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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

W Children's National.



Why worry about healthy teens?

* Rareincidence of sudden cardiac death

* Uncommon, but outcome is devastating

* Usually occurs in healthy, asymptomatic children and young adults
e Attracts attention from schools, media

W Children's National.
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Home = MNews

Medwvway High lacrosse player
dies

Second area death in sport at schools

ajc.com = Metro = Gwinnett E] EMAILTHIS [ PRIMT E] REPRINTS SHARE

e mosonsstove player found dead had torn aorta, says

By Erin Conroy. Globe Correspondent | April 29, 2007

A hledway High School sophomore collapsed yesterday during
lacrosse practice and was pronounced dead at a nearby hospital. 1t tion
weas the second sudden death in a week of a young lacrasse player in

the area.

Mick Souza, who would have turned 15 on ARTICLE TOOLS

COLORADO SPRINGS, Colo. (AP) - & 17—
old player from Harrison High School

collapsed during the third quart=gzf =p

Friday night and died after bein
Memorial Hospital. MNews

Center Fermin Vialpando, a sen
running down the field when he HIQI"
fell, apparently after a seizure,
reported. The game was halted Autop

His mother, Sundae Vialpando, FOSTE
Denver Post on Saturday that he  UFDAT
known health problems. "Doctos

cramatrimmac with an athlata — F =~ Fo

 rayear-uia swasne ac w01ling Hill High School who was found dead over the weekend had a tear in his aorta
that killed him, an investigator said Tuesday.

It's not yet clear what caused the tear that killed Terrell Wilsan, an Honors Student and foothall player at
Collins Hill High School in Suwanee.

RELATED: The tear could have occurred naturally or as a result of an injury that Wilson
« More Gwinnett news sustained, said Ted Bailey, chiefforensic investigator for the Gwinnett
County Medical Examiners office.

Gwinnett medical examiner's staff are interviewing Wilson's family and football coaches, he said.
VWe're interviewing his family and his foothall coaches, to see if he got an injury,” Bailey said.

Cpl. lana Spellman, a spokeswoman forthe Gwinnett County Police Department, said Tuesday that
detectives do not helieve that Wilson's death is suspicious and that they are not investigating it.

Terrell was a lineman on the freshman foothall team.

HOME = MEWS = LOCAL = MASS,

Medfield boy, 14, dies at
lacrosse practice
Meedham school to offer counseling

By David Abel and Michael Haughton, Glohe
| April 25, 2007

An eighth-grader at 5t. Sebastian's School in Meedham died yesterday oo coach who is also a police

unselors visited Terrell's classes at the start of each class period Monday to talk with

nnett County Schools district spokesman Jarge Guintana. |
The Boston Globe
sthall team members participated in a
in which players strap on helmets and
icting each other. That was when 16-
Correspondent r collapsed, stunning players and

while practicing lacrosse on a school field, officials said. tt's side when he collapsed and A video: Egg Harbor High Schi

s1amed LHr. 1ney sai ne nrst patrol car on the scene had a
defibrillator that was used on the teenager before he was taken away.

Footkall Player Dies
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Teen Hockey Player Dies After

CD"apEing At GEIITIE Get breaking news and daily headlines
Enter E-Mail Ad

16-Year-Old Player Remembered As Great Kid | 1?'Year'°|d hoc_key Pla?:er
rerovze slle  died of 'underlying cardiac

condition’
Coroners office

Se=0 =

Mational Post

BB S ADE §
FISHEERS, Ind. -- Grief counselors were at a skating
in Fishers on Saturday after a 16-vear-old hockey play
collapsed during a game Fridav and died later that nigt

Alonso baseball player dies after tryout

The former Tampa Catholic student collapsed working ount
for the team. Coaches and paramedics tried to revive him,
but he later died at the hospital.

Steve Scotton, 16, captain of the Hamilton Southeaste:
Hockev Club, collapsed during the first period of a gar
the Forum at Fishers.

= RIEIEHE

Bv SAUNDEA AMEHEIN, Times Staff Writer

Published Janmary 20, 2005 smingly
roblem.” Or.
ould have

Mike Berger, the team's coach, said he inmediately
recogni N -

B Email & Print
TAMPA - Baseball was Matthew Minlli's life.

