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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/scar



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



Cardiac Care of the Athlete

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



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)
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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 
Abnormality, 8%

SUD, 29%

MI, 8% Myocarditis, 3%

United Kingdom

FIFA
2014-2018



Athlete Evaluation

History

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTzbTnejRxceHohtq8_bLBlJthwUZHY9Rs4qMcCzGsOUNWbHLgRsqWZfTEp
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MRI

Echo

Athlete Evaluation



Comparison of Screening Strategies for Elite Athletes

IOC/
USOC

FIFA MLB MLS NBA/
WNBA

NFL NHL Premier
League

Combine X 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



EKG
ECHO
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Barriers to Participation 



Screening
• Goal: Early identification of cardiac 

    conditions at risk for sudden cardiac 

    arrest & death (SCA/D)

• Optimal strategy unclear

• AMSSM: ”assist the individual physician 

    in assessing the most appropriate 

    screening strategy unique to their  

    athlete population, community needs and resources”

• ”mitigating risk through individualized, patient-centered and 

     disease-specific medical management.”
© 2023 Major League Soccer;  Proprietary Information – Do Not Distribute or Reproduce



Purpose of Cardiovascular Screening
• Historically, athletes with Cardiovascular disease had been advised against competitive sport 

participation
• 2011 ACCF/AHA HCM Guidelines
• 2015 AHA/ACC Eligibility and Disqualification Recommendations for Competitive Athletes 

With Cardiovascular Abnormalities

© 2023 Major League Soccer Confidential & Proprietary18

“Athletes with a probable or unequivocal clinical expression and diagnosis of CV disease (ie, 
HCM) should not participate in most competitive sports, with the exception of those of low 

intensity (class IA sports).  This recommendation is independent of age, sex, magnitude of LV 
hypertrophy, particular sarcomere mutation, presence or absence of LV outflow obstruction (at 

rest or with physiological exercise), absence of prior cardiac symptoms, presence or absence of 
late gadolinium enhancement (fibrosis) on CMR, and whether major interventions such as 
surgical myectomy or alcohol ablation have been performed previously.”  (2015 AHA/ACC 

Guidelines)



Recommendations for Athletes

2015

2005

2019

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



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)



Spectrum of comfort with risk

Would you let your 16 year old 

daughter (or son) sail around 

the world by herself?

1) Yes

2) No



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



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.



Team Physician

ATHLETE
Treating 

PHYSICIAN

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

DECISION

Expert 
Consultants

Societal
Guidelines

Sports 
Cardiologist/

Disease Expert

Updated 
and current



Evolving Science re: Cardiovascular Conditions:

◎What are the risks of 

    exercise in specific conditions?

◎Consider the denominator

◎Address the knowledge gaps



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



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



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,, M Martinez JACC 2023
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• 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. 



Clinical Dilemma
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Arrhythmic Risk

Myocardial

Ischemia
 LV Systolic 

Pressure

Myocardial 

Scar

Disorganized 

Architecture

Ventricular Tachyarrhythmias

LV

VS

HCM



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.  Observational data. Single center

• 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

• 16% experienced device therapy–terminated VT/VF; 

• 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



Ommen et al. Circulation. 2020 and 2024;142:e558-e631.



Treating 
physician

ATHLETETE
AM

PHYSICIAN

Develop Return to Play/Return to Exercise Plan

CV Expert 

Sports 
Cardiologist

Institutional 
Stake Holders

Athlete 
Family

G
ui

de

lin
es/Societal Statem

ents

Shared Decision Making

Athletic 
Trainers

SCA Risk Assessment



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

Sh
ar

ed Decision Making
SharedDecisionMak

in
g





The Exercise Paradox

Can trigger myocardial 
infarction and 
promote fatal 
arrhythmias in 
predisposed 

individual Causes of exercise related SCD in the community

Coronary artery disease

Marijion E. Circulation 2011

Young 
competitive 
athletes

Recreational 
athletes



Habitual activity level

10-year risk 

Low risk
              Mod risk

                               High risk

                                                V high risk

Identifying Individuals at High Risk 
of Coronary Artery Disease

Symptoms

+CAC

Caveats:

Not validated in Masters athlete

CRF not included in these equations

May overestimate risk in athletes



Proposed algorithm for pre-participation cardiovascular 
assessment in individuals aged >35 years



Exercise Stress Testing

Good prognostic value in individuals with angina

Low sensitivity and specificity in asymptomatic individuals

Symptomatic Sens 68%  Spec 77%

Asymptomatic Sens 46%  Spec 16%



Menafoglio et al BJSM 2014

76 athletes had an exercise test

3 already had a diagnosis of 
cardiac disease.

4 (5.5%) had a positive test.

The Diagnostic Accuracy of Exercise Electrocardiography in 
Recreational land Competitive Athletes

1298 athletes (45 ± 13 years); 88% 
male
Exercised for 6.6 ± 3.7 hr/week
Low atherosclerotic risk profile

53 (4.1%)positive exercise tests

Data regarding further 
investigation in 38 athletes (72%):
MPS in 35  and CTCA in 3

False positive rate 95%

Van de Sande. Scan J Med Sci Sport 2015

False positive rate 100%

Subsequent investigation in all 4 
failed to show significant 
coronary artery disease



Coronary Artery Calcium (CAC)/
Coronary Computed Tomography Angiography (CCTA)

• CAC is a surrogate for atherosclerotic volume and a robust 
predictor of CV morbidity and mortality over and above 
traditional risk factors.

• CAC score is used for risk stratification and intensifying 
therapy for recognised risk factors for atherosclerosis. 

• CCTA determines the magnitude of atherosclerotic coronary 
artery disease distribution and quantitative and qualitative 
plaque analysis. 

• Increasing utilization of CCTA in middle-aged endurance 
athletes



Athletes with possible or known CV disease

Assess Risk

https://www.acc.org/latest-in-cardiology/articles/2019/09/11/06/21/five-

simple-rules-for-evaluating-cardiac-conditions-in-athletes

Manage Risk

Assess Symptoms

• Blood pressure

• Lipid panel & Novel risk markers

• HgbA1c

• Smoking status

• Family history of early CAD (M <55 yo; F <65 yo)

• Supplement use (e.g., testosterone)

CAC Score:

• If they already have it…

• If not, discuss the pros/cons



Fitness, Coronary Calcification and Cardiac Events

8425 men without cardiovascular disease

Cardiorespiratory fitness assessment
+

Coronary artery calcium (CAC) score 

Follow up 8.4 years

Deaths, Myocardial infarction and stroke in 
individuals with 4 categories of CAC

CAC score 0 CAC score 1-99 CAC score 100-399 CAC score ≥ 400

0.9 5.9

The risk of hard CV events decreased 
14% for each MET increase across all 
CAC scores adjusted for risk factors

Radford NB. Circulation.2018;137:1888-1895

2.0 2.1

5-fold

2-fold

Hard event rates per 1000 person years





ASCVD
Cardiovascular

Adaptations

Valve 

Disease
ArrhythmiaSymptoms

Athlete Evaluation

Clinical Decision

Shared Decision-Making Discussion 



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



• We discussed her risk and options

• We discussed her current low-risk features

• Importance of ongoing annual surveillance

• After several discussions:

–She decided not to play

Case
20 y.o Caucasian Female Soccer

No high risk features.



We identify patients at LOW 

risk for sudden death

Patients at LOW risk for sudden 

death can still die suddenly

With Permission
& By Request



NO perfect evaluation process

Initial Arrhythmic 
Event

Low Risk

No Risk



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



Matthew W. Martinez, MD FACC

Matthew.Martinez@atlantichealth.org

Thank you 
@mmartinezheart 
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