il est sûr 
si on utilise des exercices de résistance 

ner le  pronostic du patient. Certaines 
limitations incitent à modifier parfois 
le traitement (par exemple optimisa-
tion des doses des traitements bêtablo-
quants et/ou vasodilatateurs, réglages 
des stimulateurs cardiaques, etc.). La 
détermination du premier seuil venti-
latoire permet le plus souvent d’ajuster 
la fréquence cardiaque d’entraînement 
(FCE) ; en l’absence de seuil détermi-
nable, l’utilisation d’échelles subjec-
tives de dyspnée (échelle de Borg) 
permet de guider la prescription.

La prescription de l’entraînement 
répond aux mêmes critères qu’une pres-
cription médicamenteuse :
– type d’entraînement : endurance, résis-
tance ou combiné (= choix de la classe 
médicamenteuse) ;
– pour l’entraînement en endurance : 
en continu, interval training ou com-
biné (= choix de la molécule), intensité 
de début (= dosage), durée et fréquence 
de la pratique (= posologie), nombre de 
séances programmées (= durée du trai-
tement).

>>> Dans l’insuffisance cardiaque, 
 l’entraînement en endurance est pri-
vilégié, dans le but d’améliorer les 
capacités aérobies [10]. Celui-ci débute 
par une période d’échauffement (5 
minutes) suivie d’une phase de travail 
(20 à 30 minutes) soit en continu au 
niveau du seuil ventilatoire, soit en dis-
continu (alternant phases anaérobies 
à 80-85 % du pic de VO2 pendant 30 
secondes à 1 minute suivies de phases 
aérobies actives à 30 % d’une durée au 
moins double de la première phase) et 
finalise avec une période de récupéra-
tion (5 à 10 minutes) (fig. 1). L’intensité 
de début correspond souvent à des 
puissances aux alentours de 50 % du 
pic de VO2 ; elles seront ensuite aug-
mentées en fonction de la FCE. Ainsi, 
3 à 6 séances hebdomadaires peuvent 
être proposées. La progression de l’en-
traînement se fait sur la durée puis sur 
la fréquence et enfin sur l’intensité des 
séances (fig. 2).
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dynamique et/ou de type segmentaire 
entraînant des groupes musculaires 
séparément. Ce dernier est classique-
ment prescrit trois fois par semaine selon 
les avis d’experts [11].

Le programme d’entraînement peut 
utiliser également d’autres techniques, 

>>> L’entraînement en résistance peut 
être proposé pour améliorer la force 
musculaire et est probablement utile 
en cas de déconditionnement muscu-
laire important. Ce type d’entraînement 
nécessite une évaluation de la puis-
sance musculaire préalable. Il est sûr 
si on utilise des exercices de résistance 

ner le  pronostic du patient. Certaines 
limitations incitent à modifier parfois 
le traitement (par exemple optimisa-
tion des doses des traitements bêtablo-
quants et/ou vasodilatateurs, réglages 
des stimulateurs cardiaques, etc.). La 
détermination du premier seuil venti-
latoire permet le plus souvent d’ajuster 
la fréquence cardiaque d’entraînement 
(FCE) ; en l’absence de seuil détermi-
nable, l’utilisation d’échelles subjec-
tives de dyspnée (échelle de Borg) 
permet de guider la prescription.

La prescription de l’entraînement 
répond aux mêmes critères qu’une pres-
cription médicamenteuse :
– type d’entraînement : endurance, résis-
tance ou combiné (= choix de la classe 
médicamenteuse) ;
– pour l’entraînement en endurance : 
en continu, interval training ou com-
biné (= choix de la molécule), intensité 
de début (= dosage), durée et fréquence 
de la pratique (= posologie), nombre de 
séances programmées (= durée du trai-
tement).

>>> Dans l’insuffisance cardiaque, 
 l’entraînement en endurance est pri-
vilégié, dans le but d’améliorer les 
capacités aérobies [10]. Celui-ci débute 
par une période d’échauffement (5 
minutes) suivie d’une phase de travail 
(20 à 30 minutes) soit en continu au 
niveau du seuil ventilatoire, soit en dis-
continu (alternant phases anaérobies 
à 80-85 % du pic de VO2 pendant 30 
secondes à 1 minute suivies de phases 
aérobies actives à 30 % d’une durée au 
moins double de la première phase) et 
finalise avec une période de récupéra-
tion (5 à 10 minutes) (fig. 1). L’intensité 
de début correspond souvent à des 
puissances aux alentours de 50 % du 
pic de VO2 ; elles seront ensuite aug-
mentées en fonction de la FCE. Ainsi, 
3 à 6 séances hebdomadaires peuvent 
être proposées. La progression de l’en-
traînement se fait sur la durée puis sur 
la fréquence et enfin sur l’intensité des 
séances (fig. 2).
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dynamique et/ou de type segmentaire 
entraînant des groupes musculaires 
séparément. Ce dernier est classique-
ment prescrit trois fois par semaine selon 
les avis d’experts [11].

Le programme d’entraînement peut 
utiliser également d’autres techniques, 
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être proposé pour améliorer la force 
musculaire et est probablement utile 
en cas de déconditionnement muscu-
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nécessite une évaluation de la puis-
sance musculaire préalable. Il est sûr 
si on utilise des exercices de résistance 

ner le  pronostic du patient. Certaines 
limitations incitent à modifier parfois 
le traitement (par exemple optimisa-
tion des doses des traitements bêtablo-
quants et/ou vasodilatateurs, réglages 
des stimulateurs cardiaques, etc.). La 
détermination du premier seuil venti-
latoire permet le plus souvent d’ajuster 
la fréquence cardiaque d’entraînement 
(FCE) ; en l’absence de seuil détermi-
nable, l’utilisation d’échelles subjec-
tives de dyspnée (échelle de Borg) 
permet de guider la prescription.

La prescription de l’entraînement 
répond aux mêmes critères qu’une pres-
cription médicamenteuse :
– type d’entraînement : endurance, résis-
tance ou combiné (= choix de la classe 
médicamenteuse) ;
– pour l’entraînement en endurance : 
en continu, interval training ou com-
biné (= choix de la molécule), intensité 
de début (= dosage), durée et fréquence 
de la pratique (= posologie), nombre de 
séances programmées (= durée du trai-
tement).