High school lacrosse player diet
The 17-vear-old Alonso High School junior had plaved since he was a little

BIMGHARM . .
bov,_ friends said.

lacrosse
night ha

So it was no surprise after he transferred from Tampa Catholic High School
A schoo this school vear that he'd be on the field, trving out for Alonso's baseball team
old Johnl®  this week.
support

But for Miulli, @SR =L ER (R e rigiit s R = his passion for baseba
turned fatal late Wednesdayv afternoon when he collapsed during trvout
conditioning. His coach and emergency rescue personnel tried to revive him,
but he was later pronounced dead at the hospital, officials said.

Mack ha
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Autopsy uncovers
heart condition

Freshman Mike Sheldt likely suffered
a heart attack while swimming
warm-up laps at the university

UH

By Dave Reardon
dreardon@ starbulletin.com

An 18-year-old University of H:
submerged in 5 feet of water

Complex pool. A heart condition called hypertrophic cardiomvopathy contributed to the drowning death of 18-vear-old University of Hawatl swimmer Mike Sheldt

on Tuesday, according to the findings of an autopsy vesterday.

Members of the UH swim teal
Complex yesterday to maourn t A Honcluh cardiologist said the condition can easilv go unnoticed.

Eugene Tanner» The Honolul 'Tt's an unusual situation where the heart muscle is much thicker than normal." Dr. Raymond Itagald said. "t is totally
Wike Sheldt of Charlotte. M o, hidden. You might have a heart nmwmur, vou might not have any. It's got nothing to do with blocked arteries or valve
afternoon. problems. It's an over-muscled heart. T don't think anvone knows why it ocours.”

Ry el e R =R s i [tagald said the condition is not caused by physical training
according to UH officials.
"That's different. When you have a trained. conditioned athlete, that enlargement is not due to thickening of the heart

This muarning, the city medical muscle," Itagakd said. "In that case, the size of the heart cavity increases.”
spokeswoman said last night that unless the cause of death is chvious, it could
take weelks for the tests to be completed.

WWe're all shocked and numb at the loss of Mike Zheldt,” UH head swimming
coach Mike Andersan said in a written statement. “We are very concerned at taking
care of his family and our kids and trying to go forward cne step at a time.

Sheldt, a freshiman who competed in the individual medley, and otherteammates
were training for a qualifving meet for the NCAA championships, scheduled for
Friday through Sunday at LIH.

At 245 pm., Emergency Medical Services received a call for a drowning atthe UH
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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 . , .
W Children's National.


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?

W Children's National.



Incidence of SCD
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Finocchiaro et al, JACC 2023

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)

W Children's National.



SCD - Young Incidence and Prevalence- Young athletes (< 35

years of age)

e 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 |, 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

- Asifl,Harmon K. Incidence and Etiology of Sudden Cardiac Death: New Updates for Athletic Departments. Sports Health. 2017;9(3):268-279.
- DreznerJA, 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, KuceraK, Thomas LC, et al. Aetiology and incidence of sudden cardiac arrest and death in young competitive athletes in the USA: a4-year prospective study. BrJ 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.
- PetekBJ,Harmon KG, et al. Sudden Cardiac Death in National Collegiate Athletic Association Athletes: A 20-year study. Circulation. 2024;149:80-90.

W Children's National.



SCD In Context

Fig. 1 Causes of death in the US population aged 1 to 21 years. Data from the Centers for Disease
Control and Prevention (http.//webappa.cdc.gov/sasweb/ncipc/leadcaus10.html) [2]
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Petek et al, Circulation 2024
Cardiac etiology in 13% of sudden death

Aecident
560 (50.8%)

Sports-Related
Head Injury
2 (0.2%)

Cardiac
143 (13.0%)

Heat Stroke
7 (0.8%)

Unknown
16 (1.5%)

sCT
12 (1.1%)

Suicide
128 (11.6%)

Homicide
98 (8.9%)

Cancer
76 1(6.9%)

Cther
Medical
&0 [5.4%)

Figure 1. Causes of death among
Mational Collegiate Athletic
Association athletes (n=1102).
SCT indicates sickle cell trait.

W Children's National.



