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Care of the Athlete
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Which Athletes Are Highest Risk?



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 

Incidence of Male vs. Female SCA/D

- Males are at 4x the risk of Females

- 86% of deaths occurred in Males 

*Included both SCA and SCD



Å Looked at NCAA college athletes 

Å Used similar databases

Incidence of SCD in Athletes by 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 ς 2018 College 1:18,000
(males)

1:39,000
(males)

2.10



Incidence, Etiology and Comparative Frequency 

of NCAA Athletes: A Decade in Review

Harmon, Circulation, 2015

Sport Incidence

aŜƴΩǎ ōŀǎƪŜǘōŀƭƭ1 in 8,978

aŜƴΩǎ ǎƻŎŎŜǊ 1 in 23,689

aŜƴΩǎ Cƻƻǘōŀƭƭ1 in 35,951

aŜƴΩǎ {ǿƛƳƳƛƴƎ1 in 42,784

aŜƴΩǎ /Ǌƻǎǎ-country 1 in 42,857

aŜƴΩǎ [ŀŎǊƻǎǎŜ1 in 45,850

²ƻƳŜƴΩǎ /Ǌƻǎǎ-country 1 in 47,089

²ƻƳŜƴΩǎ ±ƻƭƭŜȅōŀƭƭ1 in 49,217

aŜƴΩǎ .ŀǎŜōŀƭƭ1 in 50,023

NCAA Athletes 1 in 53,703

²ƻƳŜƴΩǎ {ǿƛƳƳƛƴƎ1 in 57,611

²ƻƳŜƴΩǎ ōŀǎƪŜǘōŀƭƭ1 in 77,061

aŜƴΩǎ ǘǊŀŎƪ 1 in 120,521



Comparison of Incidence Data in Male Sport
Maron 

2002-2011
(NCAA)

SCD

Harmon
2003-2013

(NCAA)
SCD

Peterson
2014-2018

(NCAA)
SCA/D

Harmon
2007-2011

(high school)
SCA/D

Peterson
2014-2018

(high school)
SCA/D

Malhotra
1996-2016

American 
Football

1:39,000 1 :36,000 1:83,000

Black 1:28,000

White 1:20,000

Male 
basketball 

1:9,000 1:37,000 1:40,000

Black 1:5,000 1:5,000

White 1:15,000 1:15,000

Male soccer 1:24,000 1:89,000 1:15,000



Which Athletes Are Highest Risk?

Male athletes 

Black athletes 

Male basketball, 
Soccer and 
American 
football athletes 



Sudden Cardiac Death in 
Young Athletes 

Chandra et al: JACC 61:1027, 2013

Structural 
Abnormalities

Hypertrophic cardiomyopathy
RV cardiomyopathy

Artery anomalies
Marfan syndrome

Valve disease

Electrical 
Abnormalities

Wolff Parkinson White syndrome
Long QT syndrome 
Brugada syndrome

CPVT

Acquired 
Abnormalities

Infection (myocarditis)

Trauma (commotio cordis)

Drugs 

Environment (heat/cold)



Maron BJ et al. Circulation. 1996;94:850-56.

HCM

(36%)

Congenital coronary

anomalies

(19%)

Mildly increased cardiac mass

(10%)

Ruptured aorta 5%

Tunnelled LAD 5%

Aortic stenosis 4%

Myocarditis 3%

Dilated cardiomyopathy 3%

ARVC 3%

MVP 2%

CAD 2%

Other 6%

Traditional etiologies of SCD in Athletes (<40 years)

1980 - 2005

Multiple updates: 

2007, 2009, 2016

N = 2406

Confirmed CV deaths = 840+

The data and message remains 

largely unchanged



Contemporary Estimates of SCD
- > challenge prior data 

Other, 6%
Chennelopathy, 3%

HCM, 3% Possible 
HCM/LVH, 8%

ARVC, 3%

Dilated CM, 8%

Coronary Artery 
Abnormality, 14%

SUD, 31%

MI, 5%

Myocarditis, 8%

Aortic Dissection, 
8%

Other, 6%

Possible 
HCM/LVH/SCT, 3% NCAA HCM, 

6%

Possible 
HCM/LVH, 1%

ARVC, 1%

Dilated CM, 1%

Coronary Artery 
Abnormality, 

27%

SUD, 30%

MI, 9%

Myocarditis, 
12%

Other, 13%

US Military

Eckart RE et al. Ann Intern Med. 2004;141:829-834.

