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ABSTRACT

Nearly 35 years after its initial publication in 1989, the Italian Society of Sports Cardiology and the Italian Federation
of Sports Medicine (FMSI), in collaboration with other leading Italian Cardiological Scientific Associations (ANCE
— National Association of Outpatient Cardiology, ANMCO — National Association of Inpatient Cardiology, SIC — Ital-
ian Society of Cardiology), proudly present the 2023 version of the Cardiological Guidelines for Competitive Sports
Eligibility. This publication is an update of the previous guidelines, offering a comprehensive and detailed guide for
the participation of athletes with heart disease in sports. This edition incorporates the latest advances in cardiology and
sports medicine, providing current information and recommendations. It addresses various topics, including the details
of the pre-participation screening in Italy and recommendations for sports eligibility and disqualification in competitive
athletes with various heart conditions. This revised version of the Cardiological Guidelines for Competitive Sports Eligi-
bility, recorded in the Italian Guidelines Registry of the Italian Minister of Health, 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 care, management and eligibility process of competitive
athletes with heart conditions.

(Cite this article as: Zeppilli P, Biffi A, Cammarano M, Castelletti S, Cavarretta E, Cecchi F, et al. Italian Cardiological Guide-
lines (COCIS) for Competitive Sport Eligibility in athletes with heart disease: update 2024. Minerva Med 2024;115:533-64.
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early 35 years after its initial publication in

1989, the Italian Society of Sports Cardiolo-
gy and the Italian Federation of Sports Medicine
(FMSI), in collaboration with other leading Ital-
ian Cardiological Scientific Associations (ANCE
— National Association of Outpatient Cardiology,
ANMCO - National Association of Inpatient
Cardiology, SIC — Italian Society of Cardiol-
ogy), proudly present the 2023 version of the
Cardiological Guidelines for Competitive Sports
Eligibility. This update supersedes the previous
guidelines published in 2020, offering a compre-
hensive and detailed guide for the participation
of athletes with heart disease in sports.!-3 This
edition incorporates the latest advances in car-
diology 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 guide-
lines’ quality and dependability. A notable feature
of this update is the inclusion of the class of rec-
ommendation and level of scientific evidence,
facilitating the guidelines’ interpretation and
application in clinical practice. Overall, this re-
vised version of the Cardiological Guidelines for
Competitive Sports Eligibility stands as a crucial
resource for sports medicine professionals, cardi-
ologists, and healthcare providers, marked by its
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completeness, reliability, and scientific thorough-
ness. It is an indispensable tool for those involved
in the care, management and eligibility process of
competitive athletes with heart conditions.

Class of recommendation

The indications for sports participation are delin-
eated into classes of recommendation as follows:
* Class I: There is evidence and/or general
agreement that a given competitive sport is safe,
beneficial, useful, and effective. Indication: The
athlete can participate in competitive sports.

¢ Class II: There is conflicting evidence and/
or a divergence of opinion about the usefulness/
effectiveness of the given competitive sport. In-
dication: The athlete may participate in competi-
tive sports after an individualized evaluation.

* Class II: There is evidence or general
agreement that the given competitive sport is po-
tentially harmful. Indication: The athlete cannot
participate in competitive sports.

Levels of evidence

* Level A: Data derived from multiple ran-
domized clinical trials or meta-analyses.

» Level B: Data derived from a single ran-
domized clinical trial or large non-randomized
studies.

* Level C: Consensus of the experts and/or
small studies, retrospective studies, and regis-
tries.
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Classification of sports

The classification of sports based on cardiovas-
cular (CV) involvement is crucial for establish-
ing eligibility criteria, particularly in individuals
with heart disease or cardiac abnormalities. This
classification is grounded in the acute physi-
ological responses of the heart and blood vessels
to exercise, the specific adjustments necessitated
by each sport and discipline, and the long-term
adaptations resulting from regular exercise or
training.4 This framework aids sports physicians
in assessing the CV risks associated with partici-
pation in various sports disciplines. Systematic
training leads to the remodeling of the CV sys-
tem, termed adaptation.5 The significant differ-
ences in stimuli over time, regarding type, dura-
tion, and intensity of training and competition,
contribute to the diverse adaptations of the CV
system. The acute responses to physical exercise
are characterized by changes in heart rate (HR),
blood pressure (BP), and peripheral resistance,
as well as by the nature of the stimulus (e.g., con-
tinuous or intermittent). Consequently, the pro-
posed classification of sports activities considers
the long-term CV adaptations related to physical
activity, including changes in cardiac volumes,
wall thicknesses, and mass (Figure 1).

Group A includes sports where excellence is
attributed to the athlete’s technical skills, prompt-
ing a response from the neuro-adrenergic system
with moderate increases in HR and BP, such as
golf, table tennis, bowling, sailing, and eques-
trian. The hemodynamic overload is minimal
or nonexistent in these disciplines, so the heart

& 0
A X X ~‘K
Group A Group B Group C Group D

Skill Power Mixed Endurance

Heart rate +/++ ++ ++/+++ +++

Blood
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Cardiac
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Figure 1.—Classification of sports activities based on car-
diovascular involvement.
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does not experience significant morphological
changes. Power sports (Group B) are marked by
anaerobic energy utilization, leading to brief BP
spikes but only modest HR increases. This anaer-
obic activity contributes to increased myocardial
mass due to a slight thickening of the walls, with
little to no increase in ventricular volumes. Ex-
amples include weightlifting, boxing, and sprint
running. Endurance sports (Group D), such as
marathon running, cross-country skiing, cycling,
and swimming, involve continuous cardiac en-
gagement. These sports are characterized by iso-
tonic-dynamic muscular activity, predominantly
powered by aerobic energy, which results in an
increased cardiac output, primarily due to an in-
creased preload. Consequently, as per Laplace’s
law, there is a predominant increase in all en-
docardial dimensions and a parallel, though not
marked, increase in left ventricular wall thick-
nesses. Group C encompasses sports that com-
bine aerobic and anaerobic metabolism, leading
to intermittent increases in preload (and/or after-
load) with intense periods of activity alternating
with recovery phases. This is typical in team ball
sports such as soccer, rugby, basketball, and vol-
leyball. In these instances, the adaptive stimulus
on the heart enlarges the endocardial dimensions
alongside a parallel, albeit modest, increase in
left ventricular wall thicknesses.

These adaptations also depend on the athlete’s
role. However, it is essential to recognize that the
relationship between sports activity and the CV
system does not always adhere to simple patho-
physiological frameworks. The CV engagement
and the consequent risk associated with various
sports disciplines, while classifiable into reason-
ably homogeneous groups, vary according to the
specific traits of the sport in question and external
factors like concurrent illnesses, the athlete’s psy-
chological state, and environmental conditions.

Sports physicians must also acknowledge that
some sports feature different specialties, each
with distinct CV adaptations. A notable aspect in
assessing CV risk in sports is the ‘intrinsic risk’
linked to certain sports activities performed in
adverse environments (e.g., underwater sports,
mountaineering, motorsports). In these disci-
plines, the potential for pre-syncopal or syncopal
episodes can pose a risk to athletes and specta-
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tors, as seen in motorsports. Furthermore, it is
plausible that CV risk is heightened in contact
sports, where chest contusions or severe cardiac
reflex stimulations, such as head injuries, can
trigger the onset of arrhythmias.

Pre-participation screening in Italy

Since 1982, Italy has mandated that every ath-
lete undergo a pre-participation sports medicine
evaluation to secure eligibility for competitive
sports.6 7 This screening aims to detect CV ab-
normalities that could increase the risk of sudden
cardiac death during sports activities.8 The com-
prehensive Italian pre-participation screening
protocol encompasses the collection of personal
and family medical histories, a physical exami-
nation, spirometry, a urine test, a 12-lead elec-
trocardiogram (ECG), and exercise stress testing
(EST) (Figure 2). Should any positive findings
emerge, further second- and third-line CV diag-
nostic techniques should be employed to rule out
CV diseases.% 10

COCIS FOR COMPETITIVE SPORT ELIGIBILITY IN ATHLETES WITH HEART DISEASE

ECG alterations in mid to high-level competi-
tive athletes are categorized into two main types:
common/training-related and uncommon/train-
ing-unrelated.!! This classification is not suitable
for less-trained individuals or beginners in sports.
The “uncommon” anomalies are subdivided into
“major” and “minor,” depending on the probabil-
ity of underlying heart disease, which requires a
comprehensive clinical and instrumental assess-
ment. The decision to conduct further investiga-
tions for isolated minor alterations must be made
on a case-by-case basis, guided by clinical suspi-
cion (Figure 3).

Exercise testing can be conducted via:

* Step test: In line with the 1982 Ministerial
Decree, the step test is a practical alternative to
the competitive certification screening protocol.
It is designated for male participants under 40
and female participants under 50. The proce-
dure entails continuous 12-lead ECG monitoring
throughout the 3-minute test, extending monitor-
ing at least until the second minute of recovery,

Competitive athletes

12-leads ECG, EST

Family and personal history,
physical examination, spirometry, urine test,

Negative findings

No evidence of CV
disease

Eligibility for
competition

A

Figure 2.—The Italian preparticipation screening flow chart.

Positive findings

Further examinations (ECHO, Holter*,
C-MRI, Coro-CT, EPS)

Diagnosis of CV disease

Management according
to established protocols

*Holter: 12-lead 24-hour ambulatory ECG monitoring, including a training session.
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Group 1:
Common and
training-related

- Bradycardia, sinus arrhythmia Minor

- 1st AVB

- 2nd-degree type 1 AVB - Left axis deviation

- Right axis deviation

- Incomplete RBBB

- Increased QRS voltages for LVH - Left atrial
or RVH enlargerr_'nent
- Twave inversion in V1-V3in - Right atrial

enlargement

- Complete RBBB

- Low QRS voltages in
the peripheral limb
leads

prepubertal age

- T wave inversion in V1-V4
preceded by ST-segment
elevation

- Ectopic atrial or junctional
rhythm

Group 2:

Uncommon and
training-unrelated

Figure = 3.—Electrocardio-
graphic findings in competi-
tive athletes.

AVB: atrioventricular block;
RBBB: right bundle branch
block; LVH, left ventricu-
lar hypertrophy; RVH, right
ventricular hypertrophy;
LBBB: left bundle branch
block; PVBs, premature ven-
tricular beats.

Major
- T wave inversion
- St-segment depression
- Pathological Q waves
-LBBB
- Pre-excitation
- Short or long QT interval
- Brugada-like early
repolarisation
- PVBs
- Ventricular or
supraventricular
tachyarrhythmias
- 2nd-degree type 2 AVB
- 3rd degree AVB

following the methodology described by Mon-
toye et al.12

« EST: This test is recommended for male
participants aged 40 and above and female par-
ticipants aged 50 and above. However, clinical
conditions might necessitate its use for males un-
der 40 and females under 50. It assesses various
factors, including typical St-T segment varia-
tions, symptoms, BP, chronotropic response to
exercise, the potential induction of arrhythmias,
cardiorespiratory fitness, and the interaction be-
tween sinus and atrioventricular bradyarrhyth-
mias during physical exertion. Additionally, it
examines the QT interval and delta wave behav-
iors in Wolff-Parkinson-White syndrome. The
protocols, either stepwise or ramp, are designed
to reach maximal HR and are halted solely due
to the athlete’s inability to continue or for clini-
cal reasons such as symptoms or ECG changes.!3
Monitoring is recommended to continue until at
least the fourth minute of recovery.