>>> Dans l’insuffisance cardiaque, 
 l’entraînement en endurance est pri-
vilégié, dans le but d’améliorer les 
capacités aérobies [10]. Celui-ci débute 
par une période d’échauffement (5 
minutes) suivie d’une phase de travail 
(20 à 30 minutes) soit en continu au 
niveau du seuil ventilatoire, soit en dis-
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à 80-85 % du pic de VO2 pendant 30 
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aérobies actives à 30 % d’une durée au 
moins double de la première phase) et 
finalise avec une période de récupéra-
tion (5 à 10 minutes) (fig. 1). L’intensité 
de début correspond souvent à des 
puissances aux alentours de 50 % du 
pic de VO2 ; elles seront ensuite aug-
mentées en fonction de la FCE. Ainsi, 
3 à 6 séances hebdomadaires peuvent 
être proposées. La progression de l’en-
traînement se fait sur la durée puis sur 
la fréquence et enfin sur l’intensité des 
séances (fig. 2).
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fractionné

Fréquence d’entrainement (FCE) : 

• Déterminée par le VO2 d’effort :               FCE = FC au SV1 (1er seuil ventilatoire)

• Déterminée par la formule du Karnoven : FCE = FC repos + 0,6 x (FC max-FC repos)

Résistance

• Renforcement musculaire

• 30 min x3 – 5 /sem

• 3 séries de 10–15 répétitions

• Global, bras, jambes

Stade Intensité Répétitions Fréquence
Initial < 30% 5–10 2-3 gpe/sem ; 1–3 séries/gpe

I 30–50% 10–15 2-3 gpe/sem ; 1–3 séries/gpe
II 40–60% 10–15 2-3 gpe/sem ; 1–3 séries/gpe
III 60–80% 8–10 2-3 gpe/sem ; 1–3 séries/gpe
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Table 2. Implementation of dynamic strength training in patients with cardiovascular disease

Stage Aim Intensity
Repetitions per
muscle group Training frequency

Initial (pre-training) Implementation of exercise; improve-
ment of self-perception and coordina-
tion; learning to correctly perform
exercise

<30% 1-RM RPE "11 5–10 2–3 training units per week, 1–3 sets each unit

Improvement stage I Improvement of aerobic endurance and
coordination

30–50% 1-RM 10–15 2–3 training units per week; 1–3 sets each unit

Improvement stage II Increase muscle mass; improvement of
coordination

40–60% 1-RM (>60% in selected
patients)

10–15 2–3 training units per week; 1–3 sets each unit

Improvement stage III Increase in muscle strength 60–80% 1-RM (in selected
patients in good clinical condi-
tion and with heavy physical
employment or those returning
to sport)

8–10 2–3 training units per week; 1–3 sets each unit

General recommendations: if possible training should include all muscle groups. Training should change between agonist and antagonist muscle groups. Between training of each muscle group, there should
be a pause of more than 1 minute; 1-RM, one repetition maximum; RPE, rate of perceived exertion; Information modified according to Bjarnason-Wehrens et al.121 and Williams et al.122
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sity! duration) of exercise – are the most effective. The present paper, therefore, will deal with these exercise char-
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patients with cardiovascular disease. This paper is the third in a series of three papers, all devoted to the same theme: the
importance of the exercise characteristics in the management of cardiovascular health. Part I is directed to the general
population and Part II to individuals with cardiovascular risk factors. In general, PA recommendations and exercise
training programmes for patients with coronary artery disease or chronic heart failure need to be tailored to the
individual’s exercise capacity and risk profile, with the aim to reach and maintain the individually highest fitness level
possible and to perform endurance exercise training 30–60 min daily (3–5 days per week) in combination with resistance
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Table 2. Implementation of dynamic strength training in patients with cardiovascular disease

Stage Aim Intensity
Repetitions per
muscle group Training frequency

Initial (pre-training) Implementation of exercise; improve-
ment of self-perception and coordina-
tion; learning to correctly perform
exercise

<30% 1-RM RPE "11 5–10 2–3 training units per week, 1–3 sets each unit

Improvement stage I Improvement of aerobic endurance and
coordination

30–50% 1-RM 10–15 2–3 training units per week; 1–3 sets each unit

Improvement stage II Increase muscle mass; improvement of
coordination

40–60% 1-RM (>60% in selected
patients)

10–15 2–3 training units per week; 1–3 sets each unit

Improvement stage III Increase in muscle strength 60–80% 1-RM (in selected
patients in good clinical condi-
tion and with heavy physical
employment or those returning
to sport)

8–10 2–3 training units per week; 1–3 sets each unit

General recommendations: if possible training should include all muscle groups. Training should change between agonist and antagonist muscle groups. Between training of each muscle group, there should
be a pause of more than 1 minute; 1-RM, one repetition maximum; RPE, rate of perceived exertion; Information modified according to Bjarnason-Wehrens et al.121 and Williams et al.122
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acteristics in the management of individuals with cardiovascular disease, i.e. coronary artery disease and chronic heart
failure patients, but also in patients with congenital or valvular heart disease. Based on the current literature, and if
sufficient evidence is available, recommendations from the European Association on Cardiovascular Prevention and
Rehabilitation are formulated regarding frequency, intensity, time and type of PA, and safety aspects during exercise in
patients with cardiovascular disease. This paper is the third in a series of three papers, all devoted to the same theme: the
importance of the exercise characteristics in the management of cardiovascular health. Part I is directed to the general
population and Part II to individuals with cardiovascular risk factors. In general, PA recommendations and exercise
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Réadaptation cardiaque

Prise en charge type : triptyque (éducation)
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• Programme : coronarien, insuffisant cardiaque, anti-
coagulants…

Réadaptation cardiaque 
3ème axe : éducation thérapeutique

• Insuffisance cardiaque (médecin) 

• Auto-surveillance et signes d’alerte (IDE) 

• Médicaments : IEC et b- (IDE) 

• Alimentation cardio-protectrice (diététicienne) 

• Activité physique adaptée (éducateur) 

• Gestion du stress (IDE) 

• Yoga-thérapie (médecin)

Exemple de séance : atelier éducatif (60 min)
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Prise en charge type : exemple
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Réadaptation cardiaque

Coronarien : spécificités

Béta-bloquant

Aspirine

Statines

IEC

Correction des FDR

À l’effort

Cardiovascular disease : 
disease of all the vessels

Stroke

Heart attack

Pulmonary  
embolism

Peripheral  
artery disease

atherosclerosis : 

 natural aging process

Coronarien traité

Coronaropathie : mécanisme de l’angor 
Balance entre les besoins (du coeur) et les apports (coronaires) en oxygène