Harmon KG et al. Circ Arrhythm Electrophysiol. 2014;7:198-204.

De Noronha SV et al. Heart. 2009;95:1409-1414.

Other, 5%

HCM, 12%

Possible 
HCM/LVH, 25%

ARVC, 
10%

Coronary Artery Χ

SUD, 29%

MI, 8% Myocarditis, 3%

United Kingdom

FIFA
2014-2018



How to identify those at highest risk?



Á HS, Collegiate, Elite/Pro

Á PPE CV screening

Á Comprehensive personal,  

family history and physical 

exam

Á AHA 14-point

Á Additional testing
Á ECG, Echocardiogram, Cardiac MRI

Preparticipation evaluations



ά¢ƘŜ !ƳŜǊƛŎŀƴ IŜŀǊǘ !ǎǎƻŎƛŀǘƛƻƴ ǊŜŎƻƳƳŜƴŘǎ ǘƘŀǘ ǎƻƳŜ ŦƻǊƳ ƻŦ ǇǊŜǇŀǊǘƛŎƛǇŀǘƛƻƴ 
cardiovascular screening for high school and collegiate athletes

August 1996



ά¢ƘŜ !ƳŜǊƛŎŀƴ IŜŀǊǘ !ǎǎƻŎƛŀǘƛƻƴ ǊŜŎƻƳƳŜƴŘǎ ǘƘŀǘ ǎƻƳŜ ŦƻǊƳ ƻŦ ǇǊŜǇŀǊǘƛŎƛǇŀǘƛƻƴ 
cardiovascular screening for high school and collegiate athletes

August 1996

ÿWe conclude that a complete and careful personal and family history and 
physical examination . . . is the best available and most practical approach 

up tdsffojoh qpqvmbujpot pg dpnqfujujwf tqpsut qbsujdjqboutĀ

ÿThe standard history and physical examination intrinsically lack the capability 
to reliably identify many potentially lethal cardiovascular abnormalities. 

Indeed, it is an unrealistic expectation that screening can reliably exclude most 
important cardiac lesions.Ā





Comparison of Screening Strategies 
for Elite Athletes

IOC/
USOC

FIFA MLB MLS NBA/
WNBA

NFL NHL Premier
League

Combine X X X

H&P · · X X X X · X

ECG X X X X^ X X X X^

Echo X X X X X^

Stress test
ECG

X* X*

Stress Echo X

Additional
Testing 

As needed

X X X X X X X X

ᾯ Unique H&P; others use AHA

^ Every 2 years

* Stress ECG if >35 years old







*

*

*
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Baggish AL, Journal of Electrocardiology 2015; 48:324ï328



Methodology to classify athlete ECG 

DISEASE PROBABILITY

LOW (<5%)

LOW (<5%)

HIGH (>5%)

NORMAL

BORDERLINE

ABNORMAL

PREVALENCE IN THE 
HEALHTY ATHLETE

HIGH (>5%)

LOW (<5%)

LOW (<5%)



The Evolution of ECG Interpretation Criteria

ESC 

2005

ESC 

2010
Seattle 

Criteria
International 

Criteria 
False 

Positive 
Rate

15-20% 10-15% 3ς6% 1ς2%

Courtesy of K Harmon et al



2017 International recommendations



The good, the bad and the uncertain

Prevalence Specificity Utility Impact

HCM +++ +++ Good ?

LQTS + ++/+++ OK ?

ARVC + + Poor ?

Anomalous 
coronaries

++/+++ - Poor ?

Brugada + ++ Poor ?



Å 11,168 English 15-17yr old soccer player

Å Mandatory H&P, ECG and Echo

Å 20 yr study period

Å 225 (2%) with congenital, valve disorders

Å 42 (0.38%) with findings assoc with SCA

NEJM Sharma 2018Malhotra A. Br J Sports Med 2019.



NEJM Sharma 2018

23 died 

8 deaths from cardiac causes

7 (88%) due to cardiomyopathy
 

 6 were not identified by screening

Malhotra A. Br J Sports Med 2019.



Improvement in diagnosis
- No improvement in survival ς

Malhotra A. Br J Sports Med 2019.

Potential risk of harm



Hyde N. J Electrocardiol 2019.

