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To provide an overview of sudden cardiac death 
in athletes.

To compare the effectiveness of accepted 
screening models. 

To provide a realistic view of some of the 
concerns with ECG screening.

Objectives



Sudden Cardiac Death in Athletes



POPULATION AGE DURATION INCIDENCE       

Organised high school1 13-17 12 years 0.5/100,000                                                                    
and college athletes     

Competitive athletes2 14-35 25 years 2/100,000/yr

Marathon (London)3 Mean 42          26 years 2.2/100,000 runs 

Rhode island jogger4 30-65               7 years 13/100,000/yr

Incidence of Sudden Cardiac Death

1. Roberts  WO. JACC. 2013; 62: 1298 
2. Corrado D. JAMA. 2006; 296: 1953
3. Tunstall-Pedoe D. Sports Med. 2007; 37: 448
4. Thompson P. JAMA. 1982; 12: 247



Sudden Death in Young Athletes



Sudden Cardiac Death in Sport

Hypertrophic Arrhythmogenic right

Cardiomyopathy ventricular cardiomyopathy



Coronary arteries and aorta



LQTS

Brugada

WPW

Electrical DisordersSudden Cardiac Death with a Normal Heart



80%

5%
5%

5% 5%

Coronary artery disease

Cause of Death in Senior Athletes



Dehydration Adrenergic 
surges

Electrolyte 
imbalance

Acid/base 
disturbance

Triggers for Sudden Cardiac Death



Sudden Cardiac Death in Athletes



USA Triathlon Experience  1985-2015

1 in 67,000. 80% non traumatic. 

35% in first time participants

Sudden Deaths in Triathlon

85% in males

Mean age 47 years old

70% of all deaths in swimming    

Harris K et al ACC 2016



Deaths During Swimming
• Drowning

− Precipitated by water aspiration

− Kicked and knocked unconscious

• Lung Problem

– Swimming Induced Pulmonary Edema (SIPE)

– Asthma attack

– Anaphylaxis from jellyfish sting

• Cardiac Problem

– Long QT Syndrome (1 subtype provoked by 

swimming)

– Myocardial infarction (older athlete)

– Hypertrophic or other cardiomyopathy (younger 

athlete)

• Heat Stroke (rare)



106 deaths and 11 resuscitated events.

41 had autopsy. 

22 (54%) showed cardiac pathology. 

Predominantly coronary artery disease but also 
cases of cardiomyopathy, coronary artery anomalies 
and electrical disorders.

Sudden Death in USA Triathlons 1985-2015



Screening Strategies for Detecting 
Athletes with Potentially Serious 

Cardiac Disease



Screening Athletes 

Condition History Examn ECG Echo

HCM Pos/Neg Pos in 25% Positive Pos

ARVC Pos/Neg Negative Positive Neg/Pos

WPW Pos/Neg Negative Positive Neg

LQTS Pos/Neg Negative Positive Neg

Marfan Pos/Neg Positive Negative Pos

CAA Pos/Neg Negative Negative Neg

Myocarditis Pos/Neg Pos/Neg Pos/Neg Pos

INCREASING COST





Finnochiaro G, Sharma JACC 2016

357 consecutive  athletes.  Mean age 29 ±11 years old.

92% Male.  69% competitive.  



HCM ARVC
95% 40-50%

ECG in Patients with Cardiomyopathy

Inferior and/or lateral TWI
ST segment depression
Pathological q waves

Anterior TWI (V2-V3/V4) 
with isoelectric J point
Epsilon wave
Ventricular extra-systoles



Deaths in Triathlon



Cheap

Pragmatic

Poor sensitivity (<45%)

Most athletes asymptomatic

Most diseases are not 
associated with abnormal 
physical signs



Does Cardiac Screening Save Lives? 



Screening Athletes: Impact on SCD
Corrado. JAMA 2006; 296:1593-1601

• 1979-2004 

• 42,386 athletes  (12-35 years)

• History, examination and 12-lead ECG

• 55 sudden cardiac deaths in screened athletes

• Death rates fell from 3.6/100,000/person years (pre-
screening to 0.4/100,000/person years following 
screening.

