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Athlete - Collegiate
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Care of the Athlete

Emery MS, Kovacs RJ. Sudden cardiac death in athletes. JACC Heart Fail 2018;6:30-40



J Am Coll Cardiol 2017;70:1902-18



Which Athletes Are Highest Risk?



Incidence, Etiology and Comparative Frequency 
of NCAA Athletes: A Decade in Review

Harmon, Circulation, 2015

Sport Incidence
Men’s basketball 1 in 8,978
Men’s soccer 1 in 23,689
Men’s Football 1 in 35,951
Men’s Swimming 1 in 42,784
Men’s Cross-country 1 in 42,857
Men’s Lacrosse 1 in 45,850
Women’s Cross-country 1 in 47,089
Women’s Volleyball 1 in 49,217
Men’s Baseball 1 in 50,023
NCAA Athletes 1 in 53,703
Women’s Swimming 1 in 57,611
Women’s basketball 1 in 77,061
Men’s track 1 in 120,521



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



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



• Looked at NCAA college athletes 
• 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 – 2018 College 1:18,000
(males)

1:39,000
(males)

2.10



Which Athletes Are Highest Risk?

Male athletes 

Black athletes 

Basketball, 
Soccer 
& 
American football



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)

http://en.wikipedia.org/wiki/File:Wiki_Heart_Antomy_Ties_van_Brussel.jpg


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 …

SUD, 29%

MI, 8% Myocarditis, 3%

United Kingdom

FIFA
2014-2018



How to identify those at highest risk?



 HS, Collegiate, Elite/Pro
 PPE CV screening
 Comprehensive personal,  
family history and physical 
exam
 AHA 14-point

 Additional testing
 ECG, Echocardiogram, Cardiac MRI

Preparticipation evaluations



“The American Heart Association recommends that some form of preparticipation 
cardiovascular screening for high school and collegiate athletes

August 1996



“The American Heart Association recommends that some form of preparticipation 
cardiovascular screening for high school and collegiate athletes

August 1996

“We conclude that a complete and careful personal and family history and 
physical examination . . . is the best available and most pr actical appr oach 

to scr eening populations of competitive spor ts par ticipants”

“The 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.”







Accuracy
Sensitivity 
Specificity



The Evolution of ECG Interpretation Criteria

ESC 
2005

ESC 
2010

Seattle 
Criteria

International 
Criteria 

False 
Positive 

Rate
15-20% 10-15% 3–6% 1–2%

Courtesy of K Harmon et al



The good, the bad and the uncertain

Prevalence Specificity Utility Impact

HCM +++ +++ Good ?

LQTS + ++/+++ OK ?

ARVC + + Poor ?

Anomalous 
coronaries

++/+++ - Poor ?

Brugada + ++ Poor ?



• 11,168 English 15-17yr old soccer player
• Mandatory H&P, ECG and Echo
• 20 yr study period
• 225 (2%) with congenital, valve disorders
• 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 –

Potential risk of harm
Malhotra A. Br J Sports Med 2019.



Hyde N. J Electrocardiol 2019.

• 5,258 NCAA athletes (73% White, 16% Black)
• 1.6% abnormal by International Criteria; 1.3% false positive (overall)

• 11,168 soccer players
• 1.8% abnormal by 

International Criteria; 1.5% 
false positive (overall)

• 1.4% White vs. 3.3% Black false 
positive

• 95% Male
• 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. 



Cardiac Imaging
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Myocardial 
Thickening
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Right Chamber 
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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



Comparison of Screening Strategies 
for Elite Athletes

IOC/
USOC

FIFA MLB MLS NBA/
WNBA

NFL NHL Premier
League

Combine X X X

H&P Xʵ Xʵ X X X X Xʵ 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

ʵ Unique H&P; others use AHA
^ Every 2 years
* Stress ECG if >35 years old



Sports Cardiology

Physiology Pathologyvs.

Knowing this is a MUST For Athlete Evaluations



Athlete Screening
•  Here to stay – ECG most often included.
•  Echo imaging for higher risk groups
•  Age to start? How often? Repeat?
•  Expert review

–Who, When, How to handle any findings?
•  Goals?

–Safety, disqualification, medical/legal?
    Diagnosis 
         Risk assessment 
                           Develop a surveillance/safety plan



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



Purpose of CV Screening 

• The 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: 
“Disqualification”

“Ineligible”
“Not allowed”

Playing with Cardiovascular Disease
Eligibility Recommendations



2015

2005

2019

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

Playing with Cardiovascular Disease
Eligibility Recommendations



Paradigm Shift in Sports Cardiology

Cardiac Screen • H&P +/- ECG, TTE

Positive Screen
• Pathology 

identified 
relevant to sport 
participation

Diagnose • In expert hands
• Treat if required

Risk Stratify • In expert hands

Shared 
Decision 

Making on RTP

•Ongoing
•Multiple 

stakeholders 

PPE

Negative 
Screen

Cleared

Positive 
Screen

Disqualified

Diagnosis 
confirmed

Cardiac 
Screen

Traditional

Contemporary



Shared 
Decision Making

Paternalistic Informed Choice
Shared 

Decision 
Making

Patient well informed (Knowledge) 

Knows what’s important to them 
(Patient values elicited)

Decision consistent with values 

SDM is an approach where clinicians and patients make 
decisions together using the best available evidence.

