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Sudden cardiac death in athletes

Pheidippides’ death



SCD is defined as nontraumatic, nonviolent, unexpected natural 
death of cardiac origin occurring within 1 hour of the onset of 

symptoms in a person who does not have a previously recognized 
cardiovascular condition that would appear fatal.   

According to this definition, SCD may occur during or  immediately 
after the exertions involved in competition or training.

This definition is  not inclusive traumas or technical accidents during 
sport activity.

Sudden Cardiac Death
definition

Maron BJ J Am Coll Cardiol 1986



7,5% of SD in young athletes (15-35 years)
J Intern Med 2002; 252(6):529-36

SCD has been considered for long time an 
extraordinary event. However recent data suggest 

that these incidents are not so rare



< 35 yrs
1:100.000 - 1:300.000

> 35 yrs
1:15.000 - 1:50.000

Risk in males >>> than in females

Sport-related Sudden Cardiac Death
epidemiolog y



RR = 2.5
CI = 1.8-3.4
p < 0.001

Sport increases the risk of sudden death

Relative risk of SD in young athletes vs. non-athletes (Veneto 
region registry; 1979-1999). Corrado et al. JACC 2003



Vigourous physical activity causes an increase in the 
risk of SCD in subjects with clinically silent  cardiac 

diseases.

SCD usually occurs during official competitions (75%)
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Sudden Death in different sports disciplines 

Maron BJ JAMA 1996 



Which are the causes 
of  sudden cardiac death in athletes?



• Hypertrophic cardiomyopathy
• Coronary artery disease
• Arrhythmogenic rigth ventricular dysplasia
• Congenital coronary anomalies
• Valvular heart disease (MVP, Ao stenosis)
• Dilated cardiomyopathy
• Aortic pathology (acute rupture and dissection)
• Conduction system abnormalities
• Myocarditis
• Long QT syndrome
• Idiopatic VT
• Brugada syndrome

Causes of  SCD in athletes



CV Abnormalities found at autopsy  in
athletes ≥35 yrs who died suddenly

80%

Coronary artery
disease

HCM

MVP

Unexplained 

Aquired Valve 
Disease 



(Corrado et al. NEJM 1998)

(Maron et al. JAMA 1996)

ARVD 23% Anomalous
c.a. origin 12%

HCM 2%

Premature
CAD 18%

HCM 36%
Atherosclerotic
c.a. disease 2%

ARVD 3%

Anomalous
c.a. origin 12%

athletes < 35 yrs



How?



Ventricular Fibrillation 
95% 





Minimize the risk SCD in athletes: the 
great challenge of  Sports Cardiology







THE ITALIAN EXPERIENCE 

Since 1982, Italian law mandates that every subject 
engaged in competitive sport activity must undergo 

a clinical evaluation and obtain elegibility before 
entering

6 millions athletes of all ages annually
(10%  of the overall italian population)



PROTOCOL OF ITALIAN CV SCREENING

1. Medical History

2. Physical Examination 
3. 12-Lead ECG at rest

and after exercise
(step test)



11 Millions occasionally 
play sports

6 Millions
regularly train and 

compete

~ 2,000
elite athletes

56 Millions 
Italians

TARGET OF THE LAW



DATA FROM DIFFERENT SPORT
MEDICINE  INSTITUTIONS

~ 2% OF THE ATHLETES POPULATION IS DISQUALIFIED 
FROM COMPETITION

~70%  OF DISQUALIFICATIONS DUE TO CARDIOVASCULAR 
DISEASES

(Most frequent: ARRYTHMIAS, VALVULAR DISEASES INCLUDING MITRAL VALVE PROLAPSE 
COMPLICATED BY SIGNIFICANT VENTRICULAR ARRYTMIAS OR MITRAL VALVE 

REGURGITATION, HCM, HYPERTENSION;
Less frequent: CONGENITAL AND RHEUMATICHEART DISEASES, PERICARDITIS, DILATED 

CARDIOMYOPATHIES)



SCREENING PROTOCOL IN THE U.S. AND ITALY

USA: The American Heart Association recommends that some form of
preparticipation cardiovascular screening for high school and collegiate
athletes is justifiable and compelling, based on ethical, legal and medical
grounds; 12 lead ECG is not cost- effective for screening a large
population of young athletes due to its low specificity

(Circulation 1996)

ITALY: 12-lead ECG enhances the sensitivity of the screening process for
detection of cardiovascular diseases with risk of SD (abnormal ECG in up
to 95% of patients with HCM)

(JAMA 2002)



IMPORTANCE OF ECG IN 
COMPETITIVE ATHLETES



ECG  abnormalities are present in up to 
95% of HCM and 80% of ARVC  patients



HCM ARVC



REDUCTION IN SCDs IN YOUNG ATHLETES IN 
THE VENETO REGION (1979-2002) AS A 

CONSEQUENCE OF PPS



FIMS-ACSM statement on pre-participation evaluation in sports 

Advancing the Preparticipation Physical Evaluation (PPE): 
An ACSM and FIMS Joint Consensus Statement

Roberts W, Löllgen H, Matheson GO, Royalty AB, Meeuwisse WH, Levine B, Hutchinson MR, Coleman N, Benjamin HJ,
Spataro A, Debruyne A, Bachl N, Pigozzi F.

Clin J Sport Med. 2014 Nov;24(6):442-7



Pre-participation physical evaluation (PPE) is widely accepted, its usage and content are not 
standardized. 

