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HISTORICAL BACKGROUND

The law introduced for the first time in the world the idea of a
mandatory pre-participation cardiovascular screening with
the use of the electrocardiogram (ECG).

This model of screening (Italian model) has been progressively
exported to many other countries, particularly in Europe, and
scientifically shared by prestigious researchers and institutions, such
as the IOC (International Olympic Committee) and ESC.
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Cardiovascular pre-participation screening of young
competitive athletes for prevention of sudden
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Trends in Sudden Cardiovascular Death
in Young Competitive Athletes D. Corrado et al.

After Implementation of a
Preparticipation Screening Program

Figure. Annual Incidence Rates of Sudden Cardiovascular Death in Screened Competitive

Athletes and Unscreened Nonathletes Aged 12 to 35 Years in the Veneto Region of Italy
(1979-2004)
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During the study period, the annual incidence of sudden cardiovascular death decreased by 89% in screened
athletes (P for trend <.001). In contrast, the incidence rate of sudden cardiovascular death did not demon-
strate consistent changes over time in unscreened nonathletes.




Sudden Cardiovascular Death in Sport

LAUSANNE RECOMMENDATIONS

Under the umbrella IOC Medical Commission
10 December 2004

PREPARTICIPATION CARDIOVASCULAR SCREENING

“Sudden death” in sport has to be fully appreciated. The leading cause (more than
90%) of non-traumatic sudden death in athletes is related to pre-existing cardiac
abnormality.

For the purpose of this recommendation, sudden cardiovascular death is defined as:
Death occurring within one hour of the onset of symptoms in a person without a
previously recognised cardiovascular condition that would appear fatal: this excludes

cerebrovascular, respiratory, traumatic and drug related causes.

The purpose of this recommendation is to identify, as accurately as possible, athletes
at risk in order to advise them accordingly.




2020 ESC Guidelines on sports cardiology and
exercise in patients with cardiovascular disease
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The definitions are important - 1

» One of the most important and confounding points Is what
“sports activity” or “athletes” or “eligibility” means in the
different countries and what Is the difference between
competitive and recreational sports.

» The term “competitive” should be restricted only to the
Individuals /athletes (generally young), who take part in
official and systematic training and competitions to achieve
athletic excellence. In Italy they need certificate of
competitive sports eligibility.




The definitions are important - 2

 All the remaining activities should be included in recreational
and leisure-time sport activities.

» These activities are completely different from competitive
sports, are usually of low/moderate intensity, practiced for 150
minutes/wk and do not have any relation with athletic
performance or sports eligibility (certificate)

 This regular physical activity Is beneficial for the patients with
heart disease and the recommendations should be less restricted
than for competitive sports




Cardiovascular Effects of Physical Exercise the Dark Side

of the Moon
= Benefits — leisure activity » Risks — competitive sports
* Primary and Secondary * |[nasymptomatic subjects with
prevention of cardiovascular underlying disease

disease




Circustamces in which SCD occurred

~ COMPETITION
= TRAINING B
= OTHER CIRCUMSTANCES

= PRE-COMPETITION

= POST-COMPETITION

= POST-TRAINING




Questions
N
competitive
sports

May some causes of cardiac arrest in
top level athletes remain clinically
concealed?

Is cardiovascular screening before
participation in sports of limited
efficacy for identification of athletes
with at-risk cardiovascular disorders?

How can we reduce the risk of fatalities
among competitive athletes ?



AED
Secondary Prevention
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Strength of Rationale for ECG Screening

Athlete Risk
Incidence of SCA/D in Targeted Athlete Population

Resources
ECG Interpretation / Secondary Testing / Cardiology Partnership

Assessment of Benefit to Harm High
False-positives vs. Risk Reduction

Requirements
Team or Institutional Standard / League Policy
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False Positive Results

Total QT Interval T-Wave Inversions  Other EST Holter  Cardiac MRl  Other

ECG Abnormalities by 2010 ESC, Seattle, Secondary Investigations Following
Refined & International Criteria Screening for Each Criteria

2010 ESC m Seattle mRefined mInternational




Cost efficacy of the screening

CENTRAL ILLUSTRATION: Costs of ECG Screening in Athletes: Comparison
of the 2010 ESC Recommendations and Seattle and Refined Criteria Per Athlete

2010 ESC#
Seattle

Refined

20 30 40 50 60 70 80 90
Dollar Cost per Athlete

Screening cost (history, Further evaluation triggered
physical examination, and ECG) by T-wave inversion

Further evaluation triggered
by history and physical
examination

Further evaluation triggered
by other ECG abnormalities

Dhutia, H. et al. J Am Coll Cardiol. 2016;68(7):702-11.