Adolescent SCD in Context

Military Recruits
SCD Exercise
SCD-Schools

SCD >64

SCD 35-64

SCD 15-34

SCD 5-14

CV Disease 15-17
Homicide

Suicide

Injuries

Incidence/100,000 ptyears

1000

75

W Children's National.



Sudden Death in Adults vs. Children: The Biggest Difference

oo - Sl Kids don’t get CAD

and oxygen to miscle
heart muscle)

Blood clot
blocks
A\ atery
Blacked — . ]
blood flow

e ...most pediatric VT non-ischemic
Coronary [T — \
arfery in artary |

. ID#: 050107213625 Myl 21:028 1R
HE R s

Heart muscle Dead heart musale

W Children's National.



Causes of Pediatric Sudden Death

e Cardiac arrhythmias

e Congenital and acquired heart diseases

e Neurological or neurovascular abnormalities (aneurysms)
e Pulmonary diseases, incl. asthma, anaphylaxis

e Drug toxicities

W Children's National.



Screening: What are We Screening For?

Arrhythmia Vulnerability Syndromes
 LQTS ALk g
. BrS/ARVC/CPVT/SQTS/PCCSD s
« WPW J_JLVJ,‘JL
« CCHB | |

. Cardlomyopathles

« HCM, DCM, LVNC, RCM

 Coronary artery abnormalities
 Congenital heart disease

W Children's National.



Etiologies of SCD in

Finocchiaro et al, JACC 2023

Athletes over time

FiguRE 1 Causes of Sudden Cardiac Death in Athictes

Unexplained
Moncardiac ¥
Pulmonary
ther \.l'TE 204,

. O
Conduction Ca rdlac

Disease 7% e Atherosclerotic

WPW 3%  atherosclerotic
~ CAD 9%

CAD 18%: —
Aortic ARVC 5%
Dissection/
Rupture 2% _‘\\ H-CM A
Long QT/ .~
Channelopath
e ARVC 22% Idiopathic LVH/ D'C"‘ 3%
L Possible SCT 19%—
Mitral valve L.
Possible HCM / Myocarditis
Prolapse 113% A
Idiopathic LVH 8% 9%
HCM 2%
CAAs 13% :|
DCM 2% Aortic , CAAs 1%
Myocardlns Dissection Long QT
ang Rupture 5% Channelopathy 12&
Corrado et al Harmon et al
2003 2015
| | -
I I =
2009 2016
LAD Brid 3%
o= Atherosclerotic Myocarditis
WPwW 2% CAD 3% 294
Other Cardiac 5% ~_ \‘- ARVC 4%
Possible HCM 8% Demass
Aortic Dissection 3% —
Aortic Stenosis 2%\"- CAAs 5%
Long QT/ —
Channelopathy 526~ ARVC
Mitral Valwve f""_ 13%
Prolapse 3%
—
CAAS 17% HCM 6%
~ DCM 2% M A
Idiopathic
'"‘3"3‘3""“’5 LVH/idiopathic
&% fibrosis 169¢

Maron et al

Finocchiaro et al

The atribution of =pecific condiBons 1o sudd en cardisc desth in athietes has dhanged in the Lt 2 decades 2nd i extremely varable scooeding 1o method alo gy used,

athry; CAA — ¥ aly; CAD — ¥ artery dis

with some aenters wsing 3 stand arditesd protocal . ARG — asrh yfhmogenic right wen Ticular cardi

DCM — dilated crdiamyapathy: HOM — lypestrophic crdiomyapatiny: LAD — keft arterion descending artery: LvH — left weriride hypertrophy: SCT — sdde aell trait:

WTE — wenous thromboembolsm: WS — Waol ff-Paskén son -white.
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Exertional status of SCD

Anamaly

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

Coranary Artery

Arrhythmogenie CM

Cormnary frtery Disease

Hypertrophic CM
AN-SUD

Idiopathic LVHS
Passible CM

CM NOS

Miypoesrdetia

n=&
n=Jf
T ] Exmnnal.
[ Non-ExerBonal

m |I1‘?3| .Ul’lkr'ltl'l.l.lT'l

0O 10 20 30 40 50 &0 70 8O0 %0 100

Percentage of Cases

Figure 4. Exertional status at time of death by common causes of sudden cardiac death.
AM-EUD indicates autopsy-negative sudden unexplained death; CM, cardiomyopathy; LWH, left ventricular hypartrophy; MOS, not otherwise

specified; and SC0, sudden cardiac death.
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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?

