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Objectives

• To discuss the background and causes of 
sudden cardiac death (SCD) in athletes

• To discuss preventative strategies to reduce 
the risk of SCD in sport

• To discuss alternative strategies and secondary 
prevention



Sudden Death In Young Athletes

• Incidence is approximately 1/50,000 

• Mean age at death in athletes 23 years-old

• 40% deaths in athletes aged < 18 years old

• More common in males than females (9:1) 

• 90% deaths during or immediately after exertion

Sudden Cardiac Death in Young Athletes



Age of the athlete

n=1435
Maron B et al. 
Circulation
2007;115:1643-1655
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Causes of SCD <35 years of age
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Causes of SCD > 35 yrs of age
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Sudden Cardiac Death in Sport

Hypertrophic Arrhythmogenic right
Cardiomyopathy ventricular cardiomyopathy
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Sudden Death in Athletes: The British 
Experience
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Relative Risk of SCD 

Corrado D JACC 2003
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Triggers for Sudden Cardiac Death



Screening: The Argument 

FOR

Highly visible

Loss of numerous years of life

Association between exercise and 
sudden death

Acceptable interventions to 
prevent death

AGAINST

Sudden deaths in athletes is 
uncommon; 1 in 50 000

Rare disorders and diverse 
pathology

Elaborate screening programmes
- not cost effective

Risk of false positives





How effective is the ECG as a 
screening tool?

Abnormal in 98% of HCM

Abnormal in 80% of ARVC

• WPW
• Brugada
• LQTS



33 735 Competitive Athletes

22 Athletes 
diagnosed with HCM

2 identified on 
basis of 

murmur (9%)

16 identified 
on basis of ECG 

3 identified on 
basis of family 
history (14%)

73%



Incidence of Sudden Cardiac Death in 
Athletes Vs. Non-Athletes Over Time

Corrado et al. JAMA 2006;296:1593-1601

Veneto Region of Italy 1979-2002





Screening Concerns

1. Is it an Important health problem?
Low incidence of SCD

2. Is there a suitable screening test?
False positives
False negatives



Incidence of Sudden Cardiac Death
Population Age Duration Incidence

Organised high 
school and college 
athletes

13-17 12  years 0.5/100 000

Competitive 
athletes 

14-35 25 years 2/100 000/yr

Marathon (London) 42 (mean) 26 years 2.2/100 000 runs

Rhode island jogger 30-65 7 years 13/100 000/yr



Prevalence of conditions 
predisposing to SCD in young 
athletes

Reference Population Prevalence

Fuller 1997 5 617 high school athletes (US) 0.3%

Corrado 2006 42 386 athletes aged 12-35yrs (Italy) 0.2%

AHA 2007 Competitive athletes (US) 0.3%

Wilson 2008 2 720 athletes/children aged 10-27 yrs 0.3%

Bessem 2009 428 athletes aged 12-35 yrs (Netherlands) 0.7%

Baggish 2010 510 collegiate athletes (US) 0.6%



Screening Concerns

1. Is it an Important health problem?
Low incidence of SCD

2. Is there a suitable screening test?
False positives
False negatives





High False Positive Rate

10%

16.9%

17.3%



T-Wave inversion in Black Athletes 



53%

6%



The Seattle Criteria

50%

Differences from the ESC 
2010

Following included in the 
normal category:
• T wave inversion in V1-V4 

in black athletes.
• T wave inversions in V1-

V2 in all athletes.
• QTc < 470 M and < 480 F
• Criteria for RVH also 

include RAD



Evidence based ECG 
interpretation 2004-2014



Sanjay Sharma et al. Eur Heart J 2015;36:1445-1453

Sensitivity: All conditions 60%
Sensitivity: Serious conditions 100%
Specificity: 94% Caucasians

84% Black athletes



False positives
European Society of 
Cardiology (2010)

17- 32%

• 30- 40%

Seattle (2013)

4- 9%

• 16- 18%

Refined (2014) 

2- 5%

10- 12%

Brosnan et al, 2013; Riding et al, 2014; Bessem et al, 
2014; Sheikh et al, 2014



False Negatives

• Conditions where there is 
no clue on the ECG
– Premature 

atherosclerosis
– Anomalous coronaries
– Incomplete expression 

of cardiomyopathy/ion 
channelopathy

• Events which are not 
prevented by screening
– Commotio Cordis
– Myocarditis
– Electrolyte 

disturbance



Alternative Strategies

Automated External Defibrillators



• Incidence in the general population 
Netherlands (2006-2009)

• Mean age  58.8 ± 13.6.
• 95% Male.
• Survival 45%

• General population in France
• Mean age 46.1± 15.8
• Males 93%
• Survivial 16%



Exercise related cardiac arrest

Country Netherlands France 

Age, years 58.8 ± 13.6 46.1 ± 15.8

Success rate 45% 16%

Men 93% 95%

Bystander witnessed arrest 89% 94%

Bystander CPR 87% 31%

AED use 36% 1%

Shockable initial rhythm 80% 47%

Time to first shock (min) 9.8 (6.4 – 12.5) 12.5 (10.5 – 15.5)



• Overall 16% survival after sports-related
cardiac arrest.

• But 50% in regions with rates of  bystander
resuscitation >90%



• 10.9 million runners
• 59 cardiac arrests
• 42 deaths
• 29 % survival rate 
• Association between age and cardiac-arrest 

outcome 
• survival >40 years of age 
• Age-specific pattern of underlying cardiac disease.

• Younger - hypertrophic cardiomyopathy 
• Older - ischemic heart disease. 

Kim et al NEJM 2012 



SCA
Survivor 29% 

Death 71%

CPR

Time taken for 
Emergency Arrival 

(mins) VF

3.3

7.7

88%

35%

HCM

0%

66%

100
%

40%

Kim et al NEJM 2012 



Report of 1710 US high schools with an on-site AED program.
Survey relating to sudden cardiac arrest (SCA) between Jan 2006-

July 2007
36 cases of SCA

14 (high school) 22 older non students
Mean age 16 Mean age 57

64% survived to hospital discharge 
Higher survival rates may have been to the onsite AED (79%) and smaller 

number of cases of hypertrophic cardiomyopathy (21%)

Prompt CPR 94%
AED shock 83%










Personnel Communication 
system

Location of the AED
Practice and review 

of emergency 
response plan

Emergency 
response plan

The Emergency Response Plan



Author Study Survival
__________________________________________________
Maron Commotio cordis 16%

Drezner Survival trends 4-21%

Drezner Schools with AED 64%

Kim Marathon runners 29%

Sharma London Marathon 43%

Marion Gen Pop 10-75 16%

Berdowsky Gen Pop Amsterdam 46%

Success Rates for Survival From Cardiac Arrest 
in  SportSurvival after SCA after exercise



Conclusions
• Sudden cardiac death in young athletes is rare.

• Exercise is a trigger for SCD in predisposed athletes.

• Pre-participation screening with ECG identifies athletes 
with cardiomyopathy.

• Early CPR and AEDs save lives in sport.



Thank You

• Acknowledgements

• Professor Sanjay Sharma
• Cardiac Risk in the Young



Success Rates From External 
Defibrillation in Young Athletes

• 1999-2005. 9 Cases of sudden cardiac arrest

• Mean age 21 years old (18-30)

• Witnessed collapse (all during exercise)

• CPR within 1 min in 8 cases

• AED provided by trainer in 5 cases and by emergency services in 
4 cases

• Time to defibrillation (1-7.5 min)

• 8/9 athletes died (HCM 5, commotio cordis 2, MI 1)

Drezner Heart Rhythm 2006   
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