Cultural Background +

Expertise <+

Correct interpretation
of the medical
examination

(False Positives)




Decreasing efficacy of screening in relation to the complexity
of diagnostic tests

Importance of back-up AED

Prevalence of causes of CA/SD

Hx&PE ECG ECHO ET HOLTER CMR

Corrado D et al. Eur Heart J 2022




DIAGNOSTIC WORK-UP FOR THE ATHLETE’S HEART

Personal history

Exercise stress
echocardiography

Family history

24-hour ECG
monitoring

Scintigraphy - SPECT
or PET

© O
L 0O

Step by step approach
to the athlete's heart

First-line screening tool

Suspected
structural
CV disease or
heart rhythm
disorder

Second-line CV evaluation

Abnormal, uncertain |
and/or controversial
findings
at first- and second-
line investigations |

‘ 12-lead resting ECG

‘ Physical examination ‘

-

’ Exercise stress test \ \

s ‘ Genetic testing
CMR - CCT ’

Palermi S et al. EJPC 2024



ARTFICIAL INTELLIGENCE?

S. Palermi et al.

DL-equipped digital
stethoscope

Al-driven chatbots

Integration o
- genomic data
DL ECG ey with clinical data
processing to csical E inag: using Al
identify 2 .
unknown SCD- Next-Generation
related pattern Sequencing

AT model for EST
and CPET _ .
interpretation Al-driven analysis:
reducing SCD riskin

E Al-guided
L integration of
=g ! r wearables and

DL Echo-image Y ‘ clinical data

detection system s <
Nanomaterial-

Differential based sensors

diagnosis in grey
zones with Al-
based model

MRI, CCT
and

DL
CMR/CCT \ protocols for
detection C—I hybrid and live
system — imaging

Radiomics

Figure 4 The potential use of Al in sports cardiology. CV, cardiovascular; DL, deep learning; CMR, cardiac magnetic resonance; CCT, computed
coronary tomography; SCD, sudden cardiac death; Al, artificial intelligence; EST, exercise stress test; ECG, electrocardiography; PPS, pre-participation
screening; ECHO, echocardiography.




3. Shared Decision Making

2. Risk Stratification
4. Treatment

©ESC 2020
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Exercise

Type of sport
Intensity/ duration vs. recovery
Years of competition

Personal Greatest Environmental
Gender, body habitus, Md Drugs, nutrition,

AL WS - ’
blood pressure amas iliness, heat, altitude

Polygenic predisposition
Multiple polymorphisms
Modifying genes
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Ventricular Tachyarrhythmias in Athletes

Long-Term Clinical Significance
of Frequent and Complex Ventricular
Tachyarrhythmias in Trained Athletes

Alessandro Bifi, MD,* Antonio Pelliccaa, MD,* Luisa Verdile, MD,* Fredrick Fernando, MD,*
Antonio Spataro, MD,* Stefano Caselli, MD,* Massimo Santini, MD,T Barry J. Maron, MD, FACC+
Rome, Italy, and Minnecapolis, Minnesota

OBJECTIVES The aim of this study was to clarify the clinical relevance of ventricular tachyarrhythmias
assessed by 24-h ambulatory clectrocardiograms (ECG) in a large, unique, and prospectively
cvaluated athletic population.

BACKGROUND For athletes with ventricular tachyarrhythmias, the risk of sudden cardiac death associated
with participation in competitive sports is unresolved.

We assessed 355 competitive athletes with ventnicular arrhythmias (VAs) on a 24-h
ambulatory (Holter) ECG that was obtained because of cither palpitations, the presence of
=3 premature ventricular depolarizations (PVDs) on resting 12-lcad ECG, or both.
Athletes were segregated into three groups: Group A with =2,000 PVDs/24 h (n = 71);
Group B with =100 <2,000 PVDs/24 h (n = 153); and Group C with only <100 PVDs/24
h (n = 131). Cardiac abnormalitics were detected in 26 of the 355 study subjects (796) and
were significantly more common in Group A (21/71, 30%) than in Group B (5/153, 3%) or
Group C athletes (0/131, 09 p < 0.001). Only the 71 athletes in Group A were excluded
from competition. Duning follow-up (mean, 8 yecars), 70 of 71 athletes in Group A and cach
of the 284 athlctes in Groups B and C have survived without cardiovascular events. The
remaining Group A athlete died suddenly of arrhythmogenic night ventricular cardiomyop-
athy while participating in a ficld hockey game against medical advice.

Frequent and complex ventricular tachyarrhythmias are common in trained athletes and are
usually unassociated with underlying cardiovascular abnormalities. Such VAs (when unasso-
ciated with cardiovascular abnormalitics) do not convey adverse clinical significance, appear to
be an expression of “athlete’s hecart syndrome,” and probably do not per sc justify a
disqualification from competitive sports. (J Am Coll Cardiol 2002;40:446-52) © 2002 by
the American College of Cardiology Foundation

... ventricular tachyarrhytmias are common in trained
athletes and are

, appear to be an expression of
athlete’s heart syndrome”.