(Elwyn et al. BMJ 2010)



SDM in Sports Cardiology







Exercise increases the risk of ventricular arrhythmias and worsens RV function

Shared Decision-Making
Low Risk for All

Exercise and Arrhythmogenic RV Cardiomyopathy



Shared Decision-Making in Cardiovascular Disease

LQTS

• Low rate of cardiac events and 
no deaths in over 650 athlete-
years of follow-up

• No cardiac events and no deaths 
in treatment-compliant 
children with LQTS in 755 
patient-years of follow-upJACC 2015

BJSM 2013



Ommen et al. Circulation. 2020;142:e558-e631.



Benefits of Exercise in HCM

• Improved exercise tolerance, increased V02 
max.

• Potential for improved LV remodeling, increase 
in LV and RV end diastolic volume, improved 
diastolic function.

• Psycho-social benefits 
• Overall health benefits (weight loss, improved 

metabolic profile



Case Presentation
17 y.o elite Caucasian Female 
 American Soccer midfielder
Asymptomatic. 
No prior syncope, CV limitations.
No family hx of cardiomyopathy or sudden 
cardiac arrest.

Preparticipation screening evaluation 
including ECG.
ECG was abnormal.



Sinus bradycardia
Normal QTc
TWI II, III, aVF, V3-V6

No prior ECG 

Electrocardiogram

Referred for ECHO



ECHO
• Normal biventricular size and function.  
• LVEF = 65%. 
• Normal wall motion. No valve disease: SAM or 

MVP. Abnormal diastolic function
• 17mm septal thickness.

• Exercise Echo – 16minutes + sprints; no 
arrythmias or obstruction, Normal HR and BP 
response

• 48hr Ambulatory monitor: Rare PVCs



2-Chamber

3-Chamber

CMR

• LVEF = 75%. 
• No SAM
• 18mm septum
• No LGE



Athlete with SCA Risk

Would YOU allow this athlete with 
screening-based, incidentally 

detected HCM (asymptomatic) to 
continue with his/her competitive 

sport?

1. YES
2. NO
3. MAYBE



Physical Activity Among HCM Patients
.

In clinical practice, the message of physical activity 
has been confusing

Task Force 8



Physical Activity Among HCM Patients
.

In clinical practice, the message of physical activity 
has been confusing

–Less active than the general U.S. population
–60% believe exercise restrictions negatively impact 

emotional well-being
–Greater psychological morbidity overall but more 

so among:
• Elite or competitive athletes
• Those who decrease time spent exercising

–55% do not meet minimum guidelines for physical 
activity

Reineck E. et al. Am J Cardiol. 2013;111:1034-39.
Luiten, R. et al. Open Heart 2016;3:e000488.
Sweeting J. et al. Open Heart 2016;3:000484.



Exercise in HCM
The Randomized Exploratory Study of Exercise Training 

in Hypertrophic Cardiomyopathy (RESET-HCM)

•136 patients with HCM; mean age 50.4 years
•Randomly assigned to 16 weeks of moderate-intensity 
exercise training or usual activity 

•Moderate-intensity exercise resulted in a significant but 
small increase in exercise capacity (+1.35 mL/kg/min) 

•No adverse events (sustained ventricular arrhythmia, 
SCA, appropriate defibrillator shock, or death) in either 
group

2017



Athletes with HCM

•35 athletes with HCM; mean age 32 
•33 (94%) white
•31 (88%) low risk by ESC risk score
•Mean observation 9 years 
•1 SCA occurred (amateur tennis player while walking)
•No difference in the incidence of symptoms or events 
among patients who stopped or continued sport 
competitions

2018





SDM in Sports Cardiology1. Am I the right person to 
be doing this?

2. Respect the patient wishes. 
All parties must be in agreement! 

Who makes the final decision?

3. All coaches/trainers informed and 
prepared. Athlete engaged in their own 

safety, may need a personal AED.

4. Document: Discussed risk and 
potential for harm even with an AED. 

Plan for surveillance  ?change in risk.



All parties in agreement:
Expert Provider, Patient, Family and 

the University/Institution

Who makes the final decision?



Shared Decision 
Making

Based on evidence, 
expert review. 

NOT – because I said so.



ATHLETE Treating 
PHYSICIAN

Team Physician
    Incorporates Best Practices
Expert Consults/ Guidelines
 Interests of athlete, school

RTP/Exercise Plan

Expert 
Consultants

Societal
Guidelines

Sports 
Cardiologist/

Disease Expert

Updated 
and current



Ommen et al. Circulation. 2020;142:e558-e631.