• Reduction in deaths mainly from cardiomyopathies



TIME-TREND OF SUDDEN CARDIAC DEATH INCIDENCE IN 
ATHLETES VS NON-ATHLETES

Veneto Region of Italy 1979-2002

Corrado. JAMA 2006; 296:1593-1601



Corrado et al. JAMA 2006; 296: 1593-601
Maron et al. Am J Cardiol 2009; 104: 276-280



Low incidence of sudden cardiac death

High number of false positives

Concerns relating to false negatives

Cost

Other issues

Concerns Relating to ECG Screening



Prevalence of Young Athletes with 
Conditions Predisposing to SCD

Reference Population Prevalence

AHA  (2007) Competitive athletes   (U.S.) 0.3%

Fuller (1997) 5,617 high school athletes (U.S) 0.4%

Corrado (2006) 42,386 athletes age 12-35 (Italy) 0.2%

Wilson (2008) 2,720 athletes /children age 10-17 0.3%

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

Baggish (2010) 510 collegiate athletes 0.6%

Sheikh (2015) 5000 British elite athletes 0.3%



Low incidence of sudden cardiac death

High number of false positives

Concerns relating to false negatives

Cost

Other issues

Concerns Relating to ECG Screening



ECG in Athletes
VAGOTONIA

Bradycardia

AV block

Repolarisation 

anomalies

CHAMBER 

ENLARGEMENT

Sokolow-Lyon 

Voltage criterion for 

LVH

Incomplete RBBB



SV1 + RV6 > 3.5 mV = LVH

Incomplete RBBB

SV1

RV6

Right axis deviation

ER

Sinus bradycardia 45 bpm



ECG in Athletes
VAGOTONIA
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ECG Interpretation in an Athlete



Evidence Based ECG Interpretation: 
2004-2014



Sensitivity for all conditions 60%
Sensitivity for serious conditions 100%
Specificity 94% in Caucasians

84% in Black athletes



False positives

The Journey so far

2005

2010

2013

2014



Normal ECG findings

• Voltage QRS criteria for LVH or 
RVH

• Incomplete RBBB
• Early repolarization/ ST segment 

elevation
• ST elevation followed by T wave 

inversion in V1-V4 in black 
athletes

• T wave inversion in V1-V3 < age 16
• Sinus bradycardia or arrhythmia
• Ectopic atrial or junctional rhythm
• 1st degree AV block
• Mobitz type 1- 2nd degree AV 

block 

No further evaluation required
In asymptomatic athletes with no 
family history of inherited cardiac 

disease/ SCD

Borderline ECG findings

• Left or right atrial 
enlargement

• Left axis deviation
• Right axis deviation
• Complete RBBB

Abnormal ECG findings

• T wave inversion beyond V2 in 
Caucasian adult athletes/ beyond V4 
in black athletes

• ST segment depression
• Pathological Q waves
• Complete LBBB
• IVCD ≥ 140ms
• Ventricular pre-excitation
• Long QT interval
• Profound sinus bradycardia <30bpm
• Profound 1st degree AV block ≥ 400 

ms
• Mobitz Type II 2nd degree AV block
• 3rd degree A V block
• ≥ 2 PVCs per 10 secs
• Atrial tacharrhythmias
• Ventricular tachyarrhythmias

Further evaluation required
to investigate for CV disorders 

associated with SCD in athletes

In isolation 2 or more



Low incidence of sudden cardiac death

High number of false positives

Concerns relating to false negatives

Cost

Other issues

Concerns



Deaths Despite Screening with ECG



Kim J NEJM 2012

Cause of Cardiac Arrest in Marathons in 
the US

59 events

Information on 31 

(23 dead and 8 

survivors)

Athletes with 

HCM did not 

survive.



Low incidence of sudden cardiac death

High number of false positives

Concerns relating to false negatives

Cost
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Concerns



1. Sudden cardiac death in triathlon is rare.

2. Most triathlon deaths occur during swimming.

3. Screening with ECG will detect electrical faults and 
cardiomyopathies but will fail to identify most 
coronary artery abnormalities/disease.

4. Screening of athletes SHOULD take place in an 
EXPERT setting.

Conclusion
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