Cardiovascular disease : 
disease of all the vessels

Stroke

Heart attack

Pulmonary  
embolism

Peripheral  
artery disease

atherosclerosis : 

 natural aging process

À l’effort

Coronarien non traité

Coronaropathie : mécanisme de l’angor 
Balance entre les besoins (du coeur) et les apports (coronaires) en oxygène

Cardiovascular disease : 
disease of all the vessels

Stroke

Heart attack

Pulmonary  
embolism

Peripheral  
artery disease

atherosclerosis : 

 natural aging process

Sujet sain

À l’effort

Coronaropathie : mécanisme de l’angor 
Balance entre les besoins (du coeur) et les apports (coronaires) en oxygène

Coronaropathie : mécanisme de l’angor 
Balance entre les besoins (du coeur) et les apports (coronaires) en oxygène

Cardiovascular disease : 
disease of all the vessels

Stroke

Heart attack

Pulmonary  
embolism

Peripheral  
artery disease

atherosclerosis : 

 natural aging process

Cardiovascular disease : 
disease of all the vessels

Stroke

Heart attack

Pulmonary  
embolism

Peripheral  
artery disease

atherosclerosis : 

 natural aging process

Au repos

Sujet sain Coronarien
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Coronarien : spécificités

QUAND  
réaliser l’épreuve d’effort ?

QUELLE  
FRÉQUENCE  ?

QUELLE  
PRESSION  ?

QUEL  
ESSOUFFLEMENT ?

*FCE = FC repos + (FCmax–FCrepos)*0,6/0,8 (sans/avec ßB)

48h après standing 
5-7 jours après infarctus

SV1 (VO2) ou KARVONEN* (EE) 
< 10 bpm du seuil angineux 

< 20 bpm du seuil thérapie (DAI)
PAS < 160 mmHg  

post-dissection aortique
BORG 12–14 (sur 20) 

EVA 4–6 (sur 10)

« Être essoufflé mais capable de parler »



Réadaptation cardiaque

Insuffisant cardiaque : spécificités

Insuffisance cardiaque 
Définition et cascade neuro-hormonale

Incapacité du coeur à assurer une perfusion suffisante des organes 

activation précoce  
des systèmes neuro-hormonaux

Tachycardie 
Vasoconstriction

rétention hydro-sodée

but  = maintenir une pression artérielle systémique
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Insuffisant cardiaque : stimulation neuro-hormonale
Insuffisance cardiaque 

Le système rénine-angiotensine-aldostérone

Inhibiteurs de la rénine…

Inhibiteurs de l’enzyme de conversion (IEC)

Antagonistes des récepteurs de 
l’angiotensine II (ARA2)

Antagonistes des récepteurs de 
l’aldostérone  (MRA)

RETENTION DE SELVASOCONSTRICTION

Insuffisance cardiaque 
Stimulation sympathique >> parasympathique

TACHYCARDIE

Système rénine-angiotensine-aldostéronse (SRAA) Système nerveux autonome



Réadaptation cardiaque

Insuffisant cardiaque : stimulation neuro-hormonale

Insuffisance cardiaque 

Tentative de contre-régulation cardiaque : synthèse des peptides natriurétiques (BNP)

L’augmentation des pressions dans le coeur provoque un étirement des myocytes… 
…qui vont libérer une hormone dans le sang : le BNP… 

ce BNP a des effets natriurétiques, diurétique, vasodilatateurs et anti-rénine



Réadaptation cardiaque

Insuffisant cardiaque : importance de l’optimisation thérapeutiqueInsuffisance cardiaque 

Algorithme thérapeutique (ESC 2021) : IPA
Management of patients with HFrEF

LVEF ≤35% and
QRS <130 ms and
where appropriate

(Class I)

SR and
LVEF ≤35% and
QRS ≥130 ms

If symptoms persist, consider therapies
with Class II recommendations

LVEF >35% or device
therapy not indicated

or inappropriate

ACE-I/ARNIa

Beta-blocker
MRA
Dapagliflozin/Empagliflozin
Loop diuretic for fluid retention

Ischaemic
(Class I)

Non-ischaemic
(Class IIa)

ICD
QRS ≥150 ms

(Class I)
QRS 130–149 ms

(Class IIa)

CRT-Db/-P

Figure 2 Therapeutic algorithm of Class I Therapy Indications for a patient with heart failure with reduced ejection fraction. ACE-I = angiotensin-con-
verting enzyme inhibitor; ARNI = angiotensin receptor-neprilysin inhibitor; CRT-D =cardiac resynchronization therapy with defibrillator; CRT-P = cardiac
resynchronization therapy pacemaker; ICD= implantable cardioverter-defibrillator; HFrEF= heart failure with reduced ejection fraction; MRA = mineralo-
corticoid receptor antagonist; QRS = Q, R, and S waves of an ECG; SR = sinus rhythm. aAs a replacement for ACE-I. bWhere appropriate. Class I = green.
Class IIa = Yellow.

Pharmacological treatments indicated in patients with (NYHA class II–IV) heart failure with reduced ejection fraction
(LVEF <_40%)

Recommendations Classa Levelb

An ACE-I is recommended for patients with HFrEF to reduce the risk of HF

hospitalization and death.110!113 I A

A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of

HF hospitalization and death.114!120 I A

An MRA is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death.121,122 I A

Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk

of HF hospitalization and death.108,109 I A

Sacubitril/valsartan is recommended as a replacement for an ACE-I in patients with HFrEF to reduce the risk of HF

hospitalization and death.105 I B

ACE-I = angiotensin-converting enzyme inhibitor; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; LVEF = left ventricular ejection fraction; MRA = miner-
alocorticoid receptor antagonist; NYHA = New York Heart Association.
aClass of recommendation.
bLevel of evidence.

ES
C

 2
02

1

5.3 Drugs recommended in all patients with heart failure with reduced ejection
fraction

3620 ESC Guidelines

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/42/36/3599/6358045 by guest on 21 O

ctober 2022

IPA 
Optimiser les 4 fantastiques

FE < 50%
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Insuffisant cardiaque : importance de l’optimisation thérapeutique
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Insuffisant cardiaque : importance de l’optimisation thérapeutique

Suivi au long cours 
Clinique

Poids

Fréquence cardiaque  
(ECG)

Pression artérielle

Congestion  
(crépitants, OMI, TJ)

> 60/min : ↑ B-bloquant ± ivabradine 
< 60/min : cible atteinte mais ↑ B-bloquant si toléré 
< 50/min : ↓ b-bloquant ou arrêt ivabradine

oui  : ↑ diurétique transitoirement, puis ↑ IEC/BB/MRA 
non : ↓ diurétique et ↑ IEC/BB/MRA

stable  :  voir pour ↑ IEC/BB/MRA 
 : ↓ diurétique et↑ IEC/BB/MRA 
perte : dépister dénutrition, penser IC terminale

Éducation :  
auto-surveillance (poids, PA, FC)  

signes d’alerte (EPOF)

PAS > 100 mmHg : ↑ IEC 
PAS < 100 mmHg : ↓ diurétique et ↑ IEC 
Hypotension asymptomatique : IEC inchangé



Réadaptation cardiaque

Insuffisant cardiaque : gestion de la PA basse

• Cautela J et al. Management of low blood pressure in ambulatory heart failure with reduced ejection fraction patients. Eur J Heart Fail. 2020

• Nicolas Girerd et al. J Am Coll Cardiol 2021; 78:1349-1351.