Clinical Risk Factors for HCM Sudden Cardiac Arrest

Family history of sudden death from HCM

Massive LVH (>30mm)

Unexplained syncope

HCM w/ LV systolic dysfunction (EF <50%)

LV apical aneurysm

Extensive LGE on CMR

NSVT on ambulatory monitor



2019

• 2094 patients with HCM
• Mean follow-up 4.7 years
• 12 of 1567 (0.8%) had SCA
• 527 received primary prevention ICDs
• Very low annual mortality. 99% survival without ICD
• 20 patients w/ ICD interventions -> 85% had LGE

Risk stratification and prevention model averted nearly all SCD

Enhanced ACC/AHA clinical risk factor strategy for 
predicting SCD events was 95% sensitive



EXERCISE IN GENETIC CARDIOVASCULAR 
DISEASE

(LIVE-HCM)

Aim 1: Incidence arrhythmic events  over 3 years
Comparison moderate or vigorous exercisers vs sedentary

Aim 2: Quality of life 
Comparison moderate or vigorous exercisers vs sedentary

Age 8-60 years, with OR without ICD
Any level exercise

3 years of follow up

NIH R01 HL125918-01



Return-to-Play for Elite Level Athletes 
With Sudden Cardiac Death 

Predisposing Heart Conditions
Katherine A. Martinez, J. Martijn Bos, MD, PhD, Darrel B. Newman, MD,                

Julie Haylett, Bradley Petek, MD, Dermot M. Phelan MD, PhD, Aaron Baggish, MD, 
Michael J. Ackerman, MD, PhD, and Matthew W Martinez, MD.

American College of Cardiology
New Orleans, LA

March 2023



RTP for Elite Level Athletes With Sudden Cardiac 
Death Predisposing Heart Conditions

• 49 (64%) Division I and 27 (36%) 
professional athletes.

• 55 athletes (72%) were initially 
disqualified but opted to RTP after 
comprehensive clinical evaluation 
and SDM.

• 73 out of 76 athletes (96%) chose to 
RTP.

• 1 patients (1.3%) had ≥ 1 
breakthrough cardiac event (BCE) 
with exercise, 2 (2.6%) without 
exercise. 

• NO deaths.

K Martinez, JACC 2023
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RTP for Elite Level Athletes With Sudden Cardiac 
Death Predisposing Heart Conditions

K Martinez, JACC 2023

• 49 (64%) Division I and 27 (36%) 
professional athletes.

• 55 athletes (72%) were initially 
disqualified but opted to RTP after 
comprehensive clinical evaluation 
and SDM.

• 73 out of 76 athletes (96%) chose to 
RTP.

• 1 patients (1.3%) had ≥ 1 
breakthrough cardiac event (BCE) 
with exercise, 2 (2.6%) without 
exercise. 

• NO deaths.
Conclusion:

After careful evaluation by an expert, risk stratification, and 
SDM, an exercise plan can be put into place for Division I and 

professional athletes to RTP. 



Playing with HCM
•Patient/player autonomy in health care 
      decisions is important 
•Absolute risk is difficult to quantify for all
•Risk avoidance/acceptance is individual decision

•Potential harms of disqualification:
•Loss of self-identity
•Loss of scholarship/education
•Loss of income
•Depression/mental health concerns



Symptoms

Exercise 
testing 

performance

Disease 
SCA Risk 
Factors

Age, Sex

Patient 
Risk 

Aversion
Sport Being 
Considered

CV disease 
characteristics

CV disease
Exercise 

plan



Aerobic 
Exercise

Weight 
Training

DietHydration

Control 
CAD risk 
factors

Safe 
Environment 
 AED

CV disease
Exercise 

plan







ASCVD Cardiovascular
Adaptations

Valve 
Disease

ArrhythmiaSymptoms

Athlete Evaluation

Clinical Decision

Shared Decision-Making Discussion 



NO perfect evaluation process

Initial Arrhythmic 
Event

Low Risk
No Risk



Keyontae Johnson
 2020 collapse

Bronny James Damar Hamlin



Sudden Cardiac Arrest 
Management

Pre-participation assessments are never perfect
EAP and AED are still important

Signs of cardiac arrest:
Sudden non-contact collapse, passed out athlete



Care of the Athlete

Emery MS, Kovacs RJ. Sudden cardiac death in athletes. JACC Heart Fail 2018;6:30-40



Sports Cardiology
• An important part of the Athlete Medical Team
• Understanding normal athlete adaptations is a must

–ECG
–Cardiac Imaging

• Sports Cardiology assessment
–Symptomatic or asymptomatic
–ASCVD, Valve

• Management of athletes should always include 
–EAP and AEDs 



Matthew W. Martinez, MD FACC
Sports Cardiology Medical Director

HCM Director
Atlantic Health System/Morristown Med Center

Thank you 

@mmartinezheart 
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