In analyzing these tests, it is crucial to weigh
the athlete’s CV risk and the CV demands of
the chosen sport. The risk assessment for the
athlete can employ parameters from the Euro-
pean Society of Cardiology (ESC) guidelines,
including the Systematic Coronary Risk Evalu-
ation (SCORE) model, particularly SCORE2/
SCORE2-OP, to estimate the 10-year risk for
fatal and non-fatal CV events.!4 This aids sports
physicians in evaluating the athlete’s risk level.
Today, various diagnostic tools are available to
detect the presence and quantify the extent of

Vol. 115 -No. 5

coronary artery disease.!S Coronary Computed
Tomography Angiography (CCTA) is recognized
as the gold standard anatomic test for intermedi-
ate-risk subjects.!6.17 The Swedish Cardiopulmo-
nary Bioimage (SCAPIS) Study, which included
over 25,000 individuals without known coronary
heart disease, found CCTA-detected atheroscle-
rosis in 42.1% of participants: the onset of ath-
erosclerosis was delayed by an average of 10
years in women, and atherosclerosis was more
prevalent among older individuals.!$ Thus, a
modern prevention strategy (especially for com-
petitive master athletes over 50 years old) could
take into consideration a broader indication of
CCTA in the future.# However, given the Italian
legislative context and its focus on protecting
vulnerable individuals from sports-related con-
sequences, a widespread “screening” is currently
impractical for the national health system due to
the lack of prospective data. Therefore, although
EST has a lower diagnostic specificity for myo-
cardial ischemia than CCTA, especially in as-
ymptomatic individuals, screening with CCTA
is not feasible for the athletic population. Con-
sequently, the decision to conduct a CCTA for
screening should be carefully made and linked to
the risk assessed through SCORE2/SCORE2-OP
(Figure 4).

Arrhythmias

The recommendations for sports eligibility and
disqualification in athletes with brady- and tachy-
arrythmias are summarized in Table I, I, III.
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Low SCORE2/SCORE2-OP

Coro-CT
not
necessary
Mod SCORE2/SCORE2-OP ———|" Familial hypercholesterolemia
oderate . - CV history*
1-2 CV risk
factors**
- CVrisk factors** (é%r;zl_dcgrr
High SCORE2/SCORE2-OP  |—————{ - ECHO

- Carotid ultrasound

>3 CV risk
factors**

CV systemic damage indicators#

Figure 4 —Indications on when to perform a coronary CT angiography in the sports eligibility evaluation of an athlete with
a negative exercise stress testing.

*CV history: CAD familiar history, coronary revascularization familiar history, SCD familiar history (1st-grade relatives
who died suddenly <55 aged if male or <65 aged if female); **CV risk factors: male sex, smoking habits, abnormal Low-
Density-Lipoprotein (LDL) (>55 mg/dL if <70 age, >100 mg/dL if >70 age), high BP, impairing fasting glycemia (IFG)
(110-126 mg/dL), obesity (Body Mass Index >30 kg/m2, waist circumference >102 cm if male, >88 if female); *CV systemic
damage indicators: eccentric LV hypertrophy, atherosclerotic plaques at carotid ultrasound (>1.5 mm thickened), 3rd-grade

kidney failure (Glomelural Filtration Rate <60 mL/min), long-standing diabetes mellitus (more than 10 years).

Because of increased vagal tone, athletes often
exhibit sinus bradycardia and/or AV nodal atrio-
ventricular blocks.? Similarly to sedentary indi-
viduals, athletes can experience arrhythmias un-
related to sports activities. Arrhythmias such as
sporadic premature ventricular beats (PVB) are
common and typically lack a pathological foun-
dation. Conversely, some arrhythmias may arise
from congenital anomalies of the conduction
system (e.g., Wolff-Parkinson-White Syndrome)
or organic heart disease (such as coronary heart
disease - CHD or cardiomyopathies). Identifying
organic heart disease during screening is a pri-
mary goal in preventing malignant arrhythmias
in athletes.

Objectives and eligibility criteria
The conditions analyzed in this document for
granting competitive sports eligibility include:

* symptoms of a suspected arrhythmic nature
(syncope, pre-syncope, and palpitations);

538 MINERVA MEDICA

* documented arrhythmias;

* heart disease predisposing to malignant ar-
rhythmias;

* individuals treated with transcatheter abla-
tion;

* individuals with pacemakers (PMK) or im-
plantable cardioverter-defibrillators (ICD).

Regarding heart diseases predisposing to ma-
lignant arrhythmias, this chapter discusses con-
ditions occurring in the absence of structural
heart disease, such as Wolff-Parkinson-White
(WPW) syndrome and ion channel diseases.
Please refer to the relevant chapters for struc-
tural pathologies (cardiomyopathies, ischemic
heart disease, etc.).

Eligibility is determined based on the risk that:

» An arrhythmia may cause significant hemo-
dynamic repercussions due to excessively high
or low HR during sporting activity, recovery,
and/or at rest;

¢ an arrhythmia may lead to pre-syncope, syn-
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TABLE L.—Recommendations for eligibility to competitive sports in athletes with sinus bradycardia, sinus arrhyth-
mia, sinoatrial blocks, and atrioventricular (AV) blocks.

Recommendation LOE COE

Sinus bradycardia, sinus arrhythmia, sinoatrial blocks

Eligibility is granted under all the following conditions: 1 B
» Absence of any heart disease that is incompatible with the sport;
* No symptoms related to bradycardia, such as syncope, pre-syncope, asthenia (weakness), dyspnea
(shortness of breath), or intolerance to effort;
« For individuals who, after first-level investigations, show no signs suggesting intrinsic sinus node
dysfunction (demonstrated by normal sinus response during effort and sinus pauses lasting less than 3
seconds);
« In highly trained athletes, particularly those engaged in aerobic sports, eligibility may be considered
even if resting HR is below 40 bpm and sinus pauses exceed 3 seconds, as long as there are no
bradycardia-related symptoms and EST confirms normal chronotropic competence;
« In cases where the diagnosis remains uncertain, a period of detraining lasting 2-3 months may be
recommended to observe if the bradycardia normalizes, aiding in the decision-making process regarding
eligibility.
Atrioventricular (AV) blocks and normal QRS
Eligibility is granted under all the following conditions: 1 B
« In the absence of any heart disease that is incompatible with sport;
« In the absence of symptoms correlated with bradycardia;
« In the presence of a narrow QRS complex or incomplete RBBB;
« In cases of first-degree AV block, when the PR interval normalizes during hyperventilation and physical
effort;
« In grade II AV block, Luciani-Wenckebach type (or Mobitz 1), in the event of normalization of AV
conduction with an increase in HR (as documented during ECG monitoring or EST).
Eligibility can be considered: 1I ©
« In cases of advanced and complete AV block documented during periods of vagal hypertonicity
(typically observed during the night) in the absence of pauses exceeding 3 seconds, which disappears
after a period of detraining;
« In congenital AV block with a tight QRS junctional rhythm greater than 40 bpm and a normal increase
during effort (eligibility limited to Group A sports).
Eligibility must be denied: I B
* In individuals with mutations in genes associated with conduction disorders;
« In cases of total congenital or acquired AV block, eligibility may be considered for sports other than
those categorized in Group A;
« If EPS, when applicable, indicates an infra- or sub-Hisian delay;
« Subjects exhibiting symptoms attributable to bradycardia.

TABLE I.—Recommendations for eligibility to competitive sports in athletes with intraventricular conduction dis-
turbances.

Recommendation LOE COE

Intraventricular conduction disturbances

Eligibility may be granted for athletes with intraventricular conduction disorders, specifically in cases of I B
RBBB and left anterior hemiblock, in the absence of a cardiac disease that is incompatible with sports
participation.
Eligibility could be considered for athletes with LBBB, RBBB + LAH, and RBBB + LPH, after excluding II @©
cardiomyopathy or congenital or acquired CAD, for participation in Group A sports. An individualized
assessment is recommended for eligibility in other sports
Eligibility must be denied, with exceptions subject to individual evaluation, in cases involving LBBB or I C
bifascicular blocks under the following circumstances:
« In the presence of a family history of SCD;
« In the presence of a family history of Lenegre disease, Brugada syndrome, or ion channel diseases;
« In the presence of suspected syncope or presyncope of cardiac origin, when the arrhythmic nature of the
syncope has not been definitively excluded;
« In the presence of heart disease incompatible with the sports practice or mutations related to genes
associated with conduction disorders.
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TABLE IIL.—Recommendations for eligibility to competitive sports in athletes with supraventricular premature
beats, paroxysmal supraventricular tachycardias, atrial fibrillation and atrial flutter, and ventricular pre-excitation.

Recommendation

LOE COE

Supraventricular premature beats

Eligibility can be granted to athletes with SPBs without major symptoms. 1 C

Paroxysmal supraventricular tachycardias
Eligibility is granted under all the following conditions:

I C

» Absence of major symptoms such as syncope or pre-syncope;
* The arrhythmia is sporadic and does not have a cause-and-effect relationship with the sports activity,

and the sports activity itself does not pose inherent risks;

* The arrhythmia, whether spontaneous or induced during an EPS, at rest and/or during exertion, does
not exhibit a high frequency (exceeding the expected maximal heart rate for the individual’s age).

Eligibility could be considered:

* In the absence of major symptoms such as syncope or presyncope;
« If your resting HR is slightly higher than the normal sinus rate and if, during exertion, the heart rate

does not exceed the maximum heart rate for age.
Atrial fibrillation and atrial flutter in the absence of WPW
Eligibility is granted under all the following conditions:

* There is an absence of heart disease incompatible with competitive sports and major symptoms;
 Any identifiable triggering cause (such as hyperthyroidism, alcohol, drugs, illicit substances, etc.) has

been identified and removed;

* There is no cause-effect relationship between sports activities and the arrhythmia;
* The arrhythmic episode is infrequent, has no high frequency, and has limited duration.
Eligibility could be granted to athletes with permanent AF or limited atrial flutter for low or moderate CV 11 C
commitment sports activities, provided there is no heart disease and significant symptoms, and the HR
during EST and ECG monitoring does not exceed the maximum HR for their age.
Eligibility must be denied for high-risk sports involving trauma if the athlete is taking anticoagulant I B

therapy.
Ventricular pre-excitation
Eligibility is granted under all the following conditions:

« In the absence of symptoms and for symptomatic athletes with pre-excitation patterns such as Mahaim,
if they meet the same eligibility criteria provided for episodes of supraventricular tachycardia;
« If an EPS induces pre-excited AF with a minimum R-R interval >250 milliseconds at baseline, during

isoproterenol infusion, or EST;

« If during EPS, 1:1 conduction through the anomalous pathway is interrupted with an atrial pacing cycle
length >250 milliseconds (at rest) and/or the effective refractory period of the anomalous pathway is
>250 milliseconds at rest, during isoproterenol infusion, or during EST;

« If AV reentry tachycardia is not inducible during EPS at rest and during isoproterenol infusion or

physical exertion.
Eligibility must be denied:

I B

« In individuals with documented episodes of tachycardia from AV reentry or symptoms suggestive of AV

reentry tachycardia;

« In cases where re-entry AV tachycardia is inducible during an EPS;

« In instances where, during EPS, AF is inducible with a minimum R-R interval between pre-excited beats
<250 milliseconds at rest and/or during EST or isoproterenol infusion.

« For prepubertal children, it is reasonable to adopt less restrictive eligibility criteria than those used for
adults, considering the theoretical risk of allo-induced AF. Specifically in EPS with a minimal R-R

interval between pre-excited beats <210 milliseconds at rest.

cope, and/or cardiac arrest, potentially resulting
in sudden death;

* sporting activity may unfavorably affect the
anatomical and electrophysiological substrate of
the arrhythmia, worsening or accelerating a po-
tential pathology or adversely altering the char-
acteristics of the arrhythmia itself.

