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Objectives

• Understand the rationale of the pre-participation cardiac history and physical exam (PPE)
• Obtain a detailed understanding of the PPE
• Appreciate the debate on whether EKG screening should be added to the PPE
• Advance secondary prevention of sudden cardiac death (SCD) in the community
• Partner with pediatric cardiologists to promote safe physical activity in patients with (pre-

existing) cardiac conditions



Why worry about healthy teens?

• Rare incidence of sudden cardiac death
• Uncommon, but outcome is devastating
• Usually occurs in healthy, asymptomatic children and young adults
• Attracts attention from schools, media
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How to SAVE a LIFE - Recognize Sudden Cardiac Arrest in Athletes
YouTube

UW Medicine Center for Sports Cardiology  Jun 12, 2023

https://www.youtube.com/watch?v=i-iN9o-cKu0


Goal of the Pre-participation Screen

Prevent SCD!

But what conditions are we trying to diagnose?

In whom? (What is the definition of athlete?)

How good is the PPE or other testing at detecting these conditions?



Incidence of SCD
• Rare
• Incidence varies amongst studies
• 1.2-1.9/100,000 (NCAA 17-24 yrs)
• 3.6/100,000 --> 0.9/100,000 after screening initiated (Italy)
• 0.47-1.21/100,000 (age < 35) vs. 6.64/100,000 (age > 35)

Finocchiaro et al, JACC 2023



SCD – Young Incidence and Prevalence– Young athletes (< 35 
years of age) 
• High school: 1:50,000-1:80,000 athlete years (AYs) 
• College 1:63682 AYs  (newest data from 2024)

– Men 1:43348 AYs 
» incidence rate ratio of 3.8 compared to women

– African American athletes 1:26,704 AYs 
» incidence rate ratio of 2.8 compared to Caucasian athletes (NCAA)

– Basketball players 
» Division I, male basketball players 1:8188 AYs (1:2000 over a 4-year career), white>black

– Men’s basketball and football account for 50-61% of all identified cases 

- Asif I, Harmon K. Incidence and Etiology of Sudden Cardiac Death: New Updates for Athletic Departments. Sports Health. 2017;9(3):268-279. 
- Drezner JA, O’Connor FG, Harmon KG, Fields KB, Asplund CA, Asif IM, et al. AMSSM Position Statement on Cardiovascular Preparticipation Screening in Athletes: Current Evidence, 

Knowledge Gap, Recommendations, and Future Directions. Clin J Sport Med. 2016; 26(5): 347-361. 
- Peterson DF, Kucera K, Thomas LC, et al. Aetiology and incidence of sudden cardiac arrest and death in young competitive athletes in the USA: a 4-year prospective study. Br J Sports 

Med. 2021;55(21):1196–1203. https://doi.org/10.1136/ bjsports-2020-102666
- Finocchiaro G, Sharma S, et al. Sudden Cardiac Death in Young Athletes, JACC state of the art review. JACC. 2024;83(2):350-370.
- Petek BJ, Harmon KG, et al. Sudden Cardiac Death in National Collegiate Athletic Association Athletes: A 20-year study. Circulation. 2024;149:80-90.



Link & Estes, 

Circulation 2012

SCD in Context



Petek et al, Circulation 2024
Cardiac etiology in 13% of sudden death 



Adolescent SCD in Context
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Sudden Death in Adults vs. Children: The Biggest Difference

Kids don’t get CAD

…most pediatric VT non-ischemic 



Causes of Pediatric Sudden Death

• Cardiac arrhythmias
• Congenital and acquired heart diseases
• Neurological or neurovascular abnormalities (aneurysms)
• Pulmonary diseases, incl. asthma, anaphylaxis
• Drug toxicities



Screening: What are We Screening For?

• Arrhythmia Vulnerability Syndromes
• LQTS
• BrS/ARVC/CPVT/SQTS/PCCSD
• WPW
• CCHB

• Cardiomyopathies
• HCM, DCM, LVNC, RCM

• Coronary artery abnormalities
• Congenital heart disease



Etiologies of SCD in Athletes over time

Finocchiaro et al, JACC 2023



Exertional status of SCD

Petek et al. Circulation, 2024
Overall, ~50% exertional



Etiologies and screening

• Arrhythmogenic
• EKGs may have more value (eg. LQTS, WPW)
• CPVT: normal EKG at baseline, ventricular ectopy with exercise (burst)

• Cardiomyopathy
• HCM: family history, usually (~90%) with EKG abnormalities (some false 

negatives, voltage criteria for LVH is not HCM)
• ARVC: more common in certain regions/ethnicities

• CT disorder
• Marfan Syndrome, Loeys-Dietz: family hx, PE findings

• SUD
• Family history?
• Post-mortem genetic testing?
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Coronary Artery Abnormalities

• Asymptomatic, nl EKG
• Often incidental finding on echo
• AAORCA management is challenging



Other etiologies

• Commotio Cordis
• Performance enhancing drugs



What are We Screening With?