Réadaptation cardiaque

Insuffisant cardiaque : gestion de la PA basse

• Cautela J et al. Management of low 
blood pressure in ambulatory heart 
failure with reduced ejection fraction 
patients. Eur J Heart Fail. 2020


• Nicolas Girerd et al. J Am Coll Cardiol 
2021; 78:1349-1351.



Réadaptation cardiaque

Greffé cardiaque : spécificités

• Indication marginale en réadaptation (1-2%)


• VO2 d’un greffé : ~60% th


• Greffe cardiaque seule : pas d’amélioration significatives de la capacité 
fonctionnelle


• 3 phases : 


• Critique (<M1) :


• post-op précoce (M1-M3) 


• post-op tardif (M6-M12)



Réadaptation cardiaque

Greffé cardiaque : spécificités

Modalités Objectifs

< M1 Chirurgie cardiaque
Ré-autonomisation

Kiné respiratoire, assouplissement

Reprise d’une mobilisation active (marche, vélo, escaliers)

M1—M3
Réadaptation cardiaque 

(Hospitalisation complète)

3–4 sem

Biopsies cardiaques hebdomadaires puis bi-mensuelles (péricarde+++)

Entrainement doux (vélo sans/avec faible charge) ; pas de piscine

Éducation thérapeutique (gestion des anti-rejets)


M3–M6
Réadaptation cardiaque 
(Hospitalisation partielle)


3–4 sem

VO2

Renforcement musculaire et endurance aérobie

Évaluation socio-professionnelle

•Effort : retard à la tachycardie par dénervation (s’atténue partiellement)

•Télémétrie lors des premières séances

• Infection/rejet : arrêt du ré-entrainement



Réadaptation cardiaque

Hypertension pulmonaire : effets bénéfiques

end-diastolic pressure [74, 90] and reduction of interstitial volume (−60%, p<0.05) [74]. There are no
histological data available on human PAH vessels. The precise molecular impact of exercise training on
right ventricular function remains unclear. In PH rats, exercise training improved right ventricular
function assessed by echocardiography (tricuspid annular plane maximal systolic velocity, tricuspid
annular plane systolic excursion) and invasive haemodynamics (end-diastolic and end-systolic pressure–
volume relationship) [91]. These functional changes were associated with an anti-inflammatory,
antifibrotic and antiapoptotic effect [91]. In addition, a reduced oxidative stress and improved
neurohumoral markers (lower N-terminal pro-brain natriuretic peptide (NT-proBNP) and endothelin-1
myocardial expression) were described in the right ventricle of trained PH animals. In contrast, in only
one out of six studies a significant improvement of plasma NT-proBNP levels [17] was described in
patients undergoing exercise training (table 7). One study in patients with congenital heart
disease-associated pulmonary arterial hypertension even showed a significant increase of NT-proBNP after
the training intervention [16].

In a contrast-enhanced magnetic resonance imaging based study, a significant increase of lung perfusion
in 20 patients with PAH and CTEPH could be detected after exercise training [25]. Although the training
was only short (3 weeks duration), patients showed a significant improvement of mean flow velocity and
perfusion (mean pulmonary blood volume) of the lung (figure 2). This result might be evoked by a
modulating effect on pulmonary vascular remodelling. Consistently, exercise training prevented skeletal
muscle wasting and modulated muscle proteolysis pathways (Akt, mammalian target of rapamycin) in PH
animal models.

Exercise training was able to improve hypoxia-induced pulmonary vascular remodelling in mice to the
same extent as sildenafil treatment [92]. However, the underlying pathobiological mechanisms are
indistinct, as exercise training did not change the targeted pathways for medication treatment including
nitric oxide/phosphodiesterase-5/soluble guanylate cyclase pathways.

Despite the remarkable advances recently made in understanding the pathobiology of PAH, the
mechanistic understanding of the functional improvement of PAH patients undergoing exercise training is
still limited. A combined effect on different molecular pathways and organs is likely to be the
pathophysiological underpinning of the improvement associated with exercise training in PH. Further

Molecular

↓ Inflammation
↓ Fibrosis
↓ Apoptosis
↓ Smooth muscle 
    cell proliferation

Skeletal muscle

↑ Strength
↑ Endurance
↑ Capillarisation
↑ Oxidative capacity

Haemodynamics and RV 
function

↑ Cardiac index
↑ RV capillary density
↑ TAPSE

Lung and
respiratory muscles

↑ Inspiratory strength
↑ Pulmonary blood
    flow/perfusion and
    volume

Exercise training

 ↑ peak V'O2    ↑ 6MWD
Quality of life

FIGURE 2 Main physiological effects of exercise training. Exercise training in pulmonary hypertension acts
upon heart function and skeletal and respiratory muscles, on a macroscopic as well as molecular level.
Inflammation and cell proliferation are reduced. 6MWD: 6-min walk distance; peak V′O2: peak oxygen uptake;
RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion.
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In order to obtain a good safety profile, thorough patient selection and monitoring as well as highly
specialised personnel are obligatory. An in-hospital beginning may further help to obtain a safe training
environment and careful supervision. The cost-effectiveness of specialised training programmes still needs
further investigation, as only one study with a prospective intervention and retrospective control group has
demonstrated lower healthcare costs following exercise rehabilitation (with in-hospital start), compared to
sole medication treatment [30].

In summary, the evidence shows that careful patient selection, appropriate setting, well-prepared
multidisciplinary teams from PH and rehabilitation specialists, individualised and flexible exercise training
protocols and close monitoring are very important in order to provide a good safety profile in patients
with PH. Using the right setting, exercise training has shown to be a safe and effective treatment,
especially when applied in patients on adequate medical therapy. Therefore, participation in unspecialised
training programmes or unsupervised settings, e.g. home training is dissuaded. Strenuous exercise should
still remain contraindicated in patients with PH [1].