The judgment of suitability may vary depend-
ing on the sport practiced, considering the dif-
ferent CV demands and the inherent risk of each
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sporting discipline. In sports with intrinsic risk,
even a benign loss of consciousness can result
in serious adverse events for the athlete and/or
spectators. Athletes with non-physiological ar-
rhythmias and/or significant symptoms (such
as syncope or tachycardia), where arrhythmo-
genic heart disease or an arrhythmia incompat-
ible with sports is suspected, must be suspended
from competitions until the completion of the
investigations.
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Bradycardia and conduction
disorders (activation delays)

Sinus bradycardia, sinus arrhythmia, sinoatrial
blocks

Sinus bradycardia is prevalent among athletes
engaged in aerobic sports. Even significant si-
nus bradycardia can be observed in elite athletes
without indicating any pathology. Typically, the
lowest frequencies and/or asystolic pauses oc-
cur during sleep, with pauses generally lasting
less than 3 seconds. However, in highly trained
athletes, these pauses may exceed this duration.
An EST normalizes bradycardia in healthy in-
dividuals, with the maximal HR being achieved
according to the formula (220 bpm - age).!9-22

AV blocks and normal QRS

First-degree atrioventricular (AV) block 1is
common in trained athletes engaged in aerobic
sports. Second-degree type 1 AV block (Luciani-
Wenckebach phenomenon) frequently occurs in
highly trained athletes, rarely observed in basal
ECG but commonly during sleep. Nocturnal, ad-
vanced AV block and asystolic pauses may occur
but are generally less than 3 seconds. AV block
in healthy athletes typically normalizes during
an EST. In such instances, further evaluations
are not usually necessary. However, in selected
cases, ambulatory ECG monitoring and an echo-
cardiogram may be required to rule out structural
heart disease. Mobitz 2 AV block and persistent
third-degree AV block necessitate a more com-
prehensive evaluation.?3

Intraventricular conduction disturbances

An incomplete right bundle branch block
(RBBB) is a common benign finding that typi-
cally does not prompt further investigation.
Complete RBBB is less common but generally is
not linked with heart disease, though it does re-
quire at least an echocardiogram for evaluation.

In contrast, left bundle branch block (LBBB)
and RBBB associated with left anterior hemi-
block (LAH) or left posterior hemiblock (LPH)
are rare and warrant additional investigations. In
certain cases, advanced-level diagnostics such
as CMR or electrophysiological studies (EPS)
may also be required.?4
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Supraventricular arrhythmias
in the absence of WPW

Supraventricular premature beats

The identification of supraventricular premature
beats (SPBs), particularly when frequent and/
or repetitive, necessitates the exclusion of illicit
drug use and hyperthyroidism.25

Paroxysmal supraventricular tachycardias

These arrhythmias are caused by a circuit with-
in the AV node (AV node reentry tachycardia -
AVNRT) or involve a concealed pathway (AV
reentry tachycardia - AVRT).25

Atrial fibrillation and atrial flutter in the ab-
sence of WPW

Paroxysmal and persistent atrial fibrillation (AF)
is the most common arrhythmia in adults, wheth-
er or not heart disease is present. Notably, AF is
a rare finding in young athletes, and it must be
investigated deeply. Factors such as hyperthy-
roidism, alcohol abuse, and illicit drug use may
increase the risk of AF. Some authors suggest
that sports activity, particularly among older ath-
letes and those engaged in endurance sports, may
contribute to AF; however, this hypothesis is still
debated.26-28

For athletes with AF, an echocardiogram, am-
bulatory ECG monitoring, and an EST are rec-
ommended to rule out heart disease. If there is
a suspicion that supraventricular tachycardia is
triggering AF, EPS may be beneficial. Permanent
AF typically precludes eligibility for competitive
sports involving medium to high CV demand.
Atrial flutter (whether paroxysmal, persistent, or
permanent) is rare in athletes without heart dis-
ease but can lead to elevated HRs during exer-
cise, making such arrhythmias generally incom-
patible with athletic activity at medium-high CV
demand.?®

Ventricular pre-excitation

WPW pattern and WPW syndrome

The WPW pattern, characterized by a short PR
interval and a delta wave, is caused by an anom-
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alous pathway (Kent bundle) with anterograde
conduction that connects the atria to the ventri-
cles, bypassing the AV node. WPW may spon-
taneously disappear with ageing. Individuals
with the WPW pattern may experience various
arrhythmias (WPW syndrome), including:

* atrio-ventricular orthodromic re-entrant
tachycardia (AVRT);

 antidromic AVRT (which is very rare);

 pre-excited AF. The latter, in the presence
of a short refractory period of the Kent bundle,
may progress to ventricular fibrillation, leading
to sudden death.30

Many asymptomatic individuals do not have
reentry arrhythmias because the anomalous path-
way lacks retrograde conduction. Therefore, as-
ymptomatic individuals, particularly the young,
are not assured to remain symptom-free over
time, necessitating thorough evaluation. The risk
of sudden death is generally low, especially in
asymptomatic patients.

The arrhythmic risk in individuals with the
WPW pattern should be assessed through EPS,
either transesophageal or endocavitary, based on
the inducibility of reentry arrhythmias and the
evaluation of the anterograde refractory period
of the Kent bundle. EPS can be bypassed in as-
ymptomatic patients exhibiting intermittent delta
waves during an EST and may be postponed in
asymptomatic children under 12 years of age
(Table IV).

Mahaim-type pre-excitation

Mahaim-type pre-excitation, a rare condition,
is characterized by an anomalous pathway with

COCIS FOR COMPETITIVE SPORT ELIGIBILITY IN ATHLETES WITH HEART DISEASE

decremental properties that typically connects
the right atrium to the right ventricle or the AV
node to the right ventricle. The presence of a
delta wave on the ECG can lead to many cases
being mistakenly identified as asymptomatic
WPW syndrome, with correct diagnosis often
only achieved during EPS. Most individuals with
Mahaim-type pre-excitation are asymptomatic.
AVRT, displaying an LBBB morphology, is the
most commonly induced or spontaneous arrhyth-
mia associated with this condition. The risk of
high-rate AF is very low.31. 32

Premature ventricular beats

Sporadic PVBs within 24 hours are common in
the general population, whereas frequent PVBs,
either singularly or in pairs, are relatively rare.
The presence or absence of heart disease primar-
ily influences the prognosis of single or paired
PVBs.33 In cases of underlying heart disease, the
risk is associated with the type of the disease it-
self. Primary cardiomyopathies and myocarditis
are the most common pathological conditions
found in athletes, especially those under 35 years
of age with PVBs.

Athletes with PVBs, identified incidentally
(during baseline ECG or the EST), require a level
II evaluation, including echocardiography, maxi-
mal exercise testing, and ambulatory ECG moni-
toring. Level III tests such as CCTA or CMR
might be necessary in selected cases (Figure 5).
Characteristics suggesting a higher likelihood of
underlying heart disease, and thus the need for
level III investigations, are detailed in Table V.34

TABLE IV.—Characteristics of premature ventricular beats that increase or decrease the probability of an underly-

ing heart disease.

Greater risk of heart disease

Less risk of heart disease

Family history

History of syncope/pre-syncope
ECG abnormalities

PVB’s morphology

4k -
+ -
+ -
Intermediate axis or higher (especially ~Lower axis (especially if with BBS
if with BBD pattern in V1 and QRS
duration >130ms)

pattern in V1), BBD with QRS
duration <130ms

Morphology numbers >1 1
Ergometric Test Increase/persistence of PVBs PVBs reduction
Complexity (close couples, +* -
TVNS, “R on T”)
Maximum Ergometric Test reproducibility/ + -
repeated Holter ECGs
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Athlete with PVBs

+
First-Line Tests:

+

(other than PVBs)?

Yes

Case-by-case
decision

History, P/E, ECG, blood tests, maximal exercise testing,
24-hour ambulatory ECG and echocardiography

Findings suspicious for heart disease

“es  No~
Ad hoc further tests AT-RISK
(cardiac MR, CCTA, genetic testing, PVBs features
EVM... see text for indications) see table
l Yei/ No
Diagnosis of disease at-risk of Cardiac MR
sudden death (consider other tests as appropriate)
o~
Complex arrhythmias
(R-on-T PVBs, couplets with short RR-
Yes intervals, numerous or rapid NSVT...)

Figure 5.—Diagnostic flow
chart for evaluating an ath-
lete with premature ventric-
ular beats.

No

The diagnostic process should be driven by clini-
cally motivated suspicion.

The importance of thoroughly evaluating fam-
ily history and critically analyzing resting ECG
is emphasized. Resting ECG can reveal not only
pathological signs like bundle branch blocks but
also alterations that, while possibly non-specific,
are significant in diagnosing certain arrhythmo-
genic pathologies, such as a T-wave inversion in
V1-V3 indicating arrhythmogenic cardiomyopa-
thy (ACM), or in the inferolateral leads, which
might suggest hypertrophic cardiomyopathy
(HCM).

For athletes presenting new findings of PVBs
with risk characteristics, eligibility should be
suspended until the necessary diagnostic investi-
gations are complete. This approach also allows
the evaluation of the arrhythmia’s reproducibility
post-detraining and helps prevent the exacerba-
tion of any acute pathologies, such as myocar-
ditis.

Interestingly, the number of PVBs in 24 hours
does not correlate with prognosis.3> Paradoxical-
ly, individuals with heart disease, such as HCM,
may have few PVBs in 24 hours yet remain at
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significant risk.3¢ Conversely, non-cardiac pa-
tients can exhibit a high number of PVBs within
the same timeframe. However, when PVBs ex-
ceed 10,000/24 hours in non-cardiac patients,
left ventricular (LV) ejection fraction (EF) reduc-
tion may occur over time. In the absence of heart
disease, PVBs usually disappear during exercise.
Nevertheless, their persistence during effort does
not necessarily indicate heart disease. Similarly,
the suppression of the arrhythmia during maxi-
mal EST does not definitively rule out underly-
ing heart disease. Analyzing the morphology of
PVBs can also provide insights into their ori-
gin.3739 Furthermore, detraining is a viable so-
lution in diagnosing PVB in athletes when CV
diseases are ruled out.40

Benign ventricular tachycardias (VTs), includ-
ing fascicular VT and right or left ventricular out-
flow tract (RVOT or LVOT) VT, are noteworthy.
Fascicular VT, related to a ventricular reentry
phenomenon within the left ventricular conduc-
tion system, exhibits an ECG pattern similar to
RBBB plus left anterior hemiblock.4! RVOT and
LVOT-VT, associated with an automatic focus in
the outflow tract of the respective ventricle, typi-

MINERVA MEDICA 543



ZEPPILLI

cally do not feature short RR intervals. Physical
exercise often triggers these arrhythmias. As-
sessing these conditions requires EST, echocar-
diography, and ambulatory ECG monitoring to
exclude organic heart disease and document the
arrhythmia’s onset mode and characteristics.

Sports activity in patients
with implantable pacemaker

For individuals planning to practice sports, the
device should be implanted in the contralateral
side relative to the dominant arm.42 A leadless
PMK is preferred for patients who participate in
sports.#3 Sports eligibility for individuals with
a PMK should be assessed at least 2-3 months
post-implantation, considering the dependency
on the PMK for those involved in sports with a
risk of trauma.44

Sports activity in patients
with implantable defibrillators

Many patients with ICDs have structural heart
disease, which inherently disqualifies them from
participating in competitive sports. For patients
not requiring an anti-bradycardic device, a sub-
cutaneous ICD is recommended. Eligibility for
sports participation in patients with an ICD
should be evaluated at least 3 months post-im-
plantation.45. 46

TIon channel diseases

Ion channel diseases represent a significant cat-
egory of genetic disorders that affect the func-
tioning of potassium (K+), sodium (Na+), and
calcium (Ca++) channels. These dysfunctions
can either enhance or diminish the channels’
function, leading to alterations in the monopha-
sic potential that predispose individuals to both
supraventricular and ventricular arrhythmias.
The variety of ion channel diseases is con-
stantly increasing. Long QT (LQT) syndrome,
Brugada syndrome, and catecholaminergic poly-
morphic ventricular tachycardia (CPVT) are the
most recognized types. The recommendations for
sports eligibility and disqualification for athletes
with channelopathies are summarized in Table V.
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Long QT syndrome

Long QT syndrome (LQTYS) is a genetic disorder
that causes an abnormal QTc interval prolonga-
tion. The most prevalent forms, constituting 90%
of cases, are LQT1, LQT2, and LQTS3, associ-
ated with dysfunctions in the IKs, IKr, and INa
channels, respectively.

