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1. Risk of Sudden Cardiac Death in Athletes

2. Cardiac Etiologies Associated with Sudden Cardiac Death 
in Athletes

3. The Changing Landscape of Sports Cardiology…We’ve 
Only Just Begun!
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Author Year Age of 
cohort

# Male
SCA/D

Person-Years Male 
Incidence

# Female 
SCA/D

# Female 
Person-

years

Female 
Incidence

Corrado 2003 12-35 46 1,904,490 1:41,402 5 464,100
1:92,820 

Toresdahl* 2014
high 

school
16 924,000

1:57,750 
2 652,828

1:326,414 

Harmon 2015 college 64 2,418,563
1:37,790 

15 1,823,899
1: 

121,593 

Harmon 2016
high 

school
92 4,124,525

1:44,832 
12 2,850,115

1:237,510 

Peterson* 2020
high 

school
176 7,732,032

1:43,932 
28 5,706,008

1: 
203,786 

college 32 1,116,992
1:34,906 

7 862,946
1:123,278 

Total 426 18,220,602 1:42,771 69 12,359,896 1:179,129 

- Males are at 4x the risk of Females
- 86% of deaths occurred in Males 

*Included both SCA and SCD

Table courtesy of Matt Martinez

Incidence of SCA/D in Men Versus Women



*Rigorous case ID (3 mechanisms)

Table courtesy of Matt Martinez

Incidence of SCD by Self-Identified Race

Study
Year

Published
Years 

Studied
Age Black White

Relative
Risk

Maron 2014 2002 - 2011 17-26 1:26,000 1:143,000 5.50

Harmon* 2015 2003 - 2013 18-26 1:21,000 1:68,000 3.23

Peterson 2020 2014 – 2018 College 1:18,000
(males)

1:39,000
(males)

2.10



• Database of all NCAA deaths 2003-
2013

• Most common medical cause of 
death was CV

• Males higher risk vs. females
• Black athletes at higher risk vs. White 

athletes (1:21,491 AY vs. 1:68,354 AY)
• Men’s basketball at highest risk 

(1:8,978 AY)

Harmon KH. Circulation 2015.



Structural 
Abnormalities

Hypertrophic cardiomyopathy
ARVC

Coronary artery anomalies
Marfan syndrome
Valvular disease

Electrical 
Abnormalities

Wolff Parkinson White syndrome
Long QT syndrome 
Brugada syndrome

CPVT

Acquired 
Abnormalities

Infection (myocarditis)
Trauma (commotio cordis)

Toxins/Drugs 
Environment (heat/cold)

Adapted from Chandra N. J Am Coll Cardiol 2013.



Maron BJ. Circulation 2014.



Maron BJ. Circulation 1996.

HCM
(36%)

Congenital coronary
anomalies

(19%)

Mildly increased cardiac mass
(10%)

Ruptured aorta 5%

Tunneled LAD 5%

Aortic stenosis 4%

Myocarditis 3%

Dilated cardiomyopathy 3%

ARVC 3%

MVP 2%
CAD 2%

Other 6%
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MI, 9%

Myocarditis, 
12%

Other, 13%

US Military FIFA, 2014-2018

Eckart RE. Ann Intern Med 2004.
Harmon KG. Circ Arrhythm Electrophysiol 2014.
De Noronha SV. Heart 2009.Pie charts courtesy of Matt Martinez



• Acute Plaque Disruption 

-Possible mechanisms include increased 
wall stress,
exercise-induced coronary artery spasm

• Ventricular Arrhythmia
-At the site of scar or peri-infarction 
ischemic tissue

Thompson PD. Circulation 2007.



Kim JH et al. N Engl J Med 2012;366:132-42 



• Autosomal dominant with variable penetrance 
• LVH in absence of of elevated loading 

conditions, and with myocardial disarray on 
pathology

• Sudden death often first clinical manifestation 
of the disease

• Prevalence 1:500 (0.2%)
• Overall risk of SCD ~ 1% per year














Sharma S. J Am Coll Cardiol 2017.