Part III: implementation of exercise training
Participant selection, compliance and motivation
The process of successful patient participation in a PH-specific exercise therapy programme involves four
key steps (figure 1).

Patient selection
Patients must have confirmed PH in a clinically stable condition, with no PH-specific treatment changes
for 2 months [19].

Additional considerations should be made on an individual patient basis, as follows.

• Age: 18–80 years is the range in which the therapy has been most widely studied.

Pr
ep

ar
at

io
n

Im
pl

em
en

ta
tio

n
Co

nt
in

ua
tio

n

Identification of suitable patients

PH specialist
Patient with invasively confirmed PH

Clinically stable condition

Programme completion

Achieving pre-agreed goals
Incorporating exercise as part of the daily routine

Referral to a PH rehabilitation centre

On-site PH specialists
Experience in rehabilitation of advanced cardiorespiratory conditions

Participant uptake and compliance

Optimise factors that affect motivation and adherence

FIGURE 1 Four key steps for successful patient participation in an exercise training programme. These steps
describe the way the participation of patients with pulmonary hypertension (PH) is enhanced in specialised
programmes. It is not intended as a recommendation. As preparation for the programme, suitable patients
must be identified. The programme is implemented together with a rehabilitation centre enhancing patients’
motivation. After completion of the programme, a continuation of exercises in the daily routine helps to
maintain the training effect.
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Grünig E, Eichstaedt C, Barberà J-A, et al. ERS statement on exercise training and rehabilitatin in patients with severe chronic pulmonary hypertension. Eur Respir J 2019 
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• Définition, historique


• Effets bénéfiques de l’activité physique


• Principales indications et contre indication


• Prise en charge type


• Enjeux/Perspectives



RCVR : prise en charge en réadaptation  
mais… un recrutement à améliorer
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Figure 5

Disparités régionales des taux1 de recours à la réadaptation cardiaque (RC) post-infarctus du myocarde (IDM) selon le sexe 
en 2014, France
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1 Taux pour 100 patients, standardisés sur la structure d’âge de l’ensemble des patients hospitalisés en MCO (Médecine, chirurgie, obstétrique) pour 
IDM au premier semestre 2014.
Note : Dans chaque région, la valeur mentionnée est le taux régional de patients admis en RC dans les six mois suivant une hospitalisation pour IDM 
au cours du premier semestre 2014. Les couleurs correspondent à l’écart entre ce taux régional et le taux national de RC (en %).
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Introduction
La survie après un infarctus du myocarde (IDM) 
est associée à plusieurs facteurs tels que la sévé-
rité de l’évènement 1,2, la prise en charge lors de la 
phase aiguë avec l’utilisation précoce des stratégies 
thérapeutiques invasives 3 et la prise en charge post- 
hospitalière, dont la réadaptation cardiaque (RC) 4. 
Cette dernière, réalisée dans les services de soins 
de suite et de réadaptation agréés (SSR), permet le 
maintien d’une prévention secondaire ef!cace à la 
sortie de l’hôpital et ainsi une réduction du risque 
de récidive d’infarctus et de décès, et contribue à 
une meilleure qualité de vie sur le long terme 5,6. Une 
récente méta-analyse a mis en évidence une dimi-
nution du risque de mortalité cardiovasculaire à 
1 an (risque relatif, RR=0,74, intervalle de con!ance 
à 95%  :  [0,64-0,86]) et d’hospitalisations (RR=0,82 
[0,70-0,96]) chez des patients atteints de cardiopa-
thies ischémiques ayant suivi un programme de RC 
comparés à ceux n’ayant pas béné!cié d’une RC 5.

En France, l’organisation des SSR a été précisée 
en  2008 par deux décrets et une circulaire, avec 
la création d’une structure unique associant les 
soins de suite et la réadaptation, ceci a!n d’amé-
liorer la qualité et le développement de l’offre de 
soins SSR dans l’ensemble des territoires de santé 7. 
La RC a fait l’objet de recommandations par les 
sociétés savantes françaises, européennes et outre- 
Atlantique 4,6,8  : elle doit être prescrite pour tous 
les patients hospitalisés pour IDM. Depuis 2012, la 
RC est ainsi inscrite comme indicateur de pratique 
clinique 9. Selon l’étude européenne EUROASPIRE 
IV, 50,7% des patients coronariens étaient envoyés 
en RC en 2012 10. En France, en 2011, un tiers des 
patients étaient admis en SSR après un IDM, et près 
d’un quart des patients en RC 11. Des inégalités de 
prise en charge en SSR et/ou RC étaient également 
observées, avec un taux d’admission moindre pour 
les femmes et les patients âgés. De plus, de fortes 
disparités régionales étaient relevées, avec des taux 
d’admission en RC allant de 10,8% (Champagne-
Ardenne) à 38,8% (Alsace).

Au vu des recommandations en faveur du dévelop-
pement de la place de la RC dans la prise en charge 
post-hospitalière de l’IDM et du béné!ce de la RC 
sur le pronostic, les objectifs de notre étude étaient 
de décrire les taux de recours nationaux et régionaux 
aux SSR, et particulièrement en RC, et d’étudier les 
évolutions temporelles et spatiales de la prise en 
charge en RC dans les six mois suivant la sortie de 
l’hospitalisation initiale pour IDM entre 2010 et 2014 
en France.

Méthodes

Sélection des patients hospitalisés pour IDM

Les patients hospitalisés avec un diagnostic prin-
cipal d’IDM au cours du premier semestre des 
années 2010 à 2014 ont été sélectionnés dans les 
bases de données du Programme de médicalisation 
des systèmes d’information – Médecine, chirurgie, 

obstétrique (PMSI-MCO). L’IDM était dé!ni par 
l’ensemble des codes CIM-10 (Classi!cation inter-
nationale des maladies – 10e  révision) suivants  : 
I21, I22 et I23. Les séjours sans nuitée dont l’issue 
était un retour à domicile (hospitalisation de jour) 
et les séjours de moins de deux jours se termi-
nant par un transfert dans un autre établissement 
ou une mutation vers une autre unité médicale du 
même établissement ont été exclus. Si un patient 
présentait plusieurs séjours pour IDM au cours du 
premier semestre de l’année, seul le premier séjour 
était conservé comme hospitalisation index. Ont 
été exclus les patients mineurs, ceux domiciliés à 
Mayotte, en Guyane ou à l’étranger, les personnes 
décédées pendant l’hospitalisation index et/ou 
celles dont les séjours codés présentaient une 
anomalie empêchant le chaînage de l’ensemble des 
séjours. L’index de comorbidités de Charlson a été 
calculé à partir des diagnostics associés relevés 
dans le résumé d’hospitalisation 12.