LQTS places individuals at risk for malignant
ventricular arrhythmias, which can be triggered
by stress (LQT1), emotional stimuli (LQT?2), or
sinus bradycardia (LQT3).

A diagnosis of LQTS can be made with a QTc
of 480 milliseconds or more, including in as-
ymptomatic individuals or those with a Schwartz
score of 3.5 or higher. Syncope, coupled with a
QTc of at least 460 milliseconds, warrants suspi-
cion of LQTS. Genetic testing can offer addition-
al insights, boasting a sensitivity exceeding 70%.

Participation in any form of competitive sports
is contraindicated for individuals diagnosed with
LQTS, even in the absence of documented ven-
tricular arrhythmias.4’

Brugada ECG patterns
and Brugada Syndrome

Brugada syndrome (BrS) is a genetic disorder as-
sociated in approximately 20-30% of cases with
a sodium channel dysfunction, characterized
by a distinct ECG pattern in the V1-V3 precor-
dial leads, also noted in the II and III intercostal
spaces.*8 This pattern, identified as Type-1 BrS
ECQG, features a J point elevation of >2 mm and
“coved” ST elevation followed by a downward
sloping ST segment and negative T wave. Ad-
ditionally, Type-2 and Type-3 BrS ECG patterns,
such as a “saddle-back” ST elevation >2 mm in
V1-V2 followed by a positive T wave for Type-
2 and ST elevation <2 mm for Type-3, can be
observed in individuals with Brugada Syndrome
and intermittent BrS type 1 ECG. However, only
the Type-1 pattern is diagnostic, whether ob-
served in the basal state, in II and III intercostal
space, during fever, or following class 1C drugs.
Types 2 and 3 BrS ECG alone are insufficient for
diagnosing Brugada Syndrome.*

The presence of a Brugada ECG pattern in
asymptomatic individuals does not equate to
a diagnosis of the syndrome, which is defined
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TABLE V.—Recommendations for eligibility to competitive sports in athletes with ion channel disease.

Recommendation

LOE COE

Long QT syndrome

All subjects diagnosed with LQT syndrome, whether due to positive genetic testing or the accumulation of
clinical parameters, must be disqualified, except in the specific cases listed below. This restriction also
applies to individuals diagnosed with short QT syndrome. It is important to note that the disqualification
does not directly represent an indication for an ICD implantation, nor should an ICD be implanted solely
to obtain sports eligibility.

Eligibility may be considered in subjects with mutations in genes associated with asymptomatic LQT
syndrome who have a negative or borderline phenotype while on beta-blocker therapy. The evaluation
process should begin with a detailed analysis of the type of sport and considerations related to the current
pharmacological treatment, particularly beta blockers. The decision must be highly individualized,
considering the specific type of LQTS (LQT1, LQT2, LQTS3, etc.), family history, QTc values at rest,
during recovery after maximal EST and findings from ECG monitoring. Eligibility decisions should be
made by centers with great expertise in LQTS.

Brugada ECG pattern and Brugada Syndrome
Eligibility is granted under all the following conditions:
« In asymptomatic subjects with type 2 or 3 patterns;
« In the absence of a family history of SCD and other risk factors;
* In cases with type 1, without risk factors, and with a negative EPS.

Eligibility can be considered in asymptomatic athletes with a spontaneous low-risk type 1 pattern, without a
family history of SCD and/or BrS, etc.

Eligibility should be denied in subjects with a doubtful-high risk score (as per the Sieira and Shanghai Score
table), except in cases evaluated on an individual basis and in centers or by experts with high competence.

Eligibility must be denied:

« In symptomatic athletes experiencing syncope of a probable arrhythmic nature or cardiac arrest;
« In athletes with a spontaneous or drug-induced type 1 pattern;
« Disqualification is not equivalent to an indication for an ICD implantation, nor should ICD implantation
be indicated solely to obtain eligibility.
Catecholaminergic polymorphic ventricular tachycardia (CPVT)
Eligibility is normally denied, with exceptions to be evaluated on an individual basis, in individuals who are

I

1I

1T

II

carriers of a genetic defect but have no documented arrhythmias.
Eligibility must be denied in all cases with documented arrhythmias, whether symptomatic or 111 B

asymptomatic, even if the individual has an ICD.

by both the ECG pattern and the potential for
malignant arrhythmias or risk of sudden cardi-
ac death (SCD). The risk of SCD is low in as-
ymptomatic individuals with Type-1 patterns,
especially those with drug-induced Type-1 pat-
terns. Malignant arrhythmias in BrS typically
manifest at rest, during bradycardic phases,
with no evidence suggesting that sports activity
increases the risk of SCD.50 Risk stratification
for SCD in asymptomatic individuals with the
Brugada Type-1 pattern relies on a multipara-
metric evaluation considering several potential
risk factors,5!-54 such as family history of sudden
juvenile death, fragmented QRS, early ventricu-
lar repolarization in the inferolateral leads with-
out ST-segment elevation, associated conduction
disorders, and the manifestation of a Type-1 pat-
tern or increased ST-segment elevation post-ex-
ercise. The inducibility of sustained ventricular
arrhythmias during EPS may be nonspecific but

Vol. 115 - No. 5

gains significance when combined with other
risk factors. Individually, these risk factors have
a low positive predictive value, indicating a min-
imal chance of serious events. The predictive
value increases with the coexistence of multiple
risk factors. Conversely, factors such as the ab-
sence of spontaneous Type-1, only drug-induced
Type-1, absence of syncope, and negative EPS
have a high negative predictive value, suggest-
ing a negligible risk of sudden death for asymp-
tomatic individuals with drug-induced Type-1
without other risk factors.55-57

Catecholaminergic polymorphic
ventricular tachycardia

Catecholaminergic ~ polymorphic  ventricular
tachycardia (CPVT) is associated with genetic
defects leading to an excess of intracellular cal-
cium. This ion imbalance causes repetitive-type
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polymorphic VT, triggered by adrenergic stimu-
lation, rendering participation in competitive
sports incompatible.>8

Congenital heart disease

The advancement in clinical care has led to an
increase in patients diagnosed with congenital
heart disease (CHD), representing a diverse and
heterogeneous group in terms of disease charac-
teristics, natural history, surgical or percutaneous
treatments, and outcomes. The positive effects
of physical activity in countering impaired exer-
cise capacity and sedentary lifestyles, which pa-
tients with CHD are often inclined towards due
to a perceived higher risk of exercise-induced
CV events, are well-established.?® Although the
benefits of customized exercise prescriptions are
clear and should be recommended for all CHD
patients, participation in competitive sports may
be permitted in selected cases, subject to evalu-
ation in centers equipped with multidisciplinary
expertise.

Every athlete with CHD should provide a com-
prehensive medical and surgical history, includ-
ing information about the primary CHD diagno-
sis, comorbidities, surgical and percutaneous in-
terventions, medications, and nutritional supple-
ments. Assessments should always encompass
details of cardiac symptoms, functional class,
type of sport, training volume and intensity, and
competition level. Physical examinations should
thoroughly review heart rhythm, additional heart
sounds, murmurs, arterial BP, oxygen saturation,
indicators of heart failure, and the presence or
absence of central cyanosis.®® Essential to the se-
rial evaluation of athletes with CHD are resting
and exercise ECG, echocardiography, and 24-
hour ambulatory ECG monitoring, including a
training session and any other necessary exami-
nations.

Transthoracic echocardiography, a critical
examination, facilitates the assessment of bi-
ventricular dimensions and function, heart valve
conditions, obstructions, and intracardiac shunts.
Furthermore, understanding the specific patho-
physiology of CHD and any interventions under-
taken is crucial; hence, collaborative assessments
by a multidisciplinary team are recommended
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to identify subtle clinical changes. Echocardio-
graphic reports should detail left and right ven-
tricular dimensions and volumes, LV wall thick-
ness, biventricular systolic function — including
EF, regional wall motion abnormalities, global
longitudinal strain (GLS) when available — and
diastolic function.¢! It should also include systol-
ic pulmonary artery pressure and aortic dimen-
sions in alignment with European guidelines.¢2

In some CHD cases, the RV plays the most
significant role, and residual anatomic and he-
modynamic abnormalities are common post-
surgical or percutaneous correction. Cardiopul-
monary exercise testing (CPET) proves excep-
tionally useful for CHD athletes by evaluating
baseline fitness, tracking disease progression, as-
sessing training effects, and revealing significant
hemodynamic lesions less apparent at rest.63. 64
Among the cardiopulmonary indexes examined
during CPET, peak Vy, stands out as one of the
most reliable predictors of morbidity and mor-
tality in CHD patients.®5 Additionally, CPET and
EST can evaluate the BP response to exercise,
ischemia, arrhythmias, conduction diseases, and
oxygen saturation levels both at rest and peak
exercise.

This comprehensive data collection is vital
for the individual assessment of each case, de-
termining whether the hemodynamic impact of
rest and effort falls within normal or acceptable
limits for competitive sports participation.

For more details on the specific most common
CHD, please refer to Table VI, VII, VIIL.

Bicuspid aortic valve

The presence of a bicuspid aortic valve (BAV)
is the most common CHD in both general and
athletic populations, with a prevalence of 0.77-
1.3% and a male-to-female ratio of 2.1:1.66 The
etiology of BAV remains unclear, and its clinical
presentation can vary widely. According to the
International BAV Nomenclature and Classifica-
tion Consensus, there are three BAV types: fused
BAV, 2-sinus BAYV, and partial-fusion BAV, each
with specific phenotypes, with or without raphe.
Additionally, three hypothetical BAV prognostic
groups have been identified: 1) typical valvulo-
aortopathy; 2) complex valvulo-aortopathy; and
3) undiagnosed or uncomplicated BAV.¢7
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TABLE VI.—Recommendations for eligibility to competitive sports in athletes with atrial and ventricular septal
defect.

Recommendation LOE COE
Atrial septal defect
Subjects with small, non-significant atrial septal defect (ASD) ostium secundum or with patent foramen ovale I B

(PFO) or pulmonary vein anomalous drainage can practice all sport types except scuba diving with breathing
equipment due to the increased risk of paradoxical embolism/ decompression disease, on the contrary apnea
is allowed.
In subjects with a repaired (both surgical and percutaneous) ASD: 1 C
« It is mandatory to re-evaluate the patients with ECG, ECHO, EST and 24-hour ECG monitoring, including a
training session 6 months after the intervention. The athlete can be cleared for all sports if the right ventricle
is normal and there are no significant arrhythmias;
« If the athlete practices competitive scuba diving with breathing equipment, it is mandatory to perform a
transthoracic echocardiography or a transcranial Doppler with bubble test to rule out a residual shunt at rest
and/or during Valsalva maneuver.
In the presence of persistent right ventricular (RV) dilatation and/or dysfunction, residual pulmonary 1 B
hypertension, supraventricular tachyarrhythmias and/or symptomatic sinus-atrial dysfunction (see arrhythmias
chapter), competitive sport is not recommended. The athlete can be re-evaluated over time in the presence of
a favorable course.
Ventricular septal defect

Subjects with small, non-significant ventricular septal defect (VSD), not associated with other congenital I B
cardiac anomalies, can practice all sports types. Usually, during infancy, those VSDs show a spontaneous
closure.