Biffi et al.
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Borderline ECG Findings
*  Left axis deviation

*  Leftatrial enlargement
*  Right axis deviation

International recommendations for

Moabitz Type | 2° AV block *  Right atrial enlargement rrhythmi . o | )
y — aryamis electrocardiographic interpretation in athletes
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Structural Cardiac
Abnormalities

Electrical Cardiac Acquired Cardiac
Abnormalities Abnormalities




Genetic risks and triggers Dominant subtype
for VA/SCD of WA (%)
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Figure 1 Central figure. Genetic risk for WASSCD, typical triggers for VASSCD, age at presentation with WA/SCD, sex predominance, and typical WA
(PYTNF ws. MVT) in different diseases associated with VASSCD. ACS, acute coronary syndrome; ARVC, arrhythmogenic right ventricular cardiomyop-
athy; BrS, Brugada syndrome; CAD, coronary artery disease; CPWT, catecholaminergic polymorphic ventricular tachycardia; DCM, dilated cardiomyop-
athy; HCM, hypertrophic cardiomyopathy; LOQT, long QT syndrome; MYT, monomorphic ventricular tachycardia; PVT, polymorphic ventricular
tachycardia; rTOF, repaired tetralogy of Fallot; 5CD), sudden cardiac death; VA, venbricular arrhythmia; VF, ventricular fibrillation.




Tipica aritmia ventricolare idiopatica/benig'na ad origine
dal tratto d’efflusso del ventricolo destro (BBSn + Asse Inferiore)



Canoeist, male, 24 yrs, with ARVD
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Symptoms related SCA

« Syncope/presyncope (in particular during exercise),
palpitations, lightheadedness, exertional fatigue must be
regarded with great attention when they occur in an athlete,
for the possibility that such symptoms may represent the
clinical expression of a malignant arrhythmia.







@ E S C European Journal of Preventive Cardiology (2024) 00, 1-3 INVITED EDITORIAL

European Society hwps://doi.org/10.1093/eurjpe/zwae002
of Cardiology

The heart of the matter: understanding the

implications of detraining on cardiac health

Alessandro Biffi ® '* and Stefano Palermi ® "2

"Med-Ex, Medicine & Exercise, Medical Partner Scuderia Ferrari, via Vittorio Veneto 108, 00187 Rome, Italy; and *Public Health Departrnent, University of Maples Federico I, via Pansini 5,
80131 Maples, Italy
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PVDs at Peak Training and after Deconditioning and Re-
Training
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) s Biffi A et al: Am J Cardiol 2011




PVBs in athletes

Initial diagnostic workup
(ECHO, EST, Holter ECG*)

> High-arrhythmic risk**

X

Further diagnostic workup
(MRI, CT, EP)

Positive family history

Symptoms exercise-induced No CV abn;rma"ties#

Uncommon ECG abnormalities

Uncommon PVB morphology

Polymorphism, rapid NSV T e
.. (60-90 days)

Exercise-induced PVBs

Y

Arrhythmia burden
Arrhythmia burden reduction persistence or increase

Biffi A, Palermi S, D’ Ascenzi F, Bonifazi M, Zorzi A, Corrado D British Journal of Sports Medicine 2024




SUMMARY

Sudden cardiac death associated with athletic activify is a rare bt
devastating event. Victims can be young and apparemtiy hreatthy,

and while[many of these deaths are unexplained,]a substantial
number h scular disease.

The incidence of SCD among young athletes is actually quite low,
estimated to be between 1'50 000 and 1:100,000 young athletes
' iaci aaults) closer to 1:7000

heahhy

Due to the devastating nature of SCD and the potential to detect
many of the associated disorders with noninvasive testing, there is
g strong incentive to screen athletes for these disorderg prior to
athletic participation. However, there are a number of obstacles to

widespread screening, including the large numbers of competitive
athletes, low prevalence of congenital heart disease, and the
impact of uncertain or false-positive results, as well as logistic
inadequacies and legal considerations.




Italian Perspective

Final Conclusions

* It should be reiterated that the assumptions
underlying the Italian protocols (COCIS 6" Edition),
in the past and in the future, are not only of
scientific nature, but respond to the mandatory
medico-legal requirements deriving from the
application, unique in the world, of the 1982 law on
the protection of competitive sporting activity in
Italy.

Therefore, the peculiarity of the Italian guidelines is
further reaffirmed here and differentiated from the
other guidelines, both for the aforementioned
cultural substratum of medico-legal nature, and for
the peerless forty years of scientific experience and
territorial health screening organization (FMSI).

~Msi






Nearly 35 years after its initial publication in 1989, the Italian Federation of Sports
Medicine (FMSI), in collaboration with other leading Italian Cardiological Scientific

Associations, presented the 2023 version of the Cardiological Guidelines for

Competitive Sports Eligibility. (COCIS) This update supersedes the previous guidelines

published in 2020, offering a comprehensive and detailed guide for the participation of

This edition incorporates the latest advances in cardiology and sports medicine,
providing current information and recommendations. It addresses various topics,

including contraindications and recommendations for athletes with various heart

conditions and screening strategies.




For the first time, these guidelines have been recorded in the Italian Guidelines

Registry of the Italian Minister of Health, underscoring the guidelines' quality and

dependability. A notable feature of this update is the inclusion of the class of

recommendation and level of scientific evidence, facilitating the guidelines’
interpretation and application in clinical practice by healthcare providers.
Overall, this revised version of the Cardiological Guidelines for Competitive
Sports Eligibility stands as a crucial resource for sports medicine professionals,

cardiologists, and healthcare providers, marked by its completeness, reliability,

and scientific thoroughness. It is an indispensable tool for those involved in the

and management of athletes with heart conditions.
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