Sudden Cardiac Death in Athletes: The Modern Paradigm

A definitive guide to epidemiology, disease mechanisms, diagnostic gray zones,
and the contemporary standard of prevention.

Peter Megdal, PhD
Curing Heart Disease, LLC, July 26, 2026



The Demographic Concentration of Risk

Baseline Risk

1 in 63,682 athlete-years
(Overall cohort incidence).

By Sex

Male athletes face a 3.8x higher risk
than female athletes.

By Race

Black athletes face a 2.8x higher incidence than White
athletes (a social variable functioning as an imperfect
proxy for environmental and participation factors).

The Highest-Risk Cohort

Division [ Men's Basketball players face a 1 in 8,188
annual incidence, culminating in a ~1 in 2,000 career risk.

Based on 2002-2022 NCAA surveillance data (9.1 million athlete-years).




The Architecture of the Heart

The Walls

The muscle that squeezes to push blood. Trouble arises
when walls grow too thick, restricting flow and
harboring microscopic scars that scramble signals.

The Wiring

The electrical system dictating the beat. Trouble arises
when hidden faults—often passed down in families—
cause the heart to beat so fast it stops pumping entirely.

The Plumbing

The vessels carrying fuel. Trouble arises when an
artery begins in the wrong location and is physically
pinched shut during heavy exertion.




Mapping the Fatal Vulnerabilities
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Exercise Does Not Cause the Flaw; It Exposes It

The Cracked Engine on the Highway

State 1: Rest State 2: Vigorous Exercise
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Catecholaminergic Surge Demand Ischemia
Adrenaline shortens Oxygen demand outpaces
‘ ; refractoriness and supply, creating regional
: increases automaticity. conduction slowing.
*’@; -\ Triggers convert the latent
/\ 5/ A vulnerable ") into ventricular fibrillation.
substrate at rest.

The flaw
remains latent.
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A vulnerable substrate at rest.
The flaw remains latent.
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Mechanoelectric Stress

Vigorous contraction acutely
stretches the myocardium,
altering membrane potential.
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Electrﬂlyte Shifts

Intracellular acidosis and
potassium efflux alter
cellular repolarization.

Triggers convert the latent vulnerability
into ventricular fibrillation.
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The Forensic Shift: From Structural Disease to Unexplained Death

19.5%

Autopsy-Negative Sudden
Unexplained Death (AN-SUD)

The largest single category is now the
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Takeaway: Strategies premised solely on detecting structural
disease will inevitably miss the majority of events.




Traditional Autopsy: Nothing Found

When a comprehensive autopsy identifies no
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structural cause, the death is classified as Autopsy- —
Negative Sudden Unexplained Death.

* Molecular Autopsy

Postmortem genetic testing yields an actionable,
pathogenic variant in 13%+ of expertly adjudicated
cases (predominantly RYR2 and KCNQ1 variants).

The Family Impact

A diagnosis in the deceasedisa |
vital prevention strategy for the
living. It unlocks targeted
cascade screening for siblings,
parents, and children who may
share the concealed risk.




The Athlete’s Heart The
. . Pathological
 Symmetric eccentric Heart
remodeling (chambers
enlarge proportionately). « Asymmetric hypertrophy.

« Resting sinus bradycardia
(low heart rate from vagal
tone).

e |mpaired diastolic
function.

* Presence of late
gadolinium enhancement
(fibrosis) on Cardiac
MRI.

* Diagnostic Gray Zone:
13-15mm left ventricular wall
thickness in male endurance
athletes heavily overlaps
with disease markers.

Takeaway: Misclassification carries heavy costs in both directions. An athlete’s
heart built by training can look dangerously like a sick heart on paper.
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Refining the Radar: The Evolution of ECG Criteria
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The Hidden Costs of Screening

Abnormal
Screen

Triggers costly secondary
evaluations
(Echocardiography, Cardiac
MRI, Ambulatory monitoring).

The Maze

(The False-Positive Interval)

Lasts weeks or months.
Introduces severe anxiety, loss of
athletic identity, and intrusive thoughts

about dying during exertion.

Clearance /
Secondary Tests

Reassurance after a
negative workup does not
reliably return people to
baseline.

The Equity Gap

Uninsured or underinsured athletes are stranded in the diagnostic cascade, facing
an agonizing choice to either abandon sports or play with uncharacterized risk.

Takeaway: Screening without a funded, accessible pathway to secondary evaluation is not a neutral intervention—it widens inequity.




The Future of Detection: AI and Wearables

Wearable Devices

The Promise:
Exceptional for opportunistic, long-term monitoring. Capable of capturing
symptomatic paroxysmal arrhythmias missed by standard 24-hour holters.

The Limit:
Single-lead recordings cannot assess chamber enlargement or critical axis
criteria. High false-positive burden in healthy young users.

Artificial Intelligence (AI-ECG)
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The Promise:
Deep learning models can identify electrocardiographically concealed diseases
(like Long QT) that lack a pathognomonic signature visible to the human eye.

The Limit:
Requires massive validation in athlete-specific populations. Al that flags
disease without accessible secondary care only exacerbates equity gaps.




Exertional Syncope

Fainting DURING play is the
ultimate red flag. It must be
presumed cardiac until proven
otherwise. (Post-exertional syncope

is often benign; mid-exertion is not).

Abrupt Palpitations

A racing or fluttering heartbeat
that starts and stops
instantaneously, especially if
paired with lightheadedness.

Warning Signs Worth Checking

Disproportionate
Dyspnea

Getting severely out of breath
compared to teammates doing the

exact same workload, representing
a sudden decline in baseline capacity.

Premature
Sudden Death

A first-degree relative dying
suddenly and unexpectedly before
the age of 50, or unexplained
drownings/single-vehicle accidents
in the family history.



The New Standard of Care: Shared Decision-Making

Clinical Reality

Accurate diagnosis,
continuous risk stratification,
and guideline-directed
medical therapy.

Athlete Values
Acknowledging the psychological

"“*--J | and professional weight of the
(R athlete's identity, risk tolerance,

Individualized | and aspirations.

Management / \ &2

Supervised Return

Outcome data confirms that athletes returning
to play under expert supervision and specific
therapies experience far lower breakthrough
event rates than historically assumed.

Takeaway: Categorical disqualification is obsolete. Risk is managed collaboratively, with the
exception of prohibitive conditions (e.g., active myocarditis, certain high-risk variants).




Synthesis: The Chain of Protection
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Refined Screening Shared Decision-Making Longitudinal Surveillance Emergency Action

ECGs catch electrical flaws, but Individualized management reduces Serial imaging and repeat stress Because the first three layers will always
miss coronary anomalies and risk, but disease phenotypes can testing monitor changes, but intervals have holes, immediate on-site response is
concealed channelopathies. evolve invisibly. between tests leave blind spots. the ultimate, non-negotiable lifesaver.




The Ultimate Safety Net: Emergency Action Plans

The Target: < 3 Minutes

Defibrillator placement must
support a collapse-to-shock
interval of under three minutes
from any point of athletic activity.

The Critical Failure
Point: Recognition

Bystanders are primed to interpret
a cardiac arrest as something else.
Agonal gasping is misidentified as

breathing; sudden initial jerking is

fatally misidentified as a seizure.
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Final Note:

Sudden cardiac arrest will occur regardless of screening strategies.
Survival is determined entirely by what happens in the first three minutes.

The Outcome

When schools and teams
implement rehearsed
Emergency Action Plans
with immediate chest
compressions and early
defibrillation, survival
rates far exceed those of
the general public.