In subjects with a repaired (both surgical and percutaneous) VSD: I B

« It is mandatory to re-evaluate the patients with ECG, ECHO, EST and 24-hour ECG monitoring, including
a training session 6 months after the intervention. The athlete can be cleared for all sports in the absence of
residual shunt and/or significant arrhythmias;
« If the VSD has been closed with a device, it is suggested to follow-up those individuals with ECHO, EST,
and 24-hour ECG monitoring to rule out the presence of progressive conduction dysfunction or valve
dysfunction, which can occur more frequently in perimembranous VDSs.
Athletes with residual significant VDS and/or with pulmonary hypertension, left ventricular (LV) dilatation 1 B
and/or reduced LV ejection fraction cannot compete.

TABLE VIL.—Recommendations for eligibility to competitive sports in athletes with patent ductus arteriosus and
aortic coarctation.

Recommendation LOE COE
Patent ductus arteriosus
Subjects with small, non-significant patent ductus arteriosus (PDA), not associated with other congenital I B
cardiac anomalies, can practice all sports types.
In subjects with a repaired (both surgical and percutaneous) PDA: 1 B

« It is mandatory to re-evaluate the patients with ECG, ECHO and EST 3 months after the intervention. The
athlete can be cleared for all sports without a residual shunt.
Aortic coarctation

Subjects with non-significant aortic coarctation, not associated with other congenital cardiac anomalies, can | C
practice only skill sports. Power sports are contraindicated.
The practice of mixed or endurance sports should be discussed case-by-case in centers dedicated to congenital I B

heart disease.
After surgical or percutaneous correction, it is mandatory to re-evaluate the athlete with EST with particular
attention to peak arterial pressure and ambulatory blood pressure monitoring 3 months after the intervention.
Subjects with a complete recovery can participate in all sports types, with the potential exception of power
sports.
Even in subjects with non-significant aortic coarctation or after a successful repair, the rare but potential risk of 11 C
aortic rupture after thoracic traumatism should be evaluated after an angio-MR or CT to rule out the presence of
lumen reduction, kinking, aneurysms only for contact sports with low risk of severe thoracic traumatism.

Typical valvulo-aortopathy represents the ing due to an increased risk of valve complica-
most common presentation of BAV, often as- tions (such as aortic valve stenosis, regurgita-
ymptomatic in childhood but requiring monitor-  tion, or a combination of both) and aortic com-
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TABLE VIIL.—Recommendations for eligibility to competitive sports in athletes with complex congenital heart dis-

ease after surgical correction.

Recommendation LOE COE
Tetralogy of Fallot
Every subject should be evaluated case-by-case in specialized centers, athletes with repaired Tetralogy of 1 B

Fallot (TOF) can compete in skill sports if the following criteria are present:
 Mild tricuspid and pulmonary regurgitation with normal pulmonary artery systolic pressure (<35

mmHg), evaluated by ECHO and/or CMR;

* Normal or mildly dilated right ventricle (RV) with preserved systolic function, preferably evaluated with

CMR, to rule out also RV fibrosis;

« Absence of residual shunt with normal left ventricular systolic function;
* Indexed aortic root dimension within normal limits (<2.1 cm/m2) with none/mild aortic regurgitation;
* QRS duration <160 msec without supraventricular or ventricular arrhythmias at 24-hour ECG

monitoring and/or EST;

» Normal effort tolerance (at least 80% of predicted VO2 max and VE/VCO2 within limits).
In subjects with surgically repaired TOF with optimal results, it might be possible to allow them to compete 1I C
in mixed team sports after a complete evaluation in dedicated centers and with strict clinical follow-up.

Transposition of the great arteries

Subjects who underwent the previous physiological correction (Mustard and Senning procedure cannot 11 B

compete in any sport.

Subjects with a repaired transposition of the great arteries (TGA) with the arterial switch and preserved 1 C
functional capacity, absence of major arrhythmias, normal coronary arteries tree (evaluated with CCTA)
and the absence of induced ischemia at stress echocardiography or myocardial perfusion scintigraphy, can

compete in skill sports under strict clinical surveillance.

In subjects with surgically repaired TGA with optimal results, it might be possible to allow to compete 1I @
in power and mixed team sports after a complete evaluation in dedicated centers and with strict clinical

follow-up.

plications (including dilatation and dissection of
the aortic root and/or ascending aorta) in adult-
hood. Complex valvulo-aortopathy, while rare,
is generally associated with genetic syndromes
like the Shone complex and Marfan syndrome
or with other congenital heart defects (e.g., sub-
valvular aortic stenosis, aortic coarctation, or
ventricular defects) and necessitates early inter-
vention.®8 Both groups have a heightened risk of
infective endocarditis compared to the general
population.

Uncomplicated BAV may remain asymptom-
atic throughout life, with no LVOT obstruction or
mild/non-progressive valvulo-aortopathy (mean
gradient <20 mmHg and/or mild aortic regurgita-
tion), normal aortic root and ascending aorta di-
mensions (<40mm), and normal LV dimensions,
volumes, and systolic function.®® Athletes with
uncomplicated BAV are eligible to compete in
any sport, provided they are under clinical and
echocardiographic surveillance. Additionally, it
is essential to exclude LV hypertrophy, LV sys-
tolic or diastolic dysfunction, pathological in-
crease in systolic BP at rest and peak exercise,
and the absence of exercise-induced arrhythmias
or ischemia. In cases of aortic dilation (>40 mm
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or >2 Z-scores), it is crucial to investigate for
connective tissue disease or a genetic syndrome
association and to avoid power sports. Athletes
with BAV and aortic valve stenosis (mean gradi-
ent >20 mmHg) are generally disqualified from
all competitive sports, with exceptions possibly
made for skill sports after assessing peak and
mean gradients via stress echocardiography. Fur-
thermore, all individuals with BAV should be
screened for coronary artery anomalies.

Coronary artery anomalies

Coronary artery anomalies (CAAs) encompass
congenital deviations in the origin, course, or
termination of the coronary arteries. Despite
their rarity and often asymptomatic presentation,
CAAs are significant due to their potential asso-
ciation with exercise-induced CV events, includ-
ing SCD.70 Among CAAs, the most concerning
is the anomalous origin of the left main or left
anterior descending coronary artery from the
right coronary sinus, especially when it involves
an interatrial/intramural course characterized by
features such as an acute angle takeoff, a slit-like
orifice, or an ostial ridge. While the origin of the
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right coronary artery from the left coronary si-
nus is deemed less dangerous, it requires thor-
ough examination before clearing an individual
for competitive sports. Conversely, the origin of
the circumflex artery from the right coronary si-
nus or the right coronary artery with a retroaortic
course is generally considered to have a benign
prognosis (Table IX).

CAAs may go unnoticed until an athlete ex-
periences effort-related symptoms like chest
pain, thoracic discomfort, near-syncope or syn-
cope, cold sweating, palpitations, dizziness, and
breathlessness. Transthoracic echocardiography,
particularly focusing on the parasternal short
axis at or slightly above the aortic valve level
to view the coronary ostia and their initial seg-
ment, is the initial diagnostic step.¢!. 7! Subse-
quent CCTA and CMR confirm suspicions and
provide detailed anatomical insights into the
anomaly. Invasive functional testing is reserved
for specific cases and should only be performed
in centers with specialized expertise.’2 7> Myo-
cardial bridges, which involve cardiac muscle
overlying a coronary artery segment, represent
a relatively frequent finding among CAAs, de-
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tectable in autopsy series and CCTA in athletes.
Most myocardial bridges remain clinically silent.
However, significant symptoms such as exertion-
al chest tightness and exercise-induced ischemia
can occur with long (>1 mm) and deeply tun-
neled (>3mm) segments of the anterior descend-
ing coronary artery during EST and CPET. Such
bridges have been linked to SCD.

General principles of management of athletes
with valvular heart disease

In athletes diagnosed with valvular heart disease
(VHD), the physiological remodeling due to ex-
ercise can intersect with the pathophysiological
hemodynamic effects of VHD. Thus, it is crucial
to quantify valve dysfunction and assess chronic
structural remodeling to exclude adverse cardiac
remodeling. Additionally, the surge in adrenergic
activity during competitive sports and increased
hemodynamic preload and afterload in a struc-
turally remodeled heart may lead to exercise-
induced arrhythmias. Echocardiography stands
as the foundational examination for VHD, of-
fering detailed insights into valve anatomy and

TABLE IX.—Recommendations for eligibility to competitive sports in athletes with coronary artery anomalies.

Recommendation

LOE COE

Adolescents and young adult athletes with an anomalous origin of the circumflex artery from the right I B
coronary sinus or from the right coronary artery with a retroaortic course, without evidence of exercise-
induced ischemia at maximal EST or CPET or other stress imaging exams, can compete in all sports type

with a yearly follow-up.

Differently, in master (>40-year-old) athletes, the risk of additional atherosclerotic coronary artery disease can
impair the practice of competitive sports due to the increased risk of exercise-induced myocardial ischemia.
In asymptomatic athletes with an anomalous origin of the right coronary artery from the left coronary sinus I C
with an interatrial course but with less malignant features of the coronary artery anomaly, the possibility
of practicing competitive sports must be evaluated in selected centers on a case-to-case basis, including
evaluation with stress imaging tests and even invasive functional tests.
The anomalous origin of the left coronary artery from the right coronary sinus with an interarterious/ 111 B
intramural course is a contraindication to all types of competitive sports and, in symptomatic athletes, is an
indication of surgery. The majority of authors are favorable to proceeding to surgery, even in asymptomatic
athletes, due to the increased risk of myocardial ischemia and SCD. If this anomaly is not surgically
corrected, all moderate-intensity activities are not recommended, and pharmacological therapy with a beta-

blocker can be started.

In symptomatic athletes with an anomalous origin of the right coronary artery from the left coronary sinus 11 B
and interarterious course or asymptomatic athletes with high-risk characteristics (in the presence of an acute
angle take-off, a slit-like orifice or an ostial ridge), competitive sports are not recommended.

Athletes with an incidental diagnosis of myocardial bridge or coronary fistula without evidence of exercise- I B
induced myocardial ischemia (at CPET and/or stress echocardiography/CMR and/or exercise stress
radionuclide imaging test or CCTA) can be cleared for all competitive sports.

Athletes with a long (>1cm) and deeply tunneled (>3mm) myocardial bridge or with coronary fistula and a 11 B
significant shunt, with evidence of induced myocardial ischemia or exercise-induced significant ventricular
arrhythmias, cannot participate in competitive sports. In selected cases, athletes can be re-evaluated in
selected centers six months after surgical correction without exercise-induced myocardial ischemia.

Vol. 115 - No. 5

MINERVA MEDICA 549



ZEPPILLI

dysfunction and quantifying the hemodynamic
impact of the lesion, as per current guidelines.

For athletes, the exercise test is essential to de-
termine functional capacity, detect effort-related
symptoms, assess BP response to exercise, and
identify myocardial ischemia or exercise-in-
duced arrhythmias.” This evaluation may extend
to exercise stress echocardiography in ambigu-
ous or selected cases. CMR plays an expanding
role in the quantification of valve dysfunction in
uncertain cases and in detecting myocardial fi-
brosis associated with chronic, significant valve
dysfunction.7

Generally, aortic, mitral, and/or tricuspid re-
gurgitations are better tolerated. Athletes with
mild valve regurgitation can engage in all com-
petitive sports, subject to annual surveillance.
Those with moderate aortic or mitral regurgita-
tion are assessed individually for participation
in low-intensity (skill) sports. Severe aortic or
mitral regurgitation precludes competition in any
sport, necessitating evaluation for potential sur-
gical intervention.

Post-surgical valve repair, athletes may return
to competitive sports across all categories after a
minimum six-month recovery, provided annual
follow-ups confirm:

 normal or slightly dilated left ventricular di-
mensions with a normal LV EF;

* absence or mild valve regurgitation;

e mild tricuspid regurgitation with normal
systolic pulmonary artery pressure;

* no complex supraventricular or ventricular
exercise-induced arrhythmias on EST and 24-
hour ambulatory ECG monitoring, including a
training session. Conversely, athletes with func-
tional biological prostheses are restricted to skill
sports.