MARFAN SYNDROME
PRARSTERNAL LONG AYS VEW

W Children's National.



Coronary Artery Abnormalities

 Asymptomatic, nl EKG
* Oftenincidental finding on echo
* AAORCA management is challenging

W Children's National.



Other etiologies

e Commotio Cordis
* Performance enhancing drugs

Commotio cordis i

Source of Blow
Hockey puck Primary determinants and triggers Rib
Precordial impact site
Timed during upstroke of T wave Chest
Contributing variables wall

Greater hardness of projectile

Lacrosse ball Smaller sphere
— Direct orientation
‘ ) Thinner, more compliant chest wall

Rapid increase in
intracavitary pressure

Upstroke of
Twave Maron BJ. Commotio cordis. N Engl J Med 2010; 362:917-27.

W Children's National.
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What are We Screening With? |

—

History & Physical

* Pre-participation Forms
* (AHA/AAP 14-point evaluation)
* ECG?
Echo?
More?

“Off hand, I'd say you're suffering from an arrow
through your head, but just to play it safe,
I'm ordering a bunch of tests.”

W Children's National.



This section is to be carefully completed by the student and his/her par
order to help detect possible risks.

Fxpiam “YES" answers In the space provided. Circle
stions you don't know the answer to

Sports for any reason?

PN Do you have an ongoing medical condition (ke diabetes or asthma)?
Are you currently taking any prescription or nonprescripion
(over-the-counter) medicines of pills?

[ElHas a doctor ever denied of restricted you participation in Yes No
(
(

(s) or legal g (s) before participation in interscholasti in

Yes No
Do you cough, wheeze, or have difficulty breathing dunng or after exercse?
Is there anyone in your family who has asthma?
Have you ever used an inhaler of laken asthma medicine?
Were you bom without or are you missing a kianey, an eye, a testicle, or
any other organ? [
Have you had infectious mononucieosis (mono) within the last month?
DO you have any rashes, pressure sores. of other skin problems?

HEART HEALTH QUESTIOINS ABOUT WU

Hae you ever passed out or nearty passed out GURING or
AFTER sumrziza®

- Hawe you ever had discomifort, puin.ﬁE;h'h'-us. O pressure in

your chest during xercse?

. [Doms your hesart race, flutter in your chest or skip btz

||'rrqinur Dests| during exercsa?

. Hasadocbor ever ordered & st for '||I:ILI' heart? Far

Exmmpile, :bct.ml:un:l'-:bﬁruph:.' or edlumin;mph:.'.

- Hasa doctor ever told you that you hive any hesrt proalems,

inclusing:

D High blood pressure 0 A heart murmus
OHigh cholesterod 0 & heart infection
C Ewassid Dizsass 0 Ortier

. Doyou get light-headed or feel shorter of breath then your

frieneds during exercise?

- Hewe you ever had & senwe?

MILY

HEALTH QUESTIONS ABDUT YU

- Does anyone in your family have & heark problem?

- Hais amy family mamber or relative died of heart prodlems or

had an unespected or unaxplained sudden desth before e
50 finchsding drowning or unexplained car oash|?

Dpes mrTyone in your famiily have & genetic heart problem
susch as h-llpertrq:lpl'i'n: curuium:.'q:lpum:.'.:HCML (R 1]
syndrome, urm:.fﬂ':m-:\-seri'c rEEh'I: ventricuksr mruium:.\:!pm:.'
[&FC), long QT syndrome [LOTS], short GT syrdrome [S0T5),
Brugads syndrome, or :mmahmh:r_s_'c pﬂ-llmc!nhil:
ventricular tachycardia [CFVT]?