• History & Physical 
• Pre-participation Forms

• (AHA/AAP 14-point evaluation)

• ECG?
• Echo?
• More?





Screening Children for Cardiac Risk

Primary Physician/Caretaker Screening - Annual

•Detailed history, inquiring about pertinent symptoms (Syncope, chest pain, 
palpitations, dizziness, rapid heart rate)
•Exercise history (endurance, types of exercise, exercise-associated symptoms)
•Discussions regarding illicit drug use, alcohol, caffeine, smoking, medications 
(including over-the-counter, “health/nutritional supplements”, anabolic steroids)
•Family history of congenital heart disease, arrhythmias, sudden death, inherited cardiac 
diseases (Long QT, HCM, Marfan)
•Physical exam: vital signs (BP), cardiac exam, 4-extremity pulses, perfusion, weight, 
general overall health and fitness



When do I need a subspecialist?

•Referral suggested if:

•Exercise-associated symptoms or serious-sounding symptoms at rest
•Suspicious history, physical, malignant family history or other potential risk 
factors



PPE Tips

• History:
o Get their attention!
o Skill in asking questions
o Document as many details as possible
o Low threshold to contact parent
o Seizures vs syncope?

• PE
o Murmur
o Reproducible chest pain  



How good is the PPE?

• Limited data
• Very low sensitivity and only “ok” specificity

• Sudden death (or arrest) is often 1st symptom
• Lack of uniformity
• Non-physicians?
• Pre-test probabilities, “non-cardiac” chest pain, syncope, murmur, etc.
• Family history questions (broad) vs. screening guidelines

PPE should be done, but be thoughtful and discerning!



Should an EKG be done?

• Not currently recommended in the US
• Various local or national organizations may have specific requirements for other testing (ekg, 

echo, etc.)
• Better sensitivity and specificity than the PPE alone, but…

• With cardiologist-read EKGs, 1-3% false positives
• In black patients, up to 6-7% false positives
• Computer read has a 2-5% false positive (possibly higher, eg. QTc)
• HCM may have up to 10% false negative EKG and ARVC > 30% false negative
• Yearly EKG? With higher SUD diagnoses (EKG findings preceding echo changes)



EKG Screening

• Italy vs. USA
• What’s different? (other than food and football)
• Ethnic and racial heterogeneity; impacts test accuracy
• Genetic and phenotypic differences (ARVD vs HCM)
• Size of population to be screened (15M+ athletes in US)

• Cost of screening and payor ($750 million in 2007 estimate)
• Inappropriate disqualification
• Unnecessary additional testing, with associated costs (over $2 billion)
• Unnecessary anxiety 
• Huge increase in physician manpower and other resources



Mandatory Electrocardiographic Screening of Athletes to Reduce Risk for Sudden Death: Proven Fact or Wishful Thinking? 

Steinvil et al. JACC 2011 

“Mandatory ECG screening of athletes had no apparent effect on risk for SCD”





International EKG Criteria
Sharma, S, Drezner, J, Baggish, A. et al. International Recommendations for Electrocardiographic Interpretation in Athletes. JACC. 2017 Feb, 69 (8) 1057–1075.

• Reduces false positives and 
unnecessary testing

• Athletes
• Cardiology-trained readers
• Unclear if will improve the PPE 

at a population level



It gets complicated…



Secondary Prevention of SCD

• Emergency Action Plan
• Identifying key personnel and roles
• Ensuring access to life saving equipment 

(eg. AEDs)
• Coordinating a multi-disciplinary team for a 

well-rehearsed response
• Coaches/staff (and teammates?) trained in BLS

• Nearest to the player/allows for immediate 
resuscitation



AED

• Device that looks for shockable heart rhythms 
• Delivers a defibrillation shock if needed
• Small, portable
• Simple, automatic
• Relatively inexpensive
• In children:

• AEDs are readily available (no Rx), easy to use
• AED algorithms are proven accurate in children
• Some AEDs come with pediatric pads
• Some AEDs have attenuated pediatric output
• AEDs are safe and effective in children 
• (…and have been life-saving!)



Treatment of Cardiac Emergencies

• Be Prepared (CPR Training, Equipment, Staff)
• Remain Calm
• Emergency Readiness – Crash Cart, Meds, Phone 
• Call for Help ASAP -  Activate EMS
• Identify Problem (ABCs: Airway, Breathing, Circ.)
• Check Medical History, if known
• Cardiac Arrhythmia?: AED – Utilize if Available



Decreasing incidence of SCD

• Possibly due to greater use of emergency 
action plans (EAPs) and AEDs

• No increase seen with COVID-19

Petek et al. Circulation, 2024.



Eligibility Recommendations for Athletes with CHD

The level of sports participation recommended includes consideration of both the 
training and the competitive aspects of the activity but must be individualized to 
the particular patient, taking into account the patient’s functional status and history of 
surgery. Noninvasive testing, such as formal exercise testing, Holter 
monitoring, echocardiography, and cardiac magnetic resonance imaging studies, is 
also often useful.