Valve stenosis is less well-tolerated, limiting
athletes with mild mitral stenosis or, in specific
cases, moderate stenosis in sinus rhythm to skill
sports only.

Mitral valve prolapse

The prevalence of mild primary regurgitation
among athletes is notable but does not hinder
participation in competitive sports. However,
secondary mitral regurgitation, indicative of sys-
tolic ventricular dysfunction, disqualifies athletes
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from competitive sports. Degenerative mitral re-
gurgitation, especially bileaflet mitral valve pro-
lapse (MVP), as seen in Barlow’s disease, war-
rants careful examination. Accurate diagnosis of
MVP is crucial to avoid overdiagnosis, requiring
anatomical criteria such as mitral valve leaflet
billowing, leaflet thickness, systolic prolapse of
>2 mm above the annular plane in at least one
leaflet, and the presence of mitral regurgitation
on color Doppler.7s

Among MVP variants, Barlow’s disease and
fibroelastic deficiency are distinct, with Barlow’s
disease particularly linked to arrhythmias. High-
risk characteristics of arrhythmogenic MVP, as-
sociated with SCD regardless of mitral regurgita-
tion severity, necessitate a thorough evaluation
of athletes with MVP. This includes personal
and family medical histories, physical examina-
tion, ECG, echocardiography (transesophageal if
necessary), EST, and 24-hour ambulatory ECG
monitoring. Follow-up intervals should be annu-
al or every six months, as appropriate, for those
with MVP.

High-risk characteristics include:

* negative T-waves in the inferior leads;

* polymorphic and/or complex RBBB ven-
tricular arrhythmias;

» mitral annular disjunction coupled with
myocardial fibrosis identified by CMR;

+ symptoms such as syncope or near-syncope.

If any of these high-risk features are present,
competitive sports are contraindicated, and fur-
ther diagnostic testing may be required (class
IIC). A flow chart’s has been proposed for man-
aging athletes with MVP (Figure 6). Tricuspid
valve prolapse does not impact the ability to
compete in sports, but concurrent prolapse of the
aortic valve or aortic root dilation necessitates
evaluation for potential Marfan Syndrome.

Cardiomyopathies, myocarditis,
pericarditis and non-ischemic
left ventricular scar

Hypertrophic cardiomyopathy

HCM has a prevalence of approximately 1:500
and is characterized by either segmental or diffuse
LV hypertrophy without cavity dilation and in the
absence of other cardiac or systemic causes. A di-
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An athlete has MVP o Stress ECG
at transthoracic echo ~| 24h ECG monitoring
No
Y y
Family history of sudden Ye}s Presence of complex
death? polymorphic VAs?
N High-risk features
\ © < or arrhytmic MVP?
Yes LV enlargement
| More than mild MR? |—> and/or LV
dysfunction?
iNo
. Yes v
| Bileaflet prolapse? |—> cs
A
No
A | CMR: LV scar?
Yes
| Symptoms? Syncope? |—>
No
A
Presence of complex
. Yes
polymorphic and/or | 5
RBBB-like VAs at basal A
and/or post-exercise ECG? Individualized risk
No stratification and
Y treatment including
- careful follow-up?
The athlete can - loop/event recorder?
compete in all sports, | ¢ - ICD implant?
echocardiographic - EPS ablation?
follow-up is mandatory - MV surgery?

Figure 6.—Proposed algorithm for evaluating an athlete
with mitral valve prolapse [From Cavarretta et al.75].

agnosis of HCM is established with an LV wall
thickness of >15 mm. In cases where LV hyper-
trophy is milder, with LV wall thickness between
13-14 mm, a diagnosis can still be made if there
is a positive family history, symptoms, ECG ab-
normalities, and/or pathogenic genetic variants.”¢

Initially, pathological studies indicated HCM
as one of the leading causes of SCD among ath-
letes, accounting for up to 40%. However, more
recent findings report a significantly lower per-
centage (6-16%). Studies have also shown that
tailored exercise programs can be safe for HCM
patients.”” For instance, a study with a 7-year me-
dian follow-up of 88 HCM patients found no dif-
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ference in symptoms and adverse events between
those who ceased sports activities post-diagnosis
and those who continued, with no adverse events
reported among the 27 continuing sports activi-
ties.”8 Another study involving 53 low-risk HCM
athletes, including professionals, documented
only two events during the follow-up.” An in-
ternational registry of athletes with ICDs noted
that only one of the 65 athletes with HCM expe-
rienced an appropriate shock during follow-up.80
A recent survey also highlighted a similar inci-
dence of adverse events between sedentary and
physically active HCM patients.8!

These findings suggest that “low-risk” HCM
patients face a reasonably low probability of ad-
verse events during low-to-moderate intensity
exercise. Therefore, determining eligibility for
competitive sports might be feasible, consider-
ing the risks and therapy, with evaluations best
conducted in specialized centers (Table X).

The guidelines consider HCM patients as “low
risk” in the absence of the following criteria:

1. age under 30 years, as the disease is not
considered stable;

2. history of cardiac arrest or sustained VT;

3. symptoms such as chest pain, near-syncope,
syncope, or recurrent/exercise-related palpita-
tions;

4. history of SCD before 40 years in first-de-
gree relatives;

5. moderate to severe LV hypertrophy;

6. severe left atrial enlargement;

7. LV EF below 50%;

8. LVOT obstruction (intraventricular gradient
>30 mmHg at baseline, post-Valsalva maneuver,
or during exercise testing);

9. moderate to severe mitral regurgitation;

10. exercise-induced myocardial ischemia or
abnormal BP response to exercise (less than a 20
mmHg increase at peak exercise);

TABLE X.—Recommendations for eligibility to competitive sports in athletes with hypertrophic cardiomyopathy.

Recommendation

LOE COE

Adolescents and young adults (<30 years old) with definite HCM diagnosis, even if at low-risk, and older 1I B
patients with one or more risk markers should not engage in competitive sports activities.

Adult patients (>30 years old) with a definite diagnosis of HCM at low-risk and genotype positive-phenotype 11 C
negative patients may engage in competitive sports activities after an accurate evaluation in experienced
centers, considering the discipline that the patient wishes to practice. For patients with an ICD, see the

appropriate chapter.
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11. AF, paroxysmal supraventricular tachy-
cardia, frequent and polymorphic PVBs, non-
sustained VT (>3 beats, >120 bpm);

12. QRS duration >120 ms (excluding post-
myomectomy);

13. late-enhancement >15% of myocardial
mass on CMR (to be performed in specialized
centers);

14. apical aneurysm, especially when associ-
ated with apical LGE;

15. ESC 5-year risk score >4%.

Arrhythmogenic cardiomyopathy

ACM is characterized by the progressive loss
of myocardium and its replacement with fibro-
fatty tissue. Often inherited, it is most frequently
linked to mutations in desmosomal genes, though
in about half of the cases, both family history
and genetic testing yield negative results. ACM’s
phenotypic range is broad, spanning from the
classic variant with predominant RV involve-
ment to biventricular disease — which is the most
common — and variants with predominant or ex-
clusive LV involvement. Most patients exhibit
ventricular arrhythmias, while severe ventricular
dysfunction leading to heart failure is rare.s2

Diagnosing ACM involves a combination of
criteria across different categories: 1) morpho-
functional abnormalities; 2) tissue characteriza-
tion (via CMR or endomyocardial biopsy); 3)
ECG abnormalities; 4) ventricular arrhythmias;
5) family history or genetic testing. The 2020
“Padua criteria” sought to refine the 2010 Task
Force Criteria, especially by defining specific
criteria for diagnosing LV involvement.$3

ACM is a primary cause of SCD during exer-
cise. Retrospective studies that include patients
with the classic RV phenotype and those with
ACM and an ICD have indicated that competi-
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tive sports can increase the risk of 1) disease de-
velopment in gene mutation carriers; 2) disease
progression in individuals already meeting the
definitive diagnostic criteria; and 3) life-threat-
ening ventricular arrhythmias. For the phenotype
with prevalent or exclusive LV involvement,
there is substantial evidence that competitive
sports heighten the arrhythmic risk, though data
on the likelihood of disease development in gene
mutation carriers or phenotype exacerbation is
lacking.84 Nonetheless, the consensus among ex-
perts is to apply similar recommendations across
the various phenotypic variants (Table XI).

Dilated cardiomyopathy

DCM is a myocardial disorder marked by LV or
biventricular dysfunction, potentially accompa-
nied by ventricular dilation, that cannot be at-
tributed to abnormal hemodynamic load or myo-
cardial ischemia. Its origins vary, encompassing
genetic factors and acquired conditions such as
myocarditis, adverse drug reactions, alcohol use,
and peripartum events, though the cause remains
unidentified in a substantial number of patients.
Clinical manifestations of DCM are diverse,
ranging from asymptomatic cases to mild phe-
notypes with LV dilatation and mild dysfunction,
necessitating differentiation from an athlete’s
heart.76

While DCM is not a leading cause of SCD
during exercise, there is a recognized risk of ar-
rhythmias or hemodynamic deterioration associ-
ated with sports in individuals diagnosed with
DCM. Nonetheless, it is feasible to consider
those with DCM who lack the following risk fac-
tors as low-risk (Table XII):

1. symptoms, particularly syncope;

2. a family history of SCD before age 40 in
first-degree relatives;

TABLE XI.—Recommendations for eligibility to competitive sports in athletes with arrhythmogenic cardiomyopathy.

Recommendation LOE COE
Patients with a definite diagnosis of ACM, according to the 2020 Padua criteria, including ICD carriers and I B
family members with a borderline diagnosis of ACM, should not engage in competitive sports activities.
Phenotype negative-genotype positive individuals may engage in competitive skill discipline after accurate 11 C
evaluation and counseling in experienced centers. The same recommendation applies to individuals with a
family history of ACM in I or II-degree relatives with an identified gene mutation in the affected relative
who did not undergo the genetic testing.
Individuals with a family history of ACM in I or II-degree relatives without identified gene mutation in the II ©
affected relative may be eligible for competitive sports activities provided an accurate clinical evaluation in
experienced centers has excluded any sign of the disease.
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TABLE XII.—Recommendations for eligibility to competitive sports in athletes with dilated cardiomyopathy.

Recommendation LOE COE

Patients with DCM with symptoms or with one or more risk markers should not engage in competitive sports 11 @
activities.

Adult patients (>30 years) with a definite diagnosis of HCM at low-risk and genotype positive-phenotype 11 C

negative patients (excluding mutations in high-risk genes, see above) may engage in competitive sports
activities after an accurate evaluation in experienced centers taking into account the discipline that the
patient wishes to practice. For patients with an ICD, see the appropriate chapter.

3. AF, paroxysmal supraventricular tachycardia,
frequent and polymorphic PVBs, non-sustained
ventricular tachycardia (>3 beats, >120 bpm);

4. moderate to severe LV dysfunction (LV
ejection fraction <45%);

5. segmental LV akinesia or dyskinesia;

6. insufficient improvement in LV EF (<15%)
or an abnormal BP response (less than a 20
mmHg increase at peak exercise) during EST;

7. extensive areas of LGE on CMR,;

8. pathogenic or likely pathogenic mutations
in genes associated with a high risk of adverse
outcomes (such as LMNA, SCNS5SA, PLN,
TMEMA43, FLNC, RBM20, DSM).