Sélection des séjours SSR

Pour chaque année et chaque patient hospitalisé pour 
IDM, la présence d’un séjour SSR débutant dans les 
six mois suivant la !n du séjour en MCO a été recher-
chée dans les bases annuelles du PMSI-SSR. Selon 
la !nalité principale de prise en charge de la première 
semaine du séjour en SSR, les patients ont été répartis 
en deux groupes : « réadaptation cardiaque » (code 
CIM-10 Z50.0) et « autre !nalité » (code Z50.1 « Autres 
thérapies physiques », Z51.88 « Autres formes préci-
sées de soins médicaux, non classées ailleurs  », 
Z54  «  Convalescence  », etc.). Cette variable a été 
préférée au « type d’autorisation » de l’unité médicale 
dans laquelle le patient était hospitalisé, disponible 
depuis 2012 dans le PMSI-SSR, a!n de conserver 
le motif réel de la prise en charge quel que soit le 
type d’unité où elle est réalisée. Par ailleurs, ont été 
recueillis le délai entre le dernier jour de l’hospitali-
sation index et le premier jour de l’admission en SSR 
ainsi que la durée du séjour en SSR.

Les patients ayant des séjours comportant des 
erreurs de chaînage ou avec des données sociodé-
mographiques (sexe, région de domicile, âge) incom-
patibles entre les différents séjours MCO et/ou SSR 
ont été exclus des analyses.

Analyses statistiques

Les comparaisons ont été réalisées par le test de 
Student ou de Mann-Withney Wilcoxon pour les 
variables continues et par le test du Chi2 ou de 
Fisher pour les variables qualitatives. Les taux natio-
naux et régionaux standardisés sur l’âge des patients 
admis en SSR (RC ou autre !nalité) ont été calculés 
en prenant la structure d’âge de la population natio-
nale de patients hospitalisés pour IDM au premier 
semestre 2014 comme population de référence. 
L’écart entre le taux standardisé régional et le taux 
standardisé national a été calculé en pourcentage 
de variation.

L’évolution des caractéristiques des patients 
admis en SSR a été testée par régression linéaire 
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Figure 5

Disparités régionales des taux1 de recours à la réadaptation cardiaque (RC) post-infarctus du myocarde (IDM) selon le sexe 
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Introduction
La survie après un infarctus du myocarde (IDM) 
est associée à plusieurs facteurs tels que la sévé-
rité de l’évènement 1,2, la prise en charge lors de la 
phase aiguë avec l’utilisation précoce des stratégies 
thérapeutiques invasives 3 et la prise en charge post- 
hospitalière, dont la réadaptation cardiaque (RC) 4. 
Cette dernière, réalisée dans les services de soins 
de suite et de réadaptation agréés (SSR), permet le 
maintien d’une prévention secondaire ef!cace à la 
sortie de l’hôpital et ainsi une réduction du risque 
de récidive d’infarctus et de décès, et contribue à 
une meilleure qualité de vie sur le long terme 5,6. Une 
récente méta-analyse a mis en évidence une dimi-
nution du risque de mortalité cardiovasculaire à 
1 an (risque relatif, RR=0,74, intervalle de con!ance 
à 95%  :  [0,64-0,86]) et d’hospitalisations (RR=0,82 
[0,70-0,96]) chez des patients atteints de cardiopa-
thies ischémiques ayant suivi un programme de RC 
comparés à ceux n’ayant pas béné!cié d’une RC 5.

En France, l’organisation des SSR a été précisée 
en  2008 par deux décrets et une circulaire, avec 
la création d’une structure unique associant les 
soins de suite et la réadaptation, ceci a!n d’amé-
liorer la qualité et le développement de l’offre de 
soins SSR dans l’ensemble des territoires de santé 7. 
La RC a fait l’objet de recommandations par les 
sociétés savantes françaises, européennes et outre- 
Atlantique 4,6,8  : elle doit être prescrite pour tous 
les patients hospitalisés pour IDM. Depuis 2012, la 
RC est ainsi inscrite comme indicateur de pratique 
clinique 9. Selon l’étude européenne EUROASPIRE 
IV, 50,7% des patients coronariens étaient envoyés 
en RC en 2012 10. En France, en 2011, un tiers des 
patients étaient admis en SSR après un IDM, et près 
d’un quart des patients en RC 11. Des inégalités de 
prise en charge en SSR et/ou RC étaient également 
observées, avec un taux d’admission moindre pour 
les femmes et les patients âgés. De plus, de fortes 
disparités régionales étaient relevées, avec des taux 
d’admission en RC allant de 10,8% (Champagne-
Ardenne) à 38,8% (Alsace).

Au vu des recommandations en faveur du dévelop-
pement de la place de la RC dans la prise en charge 
post-hospitalière de l’IDM et du béné!ce de la RC 
sur le pronostic, les objectifs de notre étude étaient 
de décrire les taux de recours nationaux et régionaux 
aux SSR, et particulièrement en RC, et d’étudier les 
évolutions temporelles et spatiales de la prise en 
charge en RC dans les six mois suivant la sortie de 
l’hospitalisation initiale pour IDM entre 2010 et 2014 
en France.

Méthodes

Sélection des patients hospitalisés pour IDM

Les patients hospitalisés avec un diagnostic prin-
cipal d’IDM au cours du premier semestre des 
années 2010 à 2014 ont été sélectionnés dans les 
bases de données du Programme de médicalisation 
des systèmes d’information – Médecine, chirurgie, 

obstétrique (PMSI-MCO). L’IDM était dé!ni par 
l’ensemble des codes CIM-10 (Classi!cation inter-
nationale des maladies – 10e  révision) suivants  : 
I21, I22 et I23. Les séjours sans nuitée dont l’issue 
était un retour à domicile (hospitalisation de jour) 
et les séjours de moins de deux jours se termi-
nant par un transfert dans un autre établissement 
ou une mutation vers une autre unité médicale du 
même établissement ont été exclus. Si un patient 
présentait plusieurs séjours pour IDM au cours du 
premier semestre de l’année, seul le premier séjour 
était conservé comme hospitalisation index. Ont 
été exclus les patients mineurs, ceux domiciliés à 
Mayotte, en Guyane ou à l’étranger, les personnes 
décédées pendant l’hospitalisation index et/ou 
celles dont les séjours codés présentaient une 
anomalie empêchant le chaînage de l’ensemble des 
séjours. L’index de comorbidités de Charlson a été 
calculé à partir des diagnostics associés relevés 
dans le résumé d’hospitalisation 12.

