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Early Reports of Athlete SCD 

Pheidippides (530 BC- 490 BC)
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Modern Day Twist
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Key Issues

• Sudden Cardiac Death (SCD) is a tragic and 
devastating event
• During sports or physical exertion generates immense 

public attention

• Young, vigorous athletes represent the best  
• Sudden death does not make sense to public

• Recognize total # athletes is quite large
• Estimated 5 million HS athletes

• 500,000 collegiate/ 5,000 professional

• Extend to firefighters? 1.2 million military?



Who is the Athlete?
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9JACC 2015;66:2343-2450

Athlete: participates in organized team or 

individual sport, places a high premium on 

excellence, and requires systematic and 

intense training.  



Incidence of SCD

•Organized High School
• 1:134,000/Year (Male) 
• 1:750,000/Year (Female)

•NCAA Athletes
• 1:53,000 

• Highest rates male, black, basketball players

•Air Force Recruits
• 1:735,000/Year

•Marathon Runners
• 1:50,000 Race Finishers (Mean Age 37 yo)



Case presentation

• 22 yom: 2 episodes of syncope while playing 
basketball.  No lightheadedness preceding his LOC-
suddenly awoke on the floor with head trauma.

• Fam History: Father died 42 yo: collapsed at the 
dinner table with a “massive heart attack”

• Physical exam notable for II/VI syst murmur at the L 
upper sternal border,     with valsalva maneuver and 
with standing.  



Case #1 continued

• Young athletic male

• Malignant syncopal “drop attack”

• Concerning family history

• Dynamic LVOT obstruction

http://www.findagrave.com/cgi-bin/fg.cgi?page=pis&GRid=6525322&PIgrid=6525322&PIcrid=1607685&PIpi=8468189&


A.  Hypertrophic cardiomyopathy

B.  Arrhythmogenic right ventricular dysplasia 

C.  Brugada syndrome

D.  Congenital long QT syndrome

H and P,ECG suggest:



Hypertrophic Cardiomyopathy
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• Len Bias
• Selected 2nd by Celtics 86 Draft

• Died 2 days later age 22:cocaine 
toxicity→arrhythmia

• Reggie Lewis
• Celtics 1987-93, Died at pickup game at Brandeis

• Autopsy had findings c/w HCM along with 
official cause of death of adenovirus, had ? 
cocaine use 

• Hank Gathers
• Died 1990 of HCM at midcourt during televised 

Loyola Marymount game

http://www.findagrave.com/cgi-bin/fg.cgi?page=pis&GRid=6525322&PIgrid=6525322&PIcrid=1607685&PIpi=8468189&
http://en.wikipedia.org/wiki/File:LenBias.jpg


Case 2

• 40 yo healthy male collapses on court 
playing pickup game.  Talking to 
family, you learn, he played a “little 
basketball” over time.

• Normal physical, normal ECG, no 
family history of SCD

• NCAA all-time scoring leader
• (average 44.2 ppg)

• Multiple NBA scoring champion over 
10 years
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Case 3 

• 23 yom collapses while playing 
professional soccer, regains 
consciousness and walks to locker 
room

• Collapses again, found pulseless.  
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Arrhythmogenic Right 

Ventricular Cardiomyopathy



Maron Circulation 2009

Etiology



Etiology of SCD in Young
Maron 2009



US Military Sudden Death Registry

• DoD Registry 1998-2008
• Active duty members >/= 18 yo, over 15 million pt-yrs of data

• U.S. military records provide excellent data 
• complete capture of all deaths, well-defined population

• comprehensive electronic medical record

• accessible surveillance systems

• >14,000 sudden deaths 
• 902 potentially due to SCD (~90/yr.) 

• 79% definitely cardiac

• 21% sudden unexplained death



Conclusions from study

•The overall incidence of SCD w exertion in U.S. 
military members (1.63 per 100,000) was similar to 
corresponding civilian SCD rates with exertion

• incidence rates were present in:
• Age ≥35 years, African-Americans, and males. 

•The most common diagnosis depended on age
• Age ≥35 years         CAD
• Age <35 years        idiopathic (autopsy negative) and 

anomalous coronary arteries, not HCM

23Br J Sports Med 2016;50:2 118-123 



Most common cause of death: 

Accidents (50%)

Medical causes (29%)

The most common medical cause of death 

was SCD (15%).  
Harmon K. Circulation. 2015;132:10-19



The most common findings at autopsy were: 

autopsy negative sudden unexplained death 25% 

ACO 11%

Myocarditis 9%

CAD 9% 

HCM 8%.



Coronary Artery Disease

• Remains significant contributor to SCD.  Prevention remains 
paramount

• Sudden cardiac death while running along road age 52

• Autopsy revealed severe diffuse 3 vv CAD
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Context of SCD

Ackerman, M. Circulation. 2016;133:1006-1026



Context of SCD
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Shared Decision Making

Conclusions Although sports participation is a 

risk taking behavior in undiagnosed and 

untreated CPVT, the risk may be acceptable for 

a well-treated and well-informed athlete 

following the diagnosis of CPVT.