Excessive trabeculation of the left ventricle (left-
ventricular noncompaction)

LVNC is a congenital condition marked by in-
adequate development of the LV compact layer
and an increased thickness of the non-compact
layer. Its clinical manifestation can be diverse,
potentially including progressive left ventricu-
lar dysfunction, LV hypertrophy, ventricular ar-
rhythmias, and embolic events.85

It is important to distinguish simple hypertra-
beculation of the LV, where the compact layer
maintains normal thickness without additional
disease characteristics, from LVNC. Such hyper-
trabeculation might simply be an adaptation to the
increased hemodynamic load from athletic activ-
ity and should not be classified as pathological.8¢

Patients with LVNC are deemed low risk when
they do not meet any of the following criteria:

1. symptoms, particularly syncope;

2. a family history of SCD;

3. significant atrial or ventricular arrhythmias;

4. LV dysfunction, characterized by an EF be-
low 45% with a reduced (<15%) increase during
exercise;

5. LGE on CMR.
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Myocarditis and pericarditis

Myocarditis is an inflammation of the myocar-
dium characterized by histologic evidence of
myocardial necrosis and lymphocytes infiltra-
tion, distinct from myocardial ischemia. Causes
can be viral, toxic, or immune-mediated. It is a
notable cause of SCD in athletes, with a preva-
lence of 6-10% in post-mortem studies. During
its acute phase, cessation of sports activity is a
recognized therapeutic measure. Generally, the
prognosis for individuals presenting with chest
pain (“infarct-like”) or other mild symptoms is
favorable, though the healing process may lead
to LV scar formation, potentially serving as an
arrhythmogenic long-term substrate.87

Pericarditis, the inflammation of the peri-
cardium, with or without effusion, is relatively
common in young individuals. Viral infection is
the most frequent cause among healthy young
people. The prognosis for viral or idiopathic
pericarditis is usually positive, but a subset of
patients might experience recurrent episodes,
especially those presenting with a temperature
>38 °C, significant pericardial effusion, or resis-
tance to non-steroidal anti-inflammatory drugs
(NSAIDs). The risk of recurrent pericarditis
peaks 6-12 months following the initial episode.
As with myocarditis, athletes with acute pericar-
ditis are advised to rest, minimizing mechanical
stress on the inflamed pericardium.ss

Myocarditis and pericarditis are deemed
healed when the following criteria are met (Table
XIII):

1. absence of symptoms;

2. negative inflammatory biomarkers and tro-
ponin;

3. normal ECG;

4. no frequent or complex ventricular arrhyth-
mias on EST and 24-hour ambulatory ECG;

5. no LV dysfunction;
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TABLE XIII.—Recommendations for eligibility to competitive sports in athletes after an episode of myocarditis or

pericarditis.

Recommendation LOE COE

Temporary suspension of competitive sport is recommended in individuals with a definite or probable 1 B
diagnosis of myocarditis or pericarditis.

Individuals with clinically healed myocarditis may resume sports activity after 3-6 months. In case of 1 C
persistent LGE on follow-up CMR, see the paragraph on “non-ischemic LV scar”.

Individuals with clinically healed pericarditis may resume sports activity after one month if the disease is 1 @
mild and characterized by rapid improvement, not earlier than three months in the other cases.

Individuals with constrictive pericarditis should not engage in competitive sports activity. 111 C

6. absence of myocardial or pericardial edema
on CMR;

7. normal results on EST or CPET.

For individuals who fulfill these criteria but
exhibit persistent LGE on follow-up CMR, refer
to the “non-ischemic LV scar” section.

Non-ischemic left ventricular scar

Non-ischemic LV scar (NILVS) is identified by
segmental LV LGE on CMR, particularly in the
subepicardial and/or mid-myocardial layers of
the LV wall, without accompanying morpho-
functional indicators of a specific disease. This
type of myocardial fibrosis can arise from vari-
ous conditions, including healed myocarditis
and genetically determined heart diseases like
the left-dominant ACM variant or Anderson-
Fabry disease. The theory that intense exercise
might induce non-ischemic myocardial scarring
in otherwise healthy athletes remains unprov-
en.8?

CMR is the sole method for diagnosing
NILVS, requiring considerable expertise for in-
terpretation in athletes. Especially in cases of
mild or borderline abnormalities, or in the ab-
sence of other clinical anomalies, it’s crucial to
rule out false positives, such as those related to

the septal perforator branch of the left anterior
descending artery, pericardium, or artefacts.%0

The initial evaluation step for athletes with
NILVS involves excluding cardiomyopathies
that could deteriorate over time and have famil-
ial implications. Nonetheless, even with an un-
resolved NILVS origin, myocardial fibrosis is
considered a potential substrate for life-threaten-
ing ventricular arrhythmias, particularly during
sports activities.39 91

There’s currently no definitive evidence for
risk stratification in athletes with NILVS. The
consensus among experts categorizes the follow-
ing conditions as “high-risk” (Table XIV):

* polymorphic PVBs or repetitive (couplets or
non-sustained ventricular tachycardia) ventricu-
lar arrhythmias, especially during exercise;

* LV dysfunction (EF < 50% via echocardiog-
raphy or <45% via CMR);

* significant (non-training-related) ECG ab-
normalities;

* LGE extending across >3 segments or in-
volving the septum.

Athletes deemed low-risk and eligible for
sports should undergo annual clinical monitoring
(or every six months for adolescents and young
adults), considering NILVS might signify the on-
set of cardiomyopathy.

TABLE XIV.—Recommendations for eligibility to competitive sports in athletes with non-ischemic left ventricular

scar.

Recommendation

LOE COE

Athletes with NILVS associated with LV dysfunction and/or major ECG abnormalities and/or significant I C
ventricular arrhythmias should not engage in competitive sports activity.

Athletes with NILVS involving less than 3 segments of the LV free wall with normal systolic function, normal  II C
ECG and no significant ventricular arrhythmias (at maximal EST and 24-hour ambulatory ECG monitoring,
including training sessions) may engage in competitive sports activity after an accurate evaluation in
experienced centers, taking into account the discipline that the patient wishes to practice.

Patients with larger NILVS (3 or more segments), even without other risk markers, may not engage in
competitive sports activity, except for skill disciplines, after an accurate evaluation in experienced centers.
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Arterial hypertension

Arterial hypertension (AH) is a significant CV
risk factor commonly detected during pre-par-
ticipation screenings in athletes, with a varying
prevalence of 3% to 24% based on the cohort and
sport type.92 In adults, AH is defined by systolic
and diastolic values >140 and >90 mmHg, re-
spectively, with children’s and adolescents’ cut-
offs placed at the 95th percentile of arterial BP.93
Proper measurement following a standardized
protocol is crucial for diagnosis, and for sports
that asymmetrically engage the upper limbs, such
as tennis, BP measurement on the non-dominant
arm is recommended.** To avoid an incorrect di-
agnosis, it is recommended to perform BP moni-
toring, re-evaluate the patient over a long period
(3-6 months), and ask for a home BP diary.%4

Upon diagnosis, it is essential to explore po-
tential causes and assess overall risk. Secondary
causes in athletes are rare (0.2%), and often re-
lated to external factors like high sodium intake,
energy drinks, or anti-inflammatory drugs.%?
AH elevates the risk of myocardial infarction
and ventricular arrhythmias, particularly during
sudden BP spikes in physical activity. Compre-
hensive risk assessment is vital, considering AH
rarely acts as the sole CV disease risk factor.

For athletes with AH, differentiating between
exercise-induced physiological adaptations and
potential organ damage, such as myocardial
hypertrophy, is crucial.9 % An ECG can help
with differential diagnosis. Athletes’ ECGs typi-
cally display bradycardia, high QRS voltages,
right branch delay, positive T waves, and early
repolarization. On the other hand, hypertensive
patients’ ECGs show P-wave alterations, QRS
abnormalities with positive Sokolow index, left
axis deviation, and intraventricular conduction
delay. Echocardiography is the most useful clini-
cal investigation. In hypertensive patients, the
increased wall thickness is not associated with
an increased ventricular dimension, while the
opposite usually occurs in athletes. Additionally,
hypertensive patients generally have diastolic
dysfunction, increased filling pressures, and left
atrial dilatation.

Exercise-induced BP response varies based on
multiple factors, with a gradual systolic BP in-
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crease and stable or slightly reduced diastolic BP
being normal.97. 98 Athletes, especially those in
endurance or mixed sports, may show an elevated
BP response without associated organ damage or
metabolic issues. Isolated systolic AH, common
in those over 60 due to increased vascular stiff-
ness and systolic hypertension in younger indi-
viduals, require careful evaluation and manage-
ment.%

Athletes’ BP exceeding 220/85 mmHg for
males and 200/80 mmHg for females during
stress testing warrants further evaluation.!00 It is
recommended that athletes use ACE inhibitors or
sartans to control their BP.93 If they are unable to
use these drugs, dihydropyridine calcium antago-
nists should be used instead. Non-dihydropyri-
dines such as diltiazem and verapamil have the
same effectiveness as dihydropyridines. Doxazo-
sin may be used for those who are unresponsive
to the above drugs, but it is less efficient. Beta-
blockers should be avoided due to their systemic
effects. If necessary, nebivolol should be used as
the first choice.

Pre-participation screening for athletes with
AH (Table XV) should include regular risk pro-
file re-evaluations, annual EST, echocardiograms
every 3 to 5 years, depending on age, and routine
blood and urine tests. 10!

Coronary artery disease

CAD is the primary cause of death and morbidity
worldwide, with coronary atherosclerosis often
being a common pathological finding in individ-
uals over 35 years of age.!02 Primary prevention
plays a crucial role, as CAD can remain asymp-
tomatic for extended periods until a situation
arises that may increase oxygen demand and/or
cause plaque instability. Secondary prevention
is equally vital for enhancing patient prognosis
and quality of life.102 Exercise-induced cardiac
ischemic events are infrequent, evidenced by a
study of a large North American cohort (10.9
million marathon/half marathon participants)
where none of the athletes with CAD showed
signs of plaque rupture or thrombosis, indicating
a mismatch in oxygen demand rather than physi-
cal activity being a direct cause.13 Conversely,
research from a Belgian team suggested that life-
long endurance sports participation could lead
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TABLE XV.—Recommendations for sports participation in subjects with arterial hypertension.

Recommendation LOE COE

Individuals with well-controlled systolic BP and low/moderate CV risk can participate in all types of sports as 1 B
long as their systolic BP during EST is below 220 mmHg for males and 200 mmHg for females.

Individuals with normal resting BP but excessive response to exercise, without CV risk factors and signs 1 C

of organ damage, can participate in all sports as long as their BP values are normal during 24-hour BP
monitoring and home- measurements, SBP during EST is below 250 mmHg.
Individuals with low to moderate CV risk who experience abnormal BP responses to exercise may be able to 11 ©
participate in sports if they can maintain well-controlled BP levels at rest and during exercise through the
use of medication. After six months, their ability to participate in sports should be reassessed, and their BP
should be checked regularly during this period. Additionally, the individuals must agree to adhere to their

medication regimen properly.

Individuals with moderate global CV risk may be able to participate in sports as long as their BP is well- 11 C
controlled during maximal EST and 24-hour monitoring, except for sports that involve a great isometric and

power component.

Hypertensive individuals with not well-controlled resting BP (systolic BP> 160 mmHg) must not participate 11 ©
in sports.
Individuals with systolic BP > 250 mmHg during EST must not participate in sports. I C

to less favorable coronary plaque composition
compared to maintaining a healthy lifestyle.104

Given these insights, a comprehensive pre-
evaluation of athletes is now deemed essential,
identifying three potential categories (Figure 7):

1. individuals with no history of acute coronary
syndrome (ACS-) and no prior coronary revascu-
larization (REV-), labelled as “ACS- REV-";

2. those without a history of ACS but who
have undergone revascularization (REV), termed
“ACS- REV+”;

3. ACS-+

Higher risk

/}

2. ACS-REV+

Lower risk

1. ACS-REV-

Figure 7.—Different types of athletes: 1) athletes with a neg-
ative history of acute coronary syndrome (ACS-) and with
no previous coronary revascularization (REV-) considered
as ACS-REV- ; 2) athletes with a negative history of acute
coronary syndrome (ACS-) and with previous coronary
revascularization (REV+) considered as ACS- REV+; 3)
athletes with a positive history of acute coronary syndrome
(ACSH).
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3. individuals with a history of ACS, regard-
less of revascularization status, categorized as
“ACS+”.