- Has amyone in your famiby hed & pacemaker or an impented

defiorllator befors ape 507

Do you have allergies 1o medicines, poliens, 00ds, or stinging insects? [ Have you had a herpes skin infection? (
Do you think you are in good health? 0o Have you ever had a head injury or concussion? wiiw]
Have you ever passed out or nearty passed out DURING exercise? ) Have you been it in the head and been confused of lost your memory?
Have you ever passed out of nearly passed out AFTER exercise? 0O C Have you ever had a seizure? O
Have you ever had discomfort, pain, of pressure in your chest Do you have headaches with exercise? (
dunng exercise? oo Have you ever had numbness, tingling, Of weakness in your arms of
Does your heart race or skip beals during exercise? oo legs after being hit or faling? (my .
Has a doctor ever toid you that you have (check ail that apply) EEllHave you ever been unable 10 move your ams of legs afler being hit of
High Blood Pressure [ A heart murmur taling? oo
High Cholesterol [0 Anheart infection EElWhen exercising in the heat, do you have severe muscie cramps of
mms a doctor ever ordered a test for your heart? (for become 7 oo
example, ECG, echocardiogram) =) mms a doctor 10Md you Ihat you of someone in your family has sickle cell
Has anyone in your family died for no apparent reason? 00 rait or sickle cell aisease? oo
Does anyone in your family have a heart problem? o Have you had any problems with your eyes of vision? [
Has any family member or relative died of heart problems or Do you wear glasses or contact lenses? Qo
of sudden death before age 507 . DO you wear protective eyewear, such as goggles or a face shiekd? (
[Does anyone in your famiy have Marfan synarome? oo Are you happy with your weight? o0
Have you ever spent the night in a hospital? 8 Are you trying 10 gain or lose weight?
Have you ever had surgery? (8 Has anyone recommended you change your weight or eating habits? (
Have you ever had an injury, iike a sprain, muscle of ligament Do you imit or carefully control what you eat? (
fear, of tendinitis, that caused you 10 miss a practice of Do you have any concems that you would ke 10 discuss with a doctor?
game? Iif yes, crcle affected area below | Record the dates of your most recent immunizations (shots)
Have you had any broken of fractured bones of dislocated Toap MMR Hepatitis B
joints? If yes, circle below 0 C Chicken Pox . Meningococcal .
Have you had a bone of joint injury that required x-rays, MRI. FEMALES ONLY
CT, surgery. injections. rehabilitation, physical therapy, a 0 (
brace, a cast, of crutches? If yes, circie below. o Have you ever had a menstrual period?
T [Upper] " THand 7
Head [Neck |Shoulder Arm _|Elbow |Forearm |Fingers |Chest How 0kd were you when you had your first menstrual period?
|Upper [Cower | | Fool
back [back |Hip Thigh |[Knee _|Cait’shin [Ankle |Toes How many perods have you had in the last 12 months?
Have you ever had a stress fracture? g Jd
Have you been told that you have or have you had an x-ray Explain "Yes" Answers Here' (Altach additonal sheets as needed)
for atlantoaxial (neck) instabdity? oo
FEl 0o you regularty use a brace of assistive device? 0
f2J Has a doctor ever told you that you have asthma or aliergies? 00
NAME DATE OF BIRTH SCHOOL
Height [ weighs [ Sex Aszigned atBirth |
B/ | mm Resting pulse [ Vision B 20/ [ Corrected  CYes  TMo
Pediatric Populstion » 13 years and obder within normal Bmits = BP [F) 102-121/64-79 mmHg EP [M) 102-124/564-80 mmHg
BR 12-20 breaths per minute Puls= 55-20 bpm
MEDICAL NORMAL ABNORMAL FINDINGS

aortic insufficiency]

Appezrance [Marfan stigmata: kyphoscoliosis, high-arched palate, pactus
excavaium, arachnedactyly, hyperlasity, myopia, mitral valve prolagse, and

Eyes/ears/nose/throat {Pupils egual. hearing

Neck - Lymph nodes, thyroid enlargement

Heart (Murmurs: suscultation standing, supine, /- Valsalva)

Pulses (radial femoral, pedal])

Lungs

Abdomen

Skin [Herpes simplex virws, lesions suggestive of MRSA or tinea corporis)

Mewrologic (cranial nerve and gait)

W Children's National.



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

W Children's National.



When do | 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

W Children's National.



PPE Tips

History:

PE

©)

©)
O
O
O

Get their attention!

Skillin asking questions

Document as many details as possible
Low threshold to contact parent
Seizures vs syncope?

Murmur
Reproducible chest pain

W Children's National.



How good is the PPE?

Limited data
Very low sensitivity and only “ok” specificity
 Sudden death (or arrest) is often 15t symptom
* Lackof 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!