Å 5,258 NCAA athletes (73% White, 16% Black)

Å 1.6% abnormal by International Criteria; 1.3% false positive (overall)

Å 11,168 soccer players

Å 1.8% abnormal by 
International Criteria; 1.5% 
false positive (overall)

Å 1.4% White vs. 3.3% Black false 
positive

Å 95% Male

Å 91% White vs. 9% Black

Malhotra A. Br J Sports Med 2019.



CONSIDER 
UNINTENDED

CONSEQUENCES

JAMA Cardiol.2018;3(1):69-74. 

11/519 = 
2%

65/519 = 
12.5%

JAMA Cardiol.2018;3(1):69-74. 

409/519 = 78%



Applications in a 
Diverse population



Alessandro Zorzi ςAlessandro.zorzi@unipd.it

ECG utility Issues 
& possible solutions

False positives(a low % is acceptableand inevitable):
- Furtherrefiningthe criteriabasedon new evidence
- Bettereducation
- Use of artificial intelligence?

False negatives(unacceptableand dangerous):
- Further refining the criteria based on new evidence
- Repeat the ECG periodically (particularly in the peri-pubertal phase)
- Use of artificial intelligence?

THE SOLUTION TO MY PROBLEMS



AI in Cardiology



850 HCM patients

MMC Database

80% accuracy

99% specific

68% sensitive

Viz HCM Algorithm Performance By Race

0.987

73.3%

98.9%

AUC: 

Sensitivity:

Specificity:  

ASIAN

0.981

64.5%

99.2%

BLACK

1.000

100%

98.2%

HISPANIC

0.972

66.8%

99.1%

WHITE

OVERALL: Sensitivity: 68.4%; Specificity: 99.1%; PPV 13.7%
AUC* = area under the curve
PPV* = positive predictive value
Source: FDA filing







Cardiac 
Imaging



Myocardial 

Thickening

Left Chamber 

Dilation
Right Chamber 

Dilation

Athlete Structural Changes
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Physiologic 

LVH
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Myocardial 

Thickening

Left Chamber 

Dilation
Right Chamber 

Dilation

Athlete Structural Changes

Physiologic 

LVH

Physiologic 

RV Dilation

Physiologic 

cLVH, eLVH

Gray-Zone



Myocardial 

Thickening

Left Chamber 

Dilation
Right Chamber 

Dilation

Athlete Structural Changes

Physiologic 

LVH

Physiologic 

RV Dilation

Physiologic 

cLVH, eLVH

DCM

Valvular Heart 

Disease

HCM

Hypertensive

Infiltrative

ARVC



EKG
ECHO

LVH

Atrial       
Enlargement

HCM

RV Dysplasia

Electrical 
Rhythms

WPW

Long QT

PVCs

LBBB

Axis 
Deviation

Brugada

Dilated Aortic Root

Aortic 
Aneurysm

Coronary Origin 

Bicuspid Valve

Mitral Valve 
Regurgitation

Aortic 
Insufficiency

Atrial 
Septal 
Defect

PFOs                                              
& 

PDAs

RV Dysplasia

Chamber 
Dimensions

DCM

Pericardial 
Effusion

Other Electrical 
Abnormalities  

Other 
CardiomyopathiesS
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Barriers to Participation 



Abnormal ECG Office 
visit

Imaging RTP

Athletic season

Athlete assessment

Abnormal 
ECG

Office 
visit

Imaging RTP

Abnormal 
ECG

Office 
visit

Imaging RTP

Abnormal ECG Office 
visit

Imaging RTP



Athlete Screening
Å Here to stay ς ECG most often included.

Å Echo imaging for higher risk groups
Å Age to start? How often? Repeat?

Å Expert review
ïWho, When, How to handle any findings?

Å Goals?
ïSafety, disqualification, medical/legal?

    Diagnosis Ą

         Risk assessment Ą
                           Develop a surveillance/safety plan



Purpose of CV Screening 

ÅThe primary goal of cardiovascular 
screening in competitive athletes is 
to identify cardiac disorders 
predisposing to SCA/D with the 
intent of mitigating risk through 
individualized, patient -centered 
and disease -specific medical 
management .



2005

Moving away from: 
ά5ƛǎǉǳŀƭƛŦƛŎŀǘƛƻƴέ
άLƴŜƭƛƎƛōƭŜέ
άbƻǘ ŀƭƭƻǿŜŘέ

Eligibility Recommendations

Playing with Cardiovascular Disease



2015

2005

2019

Guidelines now indicate we need more than yes or no.
-> Advocate risk assessment

Eligibility Recommendations
Playing with Cardiovascular Disease