Problems with Eligibility Guidelines for CHD

• Dealing with competitive and contact team sports
• Situations where patient and coach may push beyond comfort zones/pressure to perform: organized, 

emphasis on performance, high intensity
• May unnecessarily restrict patients from beneficial (and fun!) physical activity

• These activity restrictions are based on the inherent risk of the activity rather than the intensity of a 
specific patient performing that activity

• Lack of published guidelines for non-competitive sports

*** Do not conflate recreational/leisure physical activity with these guidelines!
✓ Leisure activities are typically submaximal!
✓ Aerobic (submaximal) exercise capacity is normal in most CHD patients even when maximal exercise 

capacity is decreased
✓ Numerous studies showing safety of exercise training in CHD, specifically at submaximal levels



Change in Focus?

• As surgical outcomes and long-term prognosis (with longer life expectancy) improve, 
we need to shift our focus to long-term physical functioning and quality of life

• More rapid decline in exercise capacity over time in CHD patients than age and sex-
matched controls and possibly starting out somewhat impaired exercise capacity means 
we need to do more earlier in life

• Recent data in (risk assessed and treated) patients with HCM (LIVE-HCM) – no difference 
in event rate with exercise, long QT syndrome (LIVE-LQTS) – 2 SCA, not with exertion, and 
nearly all cardiac rehab/exercise testing studies in children with known cardiac issues 
show a relatively low risk of SCA with physical activity

Lampert R, Ackerman MJ, et al. Vigorous Exercise in patients with HC. JAMA Cardiol. 2023 Jun; 8(6): 595–605.
Lampert R, et al. Vigorous Exercise in patients with LQTS. Circulation, 2024 Aug; 150(7): 516-530.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10193262/


LIVE-HCM

Kaplan-Meier Survival Curve for Freedom From Composite End Point 
(Death, Cardiac Arrest, Appropriate Implantable Cardioverter 
Defibrillator Shock, or Arrhythmic Syncope) by Exercise 
GroupVigorous and nonvigorous groups did not differ in freedom from 
composite end point.

Forest Plot for Hazard Ratio (HR) (1-Sided 95% CI) Comparing Composite Outcomes Between Exercise 
GroupsHRs for primary, secondary, and post hoc analyses comparing the composite outcome (death, cardiac 
arrest, appropriate implantable cardioverter defibrillator [ICD] shock, arrhythmic syncope) between those 
exercising vigorously and those exercising nonvigorously. Presented are 90% 2-sided CIs. The upper limits of 
these intervals correspond to a 1-sided .05 significance level used to evaluate noninferiority. Primary analysis is 
shown followed by 2 secondary analyses: pairwise comparisons of the 3 groups and after excluding 
noncompetitive vigorous individuals to compare vigorous-competitive vs nonvigorous. Post hoc analyses are 
shown of subgroups. 
aThe first subgroup included those with overt hypertrophic cardiomyopathy (HCM), ie, phenotype-positive only, 
and controlled for prespecified covariates age, sex, race, recruitment method (site or self), age at diagnosis, and 
presence of an ICD.
bThe next model added sudden cardiac death risk factors that differed by an effect size of at least 12% between 
the groups (history of sudden cardiac arrest and septal thickness).
cThe final subgroup excluded those with exercise-related symptoms (ie, asymptomatic, phenotype-positive only).



LIVE-LQTS

Figure 2.Kaplan-Meier survival curve for freedom from composite end point (death, 
sudden cardiac arrest, appropriate implantable cardioverter defibrillator shock, or 
arrhythmic syncope) by exercise group. There was no statistically significant 
difference in freedom from composite end points between the those exercising 
vigorously and those exercising nonvigorously. Inset shows a magnified y axis.

Figure 3.Forest plot for HR (one-sided 95% CI) comparing composite outcomes between exercise groups. 
Hazard ratios (HRs) for primary, secondary, and post hoc analyses comparing the composite outcome (death, 
sudden cardiac arrest, appropriate implantable cardioverter defibrillator shock, arrhythmic syncope) between 
those exercising vigorously and those exercising nonvigorously. The 90% 2-sided CIs are presented. Upper limits 
of these intervals correspond to a one-sided 0.05 significance level used to evaluate noninferiority. Primary 
analysis is shown followed by post hoc analysis including clinical factors (QTc and presence of previous 
symptoms) and then post hoc analyses of subgroups known to differ in outcome rates: first, those with the 2 
most common long QT (LQT) genotypes, LQT1 and LQT2; next, those with and without previous symptoms 
(syncope or cardiac arrest); and then those with and without prolonged resting QTc (≥470 ms for male 
participants or 480 ms for female participants). Finally, the subgroup of individuals from 14 to 22 years of age 
participating in vigorous-competitive exercise (varsity/junior varsity/traveling team) is compared with others in 
this age group.



Need to focus on promotion of activity instead of 
only discussing restricting activity!!



Shared Decision Making



Thank You!
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