W Children's National.



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
* Inblack patients, up to 6-7% false positives
« Computerread 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)

W Children's National.



EKG Screening

ltaly 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

W Children's National.



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

Steinvil et al. JACC 2011

Italian Sport Law

. Israel Sport Law |

O = N W & O O N 0o

79-80 81-82 83-84 8586 87-88 8990 9192 9394 9596 97-98 99-00 0102 03-04 0506 07-08

—|srael Veneto (Italy) =-Minnesota (USA)

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

W Children's National.



Accuracy of ECG-inclusive preparticipation

screening in athletes: more work to
be done Expert Rev. Cardiovasc. Ther. 10(6), 671-673 (2012)

“The controversial role of ECG during preparticipation screening
remains one of the most widely and passionately debated areas
in cardiovascular and sports medicine.”

“Only with more data will we be able to
responsibly determine the merits of adding
ECG to the basic foundation of medical history
and physical examination.”

W Children's National.



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.

Normal ECG Findings
Increased QRS voltage for
LVH or RVH
Incomplete RBBB
Early repolarization/ST
segment elevation
ST elevation followed by
T wave inversion V1-V4 in
black athletes
T wave inversion V1-V3
age <16 years old
Sinus bradycardia or
arrhythmia
Ectopic atrial or junctional
rhythm
1° AV block
Mobitz Type | 2° AV block

Abnormal ECG Findings

T wave inversion

ST segment depression
Pathologic Q waves
Complete LBBB

QRS = 140 ms duration
Epsilon wave

Ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern
Profound sinus bradycardia
<30 bpm

PR interval = 400 ms
Mobitz Type Il 2° AV block
3° AV block

> 2 PVCs

Atrial tachyarrhythmias
Ventricular arrhythmias

-
-

No further evaluation required ) % Further evaluation required

in asymptomatic athletes with no e “~. 4 toinvestigate for pathologic
family history of inherited cardiac cardiovascular disorders associated
disease or SCD with SCD in athletes

Reduces false positives and
unnecessary testing

Athletes

Cardiology-trained readers
Unclear if will improve the PPE
at a population level

W Children's National.



It gets complicated...

FIGURE 3 P “Athl 's Heart" and Causes of SCD
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Cardiac ;ymptoms

Cardiac symptoms FH of DCM or SCD

Marked LV dilatation
Moderately/severely
reduced LVEF
Diastolic dysfunction
Myocardial fibrosis
Reduced peak VO,

FH of HCM or SCD
Bizzarre patterns of LVH
LVOT obstruction
Diastolic dysfunction
Myocardial fibrosis
Reduced peak VO,

Physiological electrical, structural, and functional changes in athletes may overlap with cardiac disease with a gray area that often needs clarification through second
line cardiac i igati ACM = arrhy ic cardiomyopathy; BrS = g v ; DCM = dilated cardiomyopathy; FH = family history;
HCM = hypertrophic cardiomyopathy; LQTS = long QT syndrome; RV = right ventricle; LVNC = left ventricular noncompaction; LVOT = left ventricular outflow tract;

* 3 .
MV = mitral valve; RVEF = right ventricular ejection fraction; SCD = sudden cardiac death; TWI = T-wave inversion; VF = ventricular fibrillation; VT = ventricular @ Chlldrens NatlonaI“

tachycardia.




Secondary Prevention of SCD

* Emergency Action Plan
* |dentifying key personnel and roles

* Ensuring access to life saving equipment
(eg. AEDSs)
 Coordinating a multi-disciplinary team for a
well-rehearsed response
 (Coaches/staff (and teammates?) trained in BLS

* Nearestto the player/allows for immediate
resuscitation

W Children's National.



AED

Device that looks for shockable heart rhythms

Delivers a defibrillation shock if needed

Small, portable hEe

Simple, automatic

Relatively inexpensive

In children: AED
* AEDs are readily available (no Rx), easy to use
* AED algorithms are proven accurate in children —

LIFT 10 OPEN

« Some AEDs come with pediatric pads @ ®

« Some AEDs have attenuated pediatric output !

» AEDs are safe and effective in children
* (...and have been life-saving!)

W Children's National.