This classification underscores the importance
of'tailored assessments and interventions to man-
age risks associated with CAD in athletes, high-
lighting the nuanced relationship between exten-
sive physical activity and CV health.

For all athlete categories, the evaluation pro-
cess typically encompasses:

1. assessment of the type and intensity of the
sport;

2. risk assessment using parameters from the
European Society of Cardiology, including the
“SCORE2/SCORE2-OP to estimate the 10-year
risk of CV disease in Europe;!4

3. clinical and diagnostic evaluations, notably
an exercise test;

4. additional diagnostic testing for selected in-
dividuals based on initial findings.

ACS- REV-

For “ACS- REV-" athletes, after a thorough
risk assessment evaluation utilizing SCORE2/
SCORE2-OP models,!%5 the maximal EST acts
as the “gatekeeper”, as previously described.!06
While CCTA remains the gold standard in the
diagnostic flow chart for “ACS- REV-" athletes
with a positive EST, identifying subjects who
might benefit from CCTA in athletes with a nega-
tive EST is crucial. In this scenario, successful
management of modifiable risk factors could
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also influence the decision to use CCTA for some
categories.

It is crucial to know whether the subject has
performed a previous coronary imaging exami-
nation (Table XVI) or not (Table XVII).

ACS- REV+

For athletes with no history of acute coronary
syndrome (ACS-) and who have undergone
previous coronary revascularization (REV+),
a comprehensive assessment is necessary. This
assessment should include a maximal EST con-
ducted under optimal medical therapy, an echo-
cardiogram, and ultrasonography of the supra-
aortic trunks. While CCTA is considered the gold
standard in the diagnostic flow chart for “ACS-
REV+” athletes with a positive EST, those with
a negative maximal EST may be considered for
competitive eligibility in Group A sports, provid-
ed all suggested diagnostic tests return negative
results and there is vigilant monitoring of disease
progression and risk factors. Eligibility for Group
A sports can only be considered 12 months after
any revascularization procedure and following
“double therapy” with acetylsalicylic acid and
P2Y 12 receptor inhibitors (clopidogrel, prasug-
rel, ticagrelor). For individuals with a history of
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stenting in a single coronary vessel, the presence
of previous coronary artery imaging can help es-
tablish different risk categories (Table X VIII).

ACS+

Athletes with a history of acute coronary syn-
drome (ACS+) include individuals who have ex-
perienced ACS, regardless of whether they have
undergone myocardial revascularization (either
bypass or coronary angioplasty). Key indicators
of an adverse prognosis for these subjects are:

* the extent of coronary disease;

* the presence of ventricular arrhythmias;

* the presence of inducible ischemia;

* the degree of potential LV dysfunction.

Cardiac diagnostic investigations, such as
electrocardiograms, echocardiograms, ultraso-
nography of the supra-aortic trunks, and ambu-
latory ECG monitoring, along with a maximal
EST, should be conducted under optimal medical
therapy. However, ACS+ athletes are considered
a high-risk population, irrespective of prior coro-
nary imaging examinations or if cardiac diag-
nostic tests remain substantially unchanged from
previous assessments. In selected cases with a
lower risk profile, eligibility for Group A sports
may be considered (Table XIX), with stringent

TABLE XVI.—Recommendations for eligibility to competitive sports in athletes with a negative history of acute
coronary syndrome (ACS-) and no previous coronary revascularization (REV-) with previous imaging for coronary

arteries (CCTA<24 months).

Recommendation

LOE COE

Sports eligibility must be denied in:

11 ©

» Athletes documenting 1) fibro-lipid (fibro-fatty) plaque, or 2) plaque progression with arterial expansion
(positive remodeling), or 3) micro-calcifications leading to stenosis of >30% in the left main trunk or left

anterior descending coronary artery;

* Athletes documenting stenosis of >50% in any coronary artery;
* Athletes with cardiac stress testing of unequivocally ischemic significance.

Athletes documenting stenosis between 30-50% in >1 coronary artery, in the absence of plaques showing at 1I C
least 2 of the high-risk characteristics above described (fibro-lipid plaque, positive remodeling and micro-

calcifications) may be considered for group-A sports.

Subjects documenting stenosis <30% in >1 coronary artery or documenting negative CCTA can be considered I ©

eligible for all competitive sports.

TABLE XVIL.—Recommendations for eligibility to competitive sports in athletes with a negative history of acute
coronary syndrome (ACS-) and no previous coronary revascularization (REV-).

Recommendation LOE COE

Male subjects older than 40 years or female subjects older than 50 years with a negative maximal EST and I ©
low-moderate CV risk can be considered eligible for sports activity.

Subjects with negative maximal EST and very high CV risk should consider CCTA according to Figure 4 11 C

recommendation.
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TABLE XVIIL.—Recommendations for eligibility to competitive sports in athletes with a negative history of acute
coronary syndrome (ACS-) and previous coronary revascularization (REV+).

Recommendation

LOE COE

Sports eligibility must be denied in:

11 ©

* Subjects with previous stenting involving the left main trunk or coronary bifurcation;

* Subjects with a previous stenting in >1 coronary artery;

* Subjects documenting other stenosis of >50% in any coronary artery;
* Subjects documenting any other fibro-lipid plaque >30%, with positive remodeling and micro-

calcifications.

Subjects with a previous single vessel stenting (not involving left main trunk or coronary bifurcation) and 11 C
documenting other stenoses of 30-50% in one or more coronary arteries in the absence of plaques showing
at least 2 of the high-risk characteristics above described (fibro-lipid plaque, positive remodeling and micro-
calcifications) may be considered for group-A sports, after performing echocardiogram and ultrasonography

of supra-aortic trunks.

Subjects with a previous single vessel stenting (not involving left main trunk or coronary bifurcation) and I @
documenting stenosis of 30% in the presence of plaques showing at least 2 of the high-risk characteristics
above described (fibro-lipid plaque, positive remodeling and micro-calcifications) may be considered as
case by case according to the type of sport, after performing echocardiogram and ultrasonography of supra-

aortic trunks.

TABLE XIX.—Recommendations for eligibility to competitive sports in athletes with a history of acute coronary

syndrome (ACS+).

Recommendation

LOE COE

Sports eligibility must be denied in:

1T ©

* Subjects with chronotropic incompetence or abnormal BP response during EST;
* Subjects with angina, early detection of myocardial ischemia in resting electrocardiogram, or silent

myocardial ischemia at low threshold;
* Subjects with documented ventricular arrhythmias;
* Subjects with EF <50%;
* Subjects with a history of cardiac arrest;
* Subjects with a diagnosis of heart failure.

Subjects with none of the characteristics listed above may be considered for group-A sports based on a case- 11 C

by-case assessment.

disease progression and risk factors monitoring.
Such eligibility can only be granted 12 months
after any revascularization procedure and fol-
lowing “double therapy” with acetylsalicylic
acid and currently available P2Y12 receptor in-
hibitors (clopidogrel, prasugrel, ticagrelor).

The positive impact of sports on CAD is in-
creasingly recognized. Nowadays, a carefully
tailored and highly personalized exercise pre-
scription holds a Class I indication with a level
of evidence A for the secondary prevention of
CAD.107 Additionally, such an exercise regimen
can be instrumental in preventing comorbidities
and enhancing personal well-being.108-110 This
evaluation should be conducted in experienced
centers. Individuals with CAD may participate
in structured physical exercise if risk factors and
symptoms are properly managed and regular
clinical monitoring is maintained.
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Cardiological competitive sports
eligibility in the paralympic athlete

Pre-participation screening in paralympic ath-
letes: the added value of the Italian experience

Since 1993, Italian regulations have required pre-
participation screening for Paralympic athletes
(PAs), classifying sports into Group A and Group
B based on the level of muscular and cardiore-
spiratory engagement, each demanding specific
medical examinations. To date, pre-participation
screening has uncovered a higher prevalence of
CV abnormalities in PAs compared to their able-
bodied counterparts (12% vs. 3.9%, with AH ac-
counting for one-third of these cases), and a sig-
nificant (2%) prevalence of conditions associated
with the risk of SCD. 11!

Motor impairments, especially those resulting
from spinal cord injury (SCI), often lead to a sed-
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entary lifestyle, contributing to reduced exercise
capacity, sarcopenia, osteoporosis, chronic in-
flammation, dyslipidemia, and insulin resistance,
all of which elevate CV risk.!12 However, engag-
ing in sports with medium to high CV demands
has been shown to offer protective benefits against
CV events and is particularly encouraged for indi-
viduals with SCI and lower limb amputations.!!3

A thorough clinical evaluation, including 12-
lead rest and EST with protocols specifically
adapted to each athlete’s impairment, is crucial
for identifying conditions that could lead to SCD
and determining the need for further examina-
tion. The goal of the EST is to reach the highest
possible HR, considering the athlete’s specific
impairment. In the presence of abnormalities
or heart disease, PAs are evaluated based on the
same criteria as able-bodied athletes.

There is a consensus to adopt a more permis-
sive approach toward eligibility for Group A
sports, recognizing the important role of sports
in social integration and psycho-physical well-
being. For Group B sports, eligibility decisions
for PAs with heart disease must adhere to the
guidelines for able-bodied athletes, with the final
judgment in individual cases left to sports medi-
cine facilities that are highly experienced in the
medical assessment of PAs.

Pathophysiology and exercise-induced CV ad-
aptations in paralympic athletes

CV changes in athletes with SCI include altera-
tions in CV reflexes and hemodynamics, leading
to decreased venous return, preload, and after-
load.!4 These athletes may experience cardiac
hypotrophy, characterized by reduced stroke vol-
ume, smaller mass, and size of the cardiac cham-
bers — similar to changes observed in able-bod-
ied individuals after prolonged bed rest — which
results in a hypokinetic circulation marked by
reductions in cardiac output, mean arterial pres-
sure, and VO,,,..!!5 Additionally, SCI athletes
may encounter alterations in sweating and vaso-
dilation, impairing thermoregulation and increas-
ing the risk of hyperthermia during exercise.
Exercise is known to counteract the reduction
in cardiopulmonary capacity caused by SCI,!1¢
but the attainable VO2max is influenced by sev-
eral factors, such as the level and severity of the
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injury and the type of sport practiced.!!? While
non-SCI athletes may exhibit cardiac adaptations
similar to those of able-bodied individuals, the
extent of training-induced CV adaptations in SCI
athletes remains uncertain.!!! Distinguishing be-
tween physiological and pathological conditions
presents challenges and necessitates specialized
expertise in the pathophysiology of these ath-
letes. Consequently, CPET is recommended for
all high-level PAs, particularly when differentiat-
ing between physiological and pathological con-
ditions during pre-participation screening.

Disease-specific cardiological issues

The loss of sympathetic control in quadriplegic
individuals leads to sinus bradycardia at rest and
orthostatic hypotension during postural changes.
During physical activity, these athletes exhibit
a reduced increase in HR, vasodilation in the
muscles being exercised, and an absence of vaso-
constriction in areas not engaged in the exercise,
potentially leading to exertional hypotension,
characterized by general malaise, cold sweats,
and episodes of pre-syncope or syncope. These
symptoms may diminish over time with regular
training.

Additionally, individuals with SCI may expe-
rience autonomic dysreflexia (AD), a condition
arising from uncontrolled sympathetic nervous
system discharge triggered by stimuli below the
lesion level in injuries at or above T6. AD is
marked by a sudden and significant increase in
BP, manifesting symptoms