 Database of 6,372 athletes, 155 (2.4%) with TWI (≥2 leads and 2 mm depth) 
accrued between 2008-2013

 84% combination of inferior / lateral
 45% with established cardiac disease 

- Echo diagnostic in 54% of positive cases, CMR additional 24 cases
 5 (7.2%) progressed to CM (follow up 8-30 months)

Schnell F. Circulation 2015.



• Most common anomalies include the left 
coronary arising from the right sinus of Valsava 
and the right coronary arising from the left sinus 
of Valsava

• Diagnosis by ECG and echo is LIMITED, need high 
index of suspicion

• Gold standard for diagnosis: MRA/CTA





Outcomes Registry for Cardiac Conditions in Athletes (ORCCA)

Petek BJ. JACC Cardiovasc Imaging 2022



• Fibro-fatty replacement of 
myocardium in the inflow tract, 
outflow tract, and/or apex of the RV

• Right ventricular dilatation, 
dysfunction, aneurysms

• Prevalence 1:5,000 in the general 
population

• Mutations in genes encoding 
cardiac desmosomal proteins

• 5-fold higher risk of SCD during 
competitive sports

Corrado D. J Am Coll Cardiol 2003.



James CA. J Am Coll Cardiol 2013.





 Cardiac injury is common with severe SARS-CoV-2 infection 
(hospitalized), ~17% (22% ICU)

Driggin E. J Am Coll Cardiol 2020

 Worse outcomes with cardiac injury; cardiac injury more common in 
patients with underlying CV disease

Guo T. JAMA Cardiol 2020

 Older patients with pre-existing co-morbidities and hospitalized at 
higher risk

Driggin E. J Am Coll Cardiol 2020
Guo T. JAMA Cardiol 2020
Clerkin KJ. Circulation 2020



Phelan D*, Kim JH*. JAMA Cardiol 2020        

May 2020

Kim JH. JAMA Cardiol 2020

October 2020



Martinez MW. JAMA  Cardiol 2021



Moulson N. Circulation 2021

 3,018 NCAA student athletes (42 universities, 19,378 tested) 
with COVID-19; majority tested with standard triad

 198 with screening CMR
 Cardiac involvement in 21/3,018 (0.7%); 6/198 (3%) with 

screening CMR
 CMR diagnostic yield 4.2x higher if clinically indicated study





1. Asymptomatic, mild COVID-19, or moderate disease 
WITHOUT cardiopulmonary symptoms: CV risk stratification 
unnecessary

2. If cardiopulmonary symptoms are present (or persistent), CV 
assessment warranted

3. More extensive testing (CMR) reasonable to consider with 
abnormal baseline tests,  persistent/recurrent symptoms, 
but NOT as first line screening modality

4. Applies to any athlete, no differences by specific populations 
(ex. high school, Masters, etc.)



Gluckman TJ. J Am Coll Cardiol 2022



 3-6 months of exercise abstinence with confirmed 
myocarditis

 11 athletes in Big 10 Registry with repeated CMR 
demonstrated resolution of all abnormal findings in median 
8-weeks

Daniels CJ. JAMA  Cardiol 2021

 RTP requires absence of symptoms, resolution of myocardial 
inflammation, normal LV function, absence of spontaneous 
or inducible cardiac arrhythmias







Friedman EM. ACC.org





Johnson, Ackerman



Martinez MW. J Am Coll Cardiol 2021



Kim JH. JAMA Cardiol 2022



Outcome Registry for 
Cardiac Conditions in Athletes



Figure prepared by Grant AJ, Krishnan S, Chukumerije M, Guseh JS, Kim JH 



Emery MS. JACC Heart Fail 2018.



1. Focus on OUTCOMES of athletes with CV risk and disease
2. Focus on QUALITY- do you trust your sports/team 

cardiologist? We must focus on education, quality metrics 
and access

3. Focus on LONGITUDINAL ASSESMENTS of athletes
4. Focus on RESEARCH on areas of clinical uncertainty
5. Focus on SHARED DECISION-MAKING
6. Focus on messaging EMERGENCY ACTION PLANNING
7. Focus on CHALLENGES looking ahead (disparities)



jonathan.kim@emory.edu

Twitter: @jonathankimmd
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