Sélection des séjours SSR

Pour chaque année et chaque patient hospitalisé pour 
IDM, la présence d’un séjour SSR débutant dans les 
six mois suivant la !n du séjour en MCO a été recher-
chée dans les bases annuelles du PMSI-SSR. Selon 
la !nalité principale de prise en charge de la première 
semaine du séjour en SSR, les patients ont été répartis 
en deux groupes : « réadaptation cardiaque » (code 
CIM-10 Z50.0) et « autre !nalité » (code Z50.1 « Autres 
thérapies physiques », Z51.88 « Autres formes préci-
sées de soins médicaux, non classées ailleurs  », 
Z54  «  Convalescence  », etc.). Cette variable a été 
préférée au « type d’autorisation » de l’unité médicale 
dans laquelle le patient était hospitalisé, disponible 
depuis 2012 dans le PMSI-SSR, a!n de conserver 
le motif réel de la prise en charge quel que soit le 
type d’unité où elle est réalisée. Par ailleurs, ont été 
recueillis le délai entre le dernier jour de l’hospitali-
sation index et le premier jour de l’admission en SSR 
ainsi que la durée du séjour en SSR.

Les patients ayant des séjours comportant des 
erreurs de chaînage ou avec des données sociodé-
mographiques (sexe, région de domicile, âge) incom-
patibles entre les différents séjours MCO et/ou SSR 
ont été exclus des analyses.

Analyses statistiques

Les comparaisons ont été réalisées par le test de 
Student ou de Mann-Withney Wilcoxon pour les 
variables continues et par le test du Chi2 ou de 
Fisher pour les variables qualitatives. Les taux natio-
naux et régionaux standardisés sur l’âge des patients 
admis en SSR (RC ou autre !nalité) ont été calculés 
en prenant la structure d’âge de la population natio-
nale de patients hospitalisés pour IDM au premier 
semestre 2014 comme population de référence. 
L’écart entre le taux standardisé régional et le taux 
standardisé national a été calculé en pourcentage 
de variation.

L’évolution des caractéristiques des patients 
admis en SSR a été testée par régression linéaire 
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La survie après un infarctus du myocarde (IDM) 
est associée à plusieurs facteurs tels que la sévé-
rité de l’évènement 1,2, la prise en charge lors de la 
phase aiguë avec l’utilisation précoce des stratégies 
thérapeutiques invasives 3 et la prise en charge post- 
hospitalière, dont la réadaptation cardiaque (RC) 4. 
Cette dernière, réalisée dans les services de soins 
de suite et de réadaptation agréés (SSR), permet le 
maintien d’une prévention secondaire ef!cace à la 
sortie de l’hôpital et ainsi une réduction du risque 
de récidive d’infarctus et de décès, et contribue à 
une meilleure qualité de vie sur le long terme 5,6. Une 
récente méta-analyse a mis en évidence une dimi-
nution du risque de mortalité cardiovasculaire à 
1 an (risque relatif, RR=0,74, intervalle de con!ance 
à 95%  :  [0,64-0,86]) et d’hospitalisations (RR=0,82 
[0,70-0,96]) chez des patients atteints de cardiopa-
thies ischémiques ayant suivi un programme de RC 
comparés à ceux n’ayant pas béné!cié d’une RC 5.

En France, l’organisation des SSR a été précisée 
en  2008 par deux décrets et une circulaire, avec 
la création d’une structure unique associant les 
soins de suite et la réadaptation, ceci a!n d’amé-
liorer la qualité et le développement de l’offre de 
soins SSR dans l’ensemble des territoires de santé 7. 
La RC a fait l’objet de recommandations par les 
sociétés savantes françaises, européennes et outre- 
Atlantique 4,6,8  : elle doit être prescrite pour tous 
les patients hospitalisés pour IDM. Depuis 2012, la 
RC est ainsi inscrite comme indicateur de pratique 
clinique 9. Selon l’étude européenne EUROASPIRE 
IV, 50,7% des patients coronariens étaient envoyés 
en RC en 2012 10. En France, en 2011, un tiers des 
patients étaient admis en SSR après un IDM, et près 
d’un quart des patients en RC 11. Des inégalités de 
prise en charge en SSR et/ou RC étaient également 
observées, avec un taux d’admission moindre pour 
les femmes et les patients âgés. De plus, de fortes 
disparités régionales étaient relevées, avec des taux 
d’admission en RC allant de 10,8% (Champagne-
Ardenne) à 38,8% (Alsace).

Au vu des recommandations en faveur du dévelop-
pement de la place de la RC dans la prise en charge 
post-hospitalière de l’IDM et du béné!ce de la RC 
sur le pronostic, les objectifs de notre étude étaient 
de décrire les taux de recours nationaux et régionaux 
aux SSR, et particulièrement en RC, et d’étudier les 
évolutions temporelles et spatiales de la prise en 
charge en RC dans les six mois suivant la sortie de 
l’hospitalisation initiale pour IDM entre 2010 et 2014 
en France.

Méthodes

Sélection des patients hospitalisés pour IDM

Les patients hospitalisés avec un diagnostic prin-
cipal d’IDM au cours du premier semestre des 
années 2010 à 2014 ont été sélectionnés dans les 
bases de données du Programme de médicalisation 
des systèmes d’information – Médecine, chirurgie, 

obstétrique (PMSI-MCO). L’IDM était dé!ni par 
l’ensemble des codes CIM-10 (Classi!cation inter-
nationale des maladies – 10e  révision) suivants  : 
I21, I22 et I23. Les séjours sans nuitée dont l’issue 
était un retour à domicile (hospitalisation de jour) 
et les séjours de moins de deux jours se termi-
nant par un transfert dans un autre établissement 
ou une mutation vers une autre unité médicale du 
même établissement ont été exclus. Si un patient 
présentait plusieurs séjours pour IDM au cours du 
premier semestre de l’année, seul le premier séjour 
était conservé comme hospitalisation index. Ont 
été exclus les patients mineurs, ceux domiciliés à 
Mayotte, en Guyane ou à l’étranger, les personnes 
décédées pendant l’hospitalisation index et/ou 
celles dont les séjours codés présentaient une 
anomalie empêchant le chaînage de l’ensemble des 
séjours. L’index de comorbidités de Charlson a été 
calculé à partir des diagnostics associés relevés 
dans le résumé d’hospitalisation 12.