Treatment of Cardiac Emergencies

 Be Prepared (CPR Training, EqQuipment, Staff)

* Remain Calm

* Emergency Readiness — Crash Cart, Meds, Phone
 Callfor Help ASAP - Activate EMS

* Identify Problem (ABCs: Airway, Breathing, Circ.)
 Check Medical History, if known

* Cardiac Arrhythmia?: AED - Utilize if Available

W Children's National.



Decreasing incidence of SCD
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Figure 2. Yearly non-cardiovascular death and sudden cardiac death incidence ameng Mational Collegiate Athletic
Association athletes.

Blue dots indicate non—cardiovascular death yearly incidence rate; blue line, cubic smoothing spline curve of non—cardiovascular (CV) death
incidence over the study period; red dots, sudden cardiac death (SCO) yearly incidence rate; and red line, cubic smoothing spline curve of SCD
incidenca over the study pericd. AY indicates athleta-year.

Petek et al. Circulation, 2024.

Possibly due to greater use of emergency

action plans (EAPs) and AEDs
No increase seen with COVID-19

W Children's National.



Eligibility Recommendations for Athletes with CHD

AHA/ACC SCIENTIFIC STATEMENT

Eligibility and Disqualification
Recommendations for Competitive Athletes
With Cardiovascular Abnormalities:

Task Force 4: Congenital Heart Disease

A Scientific Statement From the American Heant Assodation and Amertican College of Cardiology

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.
W Children's National.



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
* Mayunnecessarily 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
* Lackof published guidelines for non-competitive sports

*** Do not conflate recreational/leisure physical activity with these guidelines!

v’ Leisure activities are typically submaximal!

v Aerobic (submaximal) exercise capacity is normal in most CHD patients even when maximal exercise
capacity is decreased

v Numerous studies showing safety of exercise training in CHD, specifically at submaximal levels

W Children's National.



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

* Recentdatain (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. mj Children's National


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

LIVE-HCM
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0.6

0.4+

Nonvigorous
0.2- J

Probability of not experiencing
composite outcome

Vigorous
O T T T T 1
0 10 20 30 40
Follow-up time, mo
No. at risk
Nonvigorous 961 852 262
Vigorous 699 608 193

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.

Favors ' Favors

Analyses No. HR (90% CI) vigorous | nonvigorous Pvalue
Primary analysis ; E

Vigorous vs nonvigorous 1660 1.01(0.68-1.48) = i .98
Secondary/post hoc analysis :

Vigorous vs sedentary 0.77 (0.45-1.30) — i 41

Moderate vs sedentary 0.69 (0.40-1.16) —_— : 24

Vigorous vs moderate 1.12(0.73-1.71) —-—:— .66

Vigorous competitive vs nonvigorous 1220 0.71(0.39-1.32) — i .36
Overt HCM? ‘ ;

Vigorous vs nonvigorous 1534  1.06 (0.72-1.55) % .82
Overt HCM, fully adjusted® i

Vigorous vs nonvigorous 1309  0.99(0.65-1.51) L) i .97
Overt HCM, NYHA class ¢ ‘ i

Vigorous vs nonvigorous 1173 1.23(0.79-1.93) —I—'— .45

(IJ 0.5 1?0 1.5 2?0
HR (90% C1)

Forest Plot for Hazard Ratio (HR) (1-Sided 95% CIl) 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 Cls. 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).

°The final subgroup excluded those with exercise-related symptoms (ie, asymptomatic, phenotype-positive only).

W Children's National.



LIVE-LQTS
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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.
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Symptomatic Yes
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Resting QTc increased
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Figure 3.Forest plot for HR (one-sided 95% Cl) 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 Cls 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 (2470 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.

W Children's National.



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

W Children's National.



Shared Decision Making

FIGURE & Exercise in Individuals With Cardiac Disease and Shared Decision Making

Sport
<. ©
@ —_— Team doctor
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gt i

cardiac disease
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An athiete who & dignosed with candiac disesse may be under presure from variows staloshal ders, who often have awide spectrum of opinions and ideas
regarding the best course of acton in tesms of sports participaton. Open dsousson on the csentevidence and gags in nowledge in ths field & oucial to
embrae a shamd dedson making where the athlete & empowered to make the right decisson. 500 — sudden crdiac death.

W Children's National.



Thank You!

W Children's National.
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