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Il rischio del training fisico

•Fisiopatologia

•Epidemiologia

•Stratificazione
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Modificazioni ECG
Riduzione  della fase di 
plateau del PA
Depressione contrattilità

Depressione contrattilità
Ridotta sensibilità del 
cuore alle catecoalmine

Overload Ca++ intracellulare
e afterdepolarization
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La stimolazione 
catecolaminica annulla 
gli effetti negativi 
dell’iperkaliemia e 
dell’acidosi
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•La stimolazione simpatica annulla gli effetti 
negativi dell’iperkaliemia e dell’acidosi

Aumento attività pompa sodio-potassio

Aumentata conduttanza  di membrana agli Ca2+

•Sinergismo  tra Ca2+ e K+ durante esercizio

•Elevati valori di K+ riducono gli effetti 
proaritmici della stimolazione simpatica.

Meccanismi antiaritimici in corso di 
esercizio fisico



O’Neill, J Appl Physiol, 1997; 82:1046-1052

KCl and lactic acid KCl and lactic acid and NE Ischemia



L’ischemia acuta riduce 
l’effetto protettivo delle 
catecolamine in 
presenza di iperkaliemia
ed acidosi

O’Neill, J Appl Physiol, 1997; 82:1046-1052
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6-17%  di tutte le morti 
improvvise avvengono durante 
esercizio

Cobb, JACC 86; Burke, JAMA 99; 
Siscovick NEJM, 1984 Thompson, JAMA  82;



Sudden cardiac arrest, 
event per 100000 person-

hours

1/888000Jogging court 
games

Vander,82

1/396000JoggingThompson,82

1/375000Jogging, swimming, 
tennis

Gibbons,80

1/600000Cross-country skiingVuori,78

ActivityStudy

Risk of sudden cardiac arrest during exercise training
In the general population

Average 1/565000



1/146127MixedFranklin, 98

1/117333MixedVan Camp,86

1/22028MixedHaskell,94

1/65185JoggingHossak,82

Sudden cardiac arrest, 
event per 100000 person-

hours

1/6000JoggingHartley,76

1/6000JoggingMead,76

1/12000JoggingLeach,82

1/6000JoggingFletcher,77

ActivityStudy

Risk of sudden cardiac arrest during exercise training
Individuals with known heart disease

Average 1/61795



8 (3.4)3 (1.3)21 (8.9)235191651303167Total

1 (4.8)1 (4.6)3 (13.8)217345956113Graduated

3 (2.4)2 (1.6)9 (7.2)12461111286357Intermittent

4 (4.5)09(10.1)8881602887997Continuous

Myocardial
infarcion

FatalitiesCardiac-
arrests

Patients-
hours

PatientsProgramsType of ecg
monitoring
during exercise
sessions

Van Camp JAMA 1986;256:1160-1163

Cardiovascular complications of Cardiac Rehabilitation
Programs with differing extens of electrocardiographic

monitoring
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Beamunt data
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Summary of contemporany exercise based
cardiac rehabilitation complication rates

Franklin, Chest 1998;114:902-906
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Time of 
event

VT

MI

VF

MI

MI

Exercise-
relate

cardiovascular
complication

1086ModerateCABGS68F2

53HighAnterior MI, 
EF=29%

31M1

NA160HighAnterolateral MI, 
inferoposterior MI 
CABGS, EF =15%, 

ICD

78M5

1564ModerateSubendocardial
MI, PTCA

49M4

8105HighAnterolateral MI, 
CABGS, EF=20%

64M3

Aerobic
fitness

Time in 
rehabilitatio
n program

Risk StatusCardiovascular
Hystory

AgeGenderPatient

Major Cardiovascular Complications during medically
supervised exercise in a cardiac rehabilitation Centre
(1982-1998)

Franklin , CHEST 1998; 114:902-906

Frequenza complessiva di eventi 1/58451 paziente ora



Safety of Cardiac rehabilitation in a Medically
Supervised Community-Based programm

3511 pts
Age 62 yrs

338688 patient-hours
Event rate: 1/58902 (13 events)
SVT 5
AF 2
Angina 4 
SD 2(1 fatal)

Scheinowitz 2005; 103:113-117

In 8/13 (62%) l’evento occorreva nelle prime 4 settimane 
del programma



Fattori neuro-ormonali

Fattori emodinamici

Distubi elettrolitici

Farmaci

Aritmie cardiache

Morte improvvisa

ESERCIZIO E SCOMPENSO CARDIACO



Piňa Circulation 2003; 107:1210-1225

Eventi avversi durante training fisico in pazienti con 
scompenso cardiaco



3Appropriate  ICD interventions fo VT in 5 patients during
exercise

Between training sessions appropriate  discharges
occurred in 7 patients

One inappropriate  ICD Shock was delivered to a patient
in sinusal tachycardia during exercise

5.2%

1.04%

7.2%

Vanhees, Eur J Cardiol, 2004; 25:1120-1126

Effect of exercise training in patients with an
implantable cardiovertitor defibrillator



Vanhees, Eur J Cardio, 2003



Volaklis, Sports Med 2005; 35:1085-1103

Adverse events during resistance training in 
patients with chronic heart failure



•Anamnesi
•Visita 
•ECG a riposo
•ECG da sforzo
•Ecocardiografia
•Holter monitoring
•ECO stress
•Cateterismo destro

Stratificazione del 
rischio  nei pazienti che 
afferiscono ad un 
programma di 
riabilitazione

Ischemia
Disfunzione VS
Aritmie



Risk Classification for Exercise Training
Class A: Apparentely Healthy individuals

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class A: Apparentely Healthy individuals

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class B: Presence of Known stable Cardiovascular Disease with

Low risk for complications with vigorous Exercise

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class B: Presence of Known stable Cardiovascular Disease with

Low risk for complications with vigorous Exercise

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class C: Those at Moderate-to-high Risk for Cardiac

Complications During Exercise

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class C: Those at Moderate-to-high Risk for Cardiac

Complications During Exercise

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class D: Unstable Disease With Activity Restriction

Fletcher GF, Circulation 2001; 104:1694-1740



Risk Classification for Exercise Training
Class D: Unstable Disease With Activity Restriction

Fletcher GF, Circulation 2001; 104:1694-1740



E’ sufficiente  la  valutazione cardiologica
per stratificare il rischio correlato alle 
procedure riabilitative?

La popolazione dei pazienti che 
afferiscono ai programmi riabilitativi è
sempre più caratterizzata da :
•Età più avanzata
•Più frequenti comorbilità
•Grave disabilità



Optimizing Risk stratification in Cardiac
Rehabilitation with inclusion of a comorbidity

Index

ARSE
OR 1.56 (1.14-2.12)

CMI
OR 1.23(1.03-1.47)

R
is

ch
io

Zoghbi, Journal of Cardiopulmonary Rehabilitation 2004 (24)8-13

Stratificazione 
di rischio 

“cardiologica”

Stratificazione 
di rischio per 
comorbidità



•Anamnesi
•Visita 
•ECG a riposo
•ECG da sforzo
•Ecocardiografia
•Holter monitoring
•ECO stress
•Cateterismo destro

Stratificazione del rischio  nei pazienti che 
afferiscono ad un programma di 

riabilitazione

•Presenza di comorbidità
(polmonari, endocrine, 
renali e neurologiche)
•Patologie muscolo-
scheletriche
•Stato nutrizionale
•Stato psicosociale

Valutazione multidimensionale del 
rischio