I want to die like my father did, peacefully in his 
sleep

Not screaming like the passengers in his car.



Tennessee SCD



Tennessee SCD

• Carment Burnette Act 2012 TN Jr/Sr High School
• Curriculum CPR

• SCA Prevention Act April 2015 (Public Chapter 325)
• Coaches for athletes ≤18 take course from TN DOH

• Players removed from field, evaluated prior to RTP

• Encourages AEDs

• House Bill 521 (2018) All public schools should have AED

• Project ADAM from Knoxville works with schools on PAD (public 
access defibrillator) programs



Final Thoughts

• High level of exertion, esp w/ competitive athletic 
participation predisposes at-risk individuals to higher 
incidence of sudden cardiac death. 

• Identification and management is paramount, although 
difficult

• Etiologies differ with age
• > 35 yo→ CAD

• < 35 yo→ idiopathic (autopsy negative), anomalous coronary, ARVC, 
or HCM predominate-- depending on research



Final Thoughts

• SCD in young remains a devastating event for families and 
the community

• SCD in young is rare, far outnumbered by trauma, but the 
public perception and call to action is great

• Shared-decision making will be an increasing part of sports 
cardiology, and all medicine

• Determining public policy which is reasonable, cost-
effective, and patient-centered is paramount
• Strategies of screening,  evaluation require careful thought

• AED availability and appropriate use likely are the greatest 
benefit
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Info on SCD

• Sudden Cardiac Awareness Foundation: education, resources  
https://www.sca-aware.org/

• SADS Foundation (Sudden Arrhythmia Death Syndrome) 
https://www.sads.org/

• National Institutes of Health www.nhlbi.nih.gov/health/health-
topics/topics/scda

• Parent Heart Watch offers education, resources and stories of survivors 
of youth SCA at www.parentheartwatch.org/Home.aspx

• Tennessee government 
https://www.tn.gov/health/news/2015/11/10/education-critical-to-
preventing-sudden-cardiac-arrest.html

https://www.sca-aware.org/
https://www.sads.org/
http://www.nhlbi.nih.gov/health/health-topics/topics/scda
http://www.parentheartwatch.org/Home.aspx
https://www.tn.gov/health/news/2015/11/10/education-critical-to-preventing-sudden-cardiac-arrest.html


Thank You
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ACC/AHA Recommendations (2007)

Personal history

1.   Exertional chest pain/discomfort

2.   Unexplained syncope/near-syncope not clearly attributable to 

neurocardiogenic mechanism

3.   Excessive and unexplained dyspnea/fatigue, associated with exercise

4.   Prior recognition of a heart murmur

5.   Elevated systemic blood pressure

Family history

6.   Premature death (sudden and unexpected) before age 50 years in ≥ 1 

relative

7.   Disability from heart disease in a close relative ≤ 50 years of age

8.   Knowledge of heritable CV disease:

(HCM/DCM, long-QT syndrome, Marfan syndrome, or clinically 

important arrhythmias)

AHA Guidelines



ACC/AHA Recommendations (2007)

Circulation 2007; 115:1643-1655

Physical examination

9.    Heart murmur

10.  Diminished or asymmetric femoral pulses (to exclude 

aortic coarctation)

11.  Physical stigmata of Marfan syndrome

12.  Asymmetric or elevated (>140/90 mmHg) brachial artery 

blood pressure

AHA Guidelines



Screening Principles
• The condition should be important (SCD)
• Treatment is available (or exclusion from sport as 

proxy) and that this reduces overall mortality
• Facilities for dx and treatment must be available
•A presymptomatic stage in the condition exists
•A suitable screening test must be available
• The test/exam should be acceptable to the 

population
•Natural hx of the condition must be understood
• Cost must be acceptable 



Corrado, JAMA 2006

Italian Data Screening ECG

Conclusion:

ECG-based screening is feasible and saves lives!! 

Open and Shut Case?



No apparent impact on mortality in Israel

JACC 2011

ECG Screening?  Not so fast…



JACC 2011

Italian vs Israeli Data



Problems with US ECG screening

• Low frequency occurrences and unpredictability

• Accessibility in all areas

• Variability in screening requirements
• Youth groups, HS, collegiate, professional

• States,  school districts

• Variability in screeners 

• Inadequate preparation of screeners

• Liability concerns

• Inability to enforce/monitor mandated guidelines



Harvard Athlete Initiative: 

Annals of Internal Medicine, 152:269-275



ECG Screening- US perspective

• Italian data was observational in nature
• Started with exceedingly high rates

• Implication has not been replicated elsewhere

• Of the 22 disqualified athletes, none died

• US population (300 million) 5 X  Italy
• Different disease characteristics

• Mortality rate similar to Italian data with ECG screen

• ECG is an imperfect test 
• 5-20% chance of abnormal ECG with many false pos

• Follow-up testing more of an issue in US 



ECG Screening Costs- US perspective

• Costs:  For 10 million middle and high schoolers
• $25 for H&P, $50/ECG = $750 million

• Assume an abnormal rate of 15%
• H&P by cardiologist ($100) and echo ($400) = additional $750 million

• Add overhead, tech fees, equipment

$2 billion annual costs

• Even assuming screening works, and at risk patients weren’t 
identified otherwise…

$ 3.4 million/death prevented

Medicare reimbursement rates



Legal / Ethical Issues

• Nay-sayers of ECG screening:
• Inherent risk is understood and accepted

• Impossible to achieve zero-risk

• In the big public health picture- low prevalence
• Assuming  a limited pot of money, should we spend this on other items?