Sélection des séjours SSR

Pour chaque année et chaque patient hospitalisé pour 
IDM, la présence d’un séjour SSR débutant dans les 
six mois suivant la !n du séjour en MCO a été recher-
chée dans les bases annuelles du PMSI-SSR. Selon 
la !nalité principale de prise en charge de la première 
semaine du séjour en SSR, les patients ont été répartis 
en deux groupes : « réadaptation cardiaque » (code 
CIM-10 Z50.0) et « autre !nalité » (code Z50.1 « Autres 
thérapies physiques », Z51.88 « Autres formes préci-
sées de soins médicaux, non classées ailleurs  », 
Z54  «  Convalescence  », etc.). Cette variable a été 
préférée au « type d’autorisation » de l’unité médicale 
dans laquelle le patient était hospitalisé, disponible 
depuis 2012 dans le PMSI-SSR, a!n de conserver 
le motif réel de la prise en charge quel que soit le 
type d’unité où elle est réalisée. Par ailleurs, ont été 
recueillis le délai entre le dernier jour de l’hospitali-
sation index et le premier jour de l’admission en SSR 
ainsi que la durée du séjour en SSR.

Les patients ayant des séjours comportant des 
erreurs de chaînage ou avec des données sociodé-
mographiques (sexe, région de domicile, âge) incom-
patibles entre les différents séjours MCO et/ou SSR 
ont été exclus des analyses.

Analyses statistiques

Les comparaisons ont été réalisées par le test de 
Student ou de Mann-Withney Wilcoxon pour les 
variables continues et par le test du Chi2 ou de 
Fisher pour les variables qualitatives. Les taux natio-
naux et régionaux standardisés sur l’âge des patients 
admis en SSR (RC ou autre !nalité) ont été calculés 
en prenant la structure d’âge de la population natio-
nale de patients hospitalisés pour IDM au premier 
semestre 2014 comme population de référence. 
L’écart entre le taux standardisé régional et le taux 
standardisé national a été calculé en pourcentage 
de variation.

L’évolution des caractéristiques des patients 
admis en SSR a été testée par régression linéaire 
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Perspectives

for rehabilitation, (ii) observing contraindications to ET, (iii) con-
sideration of concomitant HF device therapy, including cardiac
pacing, CRT, and ICD; (iv) education (self-evaluation), (v) individu-
ally planned training for each patient including subjective assess-
ment of perceived exertion, (vi) using a special training consent
procedure before each training session in the HTCR group, with
consent being granted via the mobile phone only after the clinical
symptoms and transmitted resting ECG had been analysed at the
monitoring centre, (vii) analysing perceived exertion and ECG
immediately after each training session, (viii) ET approval by
patients, and (ix) the presence of another person who always
accompanied the patient during exercise and was able to provide
first aid and call professional medical help in case of an emergency.

Patient acceptance of telemonitored
rehabilitation
Our experience confirmed that patients accepted this new model
of HTCR, including the need for interactive collaboration with the
monitoring centre. None of the patients had any problems in oper-
ating the telemonitoring equipment. In contrast to the 20% of SCR
patients who discontinued rehabilitation, all patients undergoing
telemonitored rehabilitation completed their 8 weeks exercise
programme. Thus, telemonitoring may be an attractive option
for many HF patients undergoing early CR, particularly those in
whom SCR would not be feasible due to the character of their
disease and the resulting limitations in daily life activities. With
HTCR, these patients might become more independent in per-
forming their everyday tasks, their mental and physical condition
might improve, and their life might be much less affected by
their disease.

In summary, although this study showed that home-based tele-
monitored walking training could be an attractive approach in HF
patients, further studies are needed to confirm the utility of this
type of rehabilitation in routine clinical practice.

Limitations
We acknowledge that the HTCR group was not very large. Thus, it
is difficult to assess the safety of the HTCR; however, the absence
of any significant complications may be viewed with optimism and
suggests that this new approach to CR is justified. The duration of
training in this study was only 8 weeks. Another limitation of our
study was the lack of real-time ECG monitoring during telemoni-
tored rehabilitation. The final limitation is the lack of follow-up
observations to determine the number of patients who remained
active after each of the interventions.

Conclusion
This study demonstrates that in HF patients, HTCR is equally effec-
tive and provides similar improvement in HRQoL as SCR using a
cycle ergometer. Adherence to CR seems to be better during
HTCR. This could be the result of increased monitoring, the
added value of the telephone support services, or the difference
between walking and cycle ergometry. Owing to the limitations
associated with HF, this new model of telemonitored rehabilitation
may be a viable alternative for comprehensive CR in these patients.
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Table 3 Comparison of outcomes before and after cardiac rehabilitation

HTCR group SCR group P1-value P2-value

Before After Before After

NYHA class 2.5+0.5 2.1+0.5 2.5+0.5 2.3+0.5 0.0001 0.0070

Six-minute walking test

Distance (m) 418+92 462+91 399+91 462+92 0.0001 0.0469

Borg RPE post-test 11.2+2.5 10.6+2.2 10.7+3.1 10.3+2.5 0.0028 ns

Cardiopulmonary exercise test

Exercise time (s) 411+140 479+161 424+136 477+136 0.0001 ns

Peak VO2 (mL/kg/min) 17.8+4.1 19.7+5.2 17.9+4.4 19.0+4.6 0.0001 ns

% predicted peak VO2 60.0+12.8 67.1+17.0 61.9+17.5 66.3+17.2 0.0001 ns

Peak RER 1.00+0.07 0.99+0.06 1.02+0.07 1.02+0.07 ns ns

Health-related quality of life

SF-36 (score) 79.3+25.6 70.5+25.4 81.6+27.3 69.2+26.4 0,0001 ns

Data are presented as mean values+ SD; P1—significance level for the hypothesis of no time effect; P2—significance level for the hypothesis of no time ! group effect (between
group differences in improvement of outcomes). HTCR, home-based telemonitored cardiac rehabilitation; SCR, standard cardiac rehabilitation; ns, non-significant; NYHA,
New York Heart Association; RPE, rating of perceived exertion; VO2, oxygen consumption; RER, respiratory exchange ratio; SF-36, Medical Outcome Survey Short Form 36
questionnaire.
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Conclusion

• Fait partie intégrante de la prise en charge 


• Pas seulement de l’activité physique : 

- optimisation des traitements, éducation


• Adaptée au contexte médico-social


• Enjeux : 

- accès plus large, 

- pérennité de l’activité physique à distance (télé-réadaptation)