Implementation is affected by cost, access, level of participation, participant age/sex, and 
local/regional/national mandate. 

No large-scale prospective controlled tracking programs have examined PPE outcomes.

FIMS-ACSM statement on pre-participation evaluation in sports 

Advancing the Preparticipation Physical Evaluation (PPE): 
An ACSM and FIMS Joint Consensus Statement

Roberts W, Löllgen H, Matheson GO, Royalty AB, Meeuwisse WH, Levine B, Hutchinson MR, Coleman N, Benjamin HJ,
Spataro A, Debruyne A, Bachl N, Pigozzi F.

Clin J Sport Med. 2014 Nov;24(6):442-7



The panel did not reach consensus on electrocardiogram (ECG) screening as a routine part of 
PPE, all agreed that a history and physical exam focusing on cardiac risk is essential, and an 

ECG should be used where risk is increased. 

FIMS-ACSM statement on pre-participation evaluation in sports 

Advancing the Preparticipation Physical Evaluation (PPE): 
An ACSM and FIMS Joint Consensus Statement

Roberts W, Löllgen H, Matheson GO, Royalty AB, Meeuwisse WH, Levine B, Hutchinson MR, Coleman N, Benjamin HJ,
Spataro A, Debruyne A, Bachl N, Pigozzi F.

Clin J Sport Med. 2014 Nov;24(6):442-7



An electronic PPE, using human-centered design, would be comprehensive, would 
provide a database given that PPE is mandatory in many locations, would simplify PPE 

administration, would allow remote access to clinical data, and would provide the 
much-needed data for prospective studies in this area.

FIMS-ACSM statement on pre-participation evaluation in sports 

Advancing the Preparticipation Physical Evaluation (PPE): 
An ACSM and FIMS Joint Consensus Statement

Roberts W, Löllgen H, Matheson GO, Royalty AB, Meeuwisse WH, Levine B, Hutchinson MR, Coleman N, Benjamin HJ,
Spataro A, Debruyne A, Bachl N, Pigozzi F.

Clin J Sport Med. 2014 Nov;24(6):442-7



FIMS-ACSM statement on pre-participation evaluation in sports 

Advancing the Preparticipation Physical Evaluation (PPE): 
An ACSM and FIMS Joint Consensus Statement

Roberts W, Löllgen H, Matheson GO, Royalty AB, Meeuwisse WH, Levine B, Hutchinson MR, Coleman N, Benjamin HJ,
Spataro A, Debruyne A, Bachl N, Pigozzi F.

Clin J Sport Med. 2014 Nov;24(6):442-7

The working group will assess the available electronic versions of the PPE for international use in athlete
evaluation and create a centralized database to allow international reporting and tracking of outcomes 

data and adverse events. An electronic PPE program instituted worldwide with integrated research 
questions would constitute a novel and significant contribution to the field that can help shape PPE 

policies for athletes based on age, sex, ethnicity,level of competition, and sport-related goals.



ECHOCARDIOGRAPHY AND 
PPS



FIFA Medical Centre of Excellence of  Villa Stuart “ Sport Clinic” Rome, Italy

Rizzo M, Spataro A, Cecchetelli C, Quaranta F, Livrieri S, Sperandii F, Cifra B, Borrione P, Pigozzi F.
Br J Sports Med. 2011 Jul 26.

Study group: 3100 male soccer players

Our data suggest that a quite relevant percentage of asymptomatic, apparently healthy, children 
and adolescents has a structural congenital cardiac disease difficult to diagnose or suspect by 
the current screening based on medical history, PE and ECG. Trans-thoracic echocardiography 

could significantly improve the diagnostic power of the screening (echocardiography identified 
56 previously unknown cardiac abnormalities)

Overall prevalence of structural  heart diseases in symptomatic is well 
assessed (range is between 0,6 and 1,2%) but the overall prevalence of 

structural heart disease in asymptomatic (mild congenital lesions that may 
remain clinically silent for a long time) is more difficult to quantify

Structural Cardiac Disease Diagnosed by Echocardiography 
in Asymptomatic Young Male Soccer Players



ESC Study Group of Sports Cardiology Position Paper on 
cardiovascular adverse effects of doping in athletes

Deligiannis A., Björnstad H., Carre F.,  Heidbüchel  H., Kouidi E.,  Panhuyzen-Goedkoop N.M., 
Pigozzi F., Schänzer W., Vanhees L.

European Journal of Cardiovascular Prevention and Rehabilitation, 2006 Oct;13(5):687-694.



Prohibited substances abuse and SCD

Anabolic Steroids
GH, EPO
Beta 2-Agonists
Amphetamines
Cocaine
Ephedrine
Narcotics
Cannabinoids
Alcohol



Harmonization of the 
Training  Programmes in 

Sport Medicine





PREMONITORY SYMPTOMS IN YOUNG 
ATHLETES WHO SUDDENLY DIED 

HCM
21%

CCAA
37%

ARVC
54%

Syncope, chest pain, and/or 
palpitations

Syncope, dizziness, and/or 
chest pain

Syncope, and/or palpitations

(Maron et al , JAMA 1996) 

(Basso et al , Circulation 2000)

(Corrado et al , NEJM 1998) 















FIMS CollaboratIng CenterS oF SportS 
MedICIne



FIMS CollaboratIng Center For 
antIdopIng reSearCheS
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