• Societal double standard for competitive athletes

• Who is responsible?
• Individual/ physician?  

• Team/school/government?



AED

• Reliability called into question
• 72,000 device reports to FDA over 10 year span

• 111 recalls

• Leads to increased regulation

• States place more education and laws in place

Businesses are more reluctant to participate

Add to burden/cost of maintenance/training, replacement of 
pads/batteries



Screening- Considerations
• H&P pre-participation screening has limited capability to 

detect those at risk for SCD

• Inclusion of ECG as pre-participation is not endorsed 

• Pre-participation screening on a mass scale in the US is 
evolving and challenged by logistics, manpower, costs

• Success in screening difficult to measure: rare events

• Individuals screened positive/barred from sports 
participation may

• Never arrest and be unnecessarily barred from sports
• Get invasive treatment with complications (implantable cardioverter defibrillators or ICD)

• Die at rest or from ASCVD  due to sedentary lifestyle and obesity

• Barred from future employment (military service)

• Individuals screened negative may
• Still arrest /die, not all causes SCD found with ECG (ACA, Catech V-Tach)



Management- Considerations

• True incidence/COD in US unknown: no mandatory SCD registry

• Practitioners should adhere to published guidelines/expert 
statements  (e.g. AHA recommendations)

• Use published guidance for exercise recommendations in those 
with cardiac pathology  (ie. ACC/AHA Eligibility Guidelines)

• Just as important as pre- event planning is post-event planning.  

• Emergency action plans at athletic events that incorporate an 
AED and a broad plan for EMS are paramount

• Decisions are best made by clinicians at bedside with the patient
• Careful to not be influenced by external forces and third-party interests



Sudden Cardiac Death: 
Prevention

Not so fast……At least not in the US !!!

Not Prospective Scientific Data

Disease Prevalence

Health Care System

Test Accuracy 



Sudden Cardiac Death: 
Additional Data

•~1500 athletes

•H & P + ECG on all 

•ECG + in 19%

•Detection of 8 pathologic conditions

•395 Additional tests

•Similar cost / finding

•~1000 athletes

•H & P + ECG + Echo on all 

•ECG “distinctly” + in 10%

•Detection of 9 pathologic conditions

•Black and females more ECG+

•Echo not incrementally useful

Heart Rhythm 2011 Am J Med 2011



Evaluating A Screening Program

Attribute 
Pre-participation 

Screening in Athletes

Screening

+       ?       -

The Condition: Sudden Cardiac Death

Severity Tremendous

Prevalence Very Rare

Early Stage Detection (+) Yes / Maybe

Early > Late Detection Yes

Treatment Efficacy Yes

The Screening Test: History & Physical

Sensitivity ?? 

Specificity ??

Reliability Good (?)

Cost/Benefit ??



Kim et al. NEJM 2012

MALE MARATHON RUNNERS

2000-2004 2005-2010 P-value

0.71 2.03 0.01

Incidence



Kim et al. NEJM 2012

Cardiac Arrest ≠ Fatality…29% Save Rate

Mortality Incidence: 

M=0.63 (0.41,0.93) : 100,000 runners

F=0.25 (0.14,0.39) : 100,000 runners

Race Distance:

Marathon=0.62 (0.43,0.86) : 100,000 runners

½ Marathon=0.14 (0.06,0.29) : 100,000 runners



Sudden Cardiac Death in Athletes: 

16 yo female swimmer with lightheadness
Causes



Sudden Death in the Young

Maron Corrado US Military

n=286 n=277 n=108

Age 17 (9-40) 23 (12-35) 21 (18-35)

Region Registry Italy US military

Hypertrophic cardiomyopathy 102 (35.7%) 23 (  8.3%) 8 ( 7.4%)

Anomalous coronary artery 37 (12.9%) 8 (  2.9%) 21 (19.4%)

Atherosclerotic CAD 10 (  3.5%) 58 (20.9%) 10 (  9.3%)

Right ventricular dysplasia 11 (  3.8%) 37 (13.4%) 1 (  0.9%)

Structurally normal hearts 71 (25.6%) 44  (40.7%)

Maron BJ, et al. J Am Coll Cardiol 2003;41:974–80  Corrado D, et al. J Am Coll Cardiol

2003;42:1959–63  Eckart RE, et al. Ann Int Med 2004;141:829– 834 
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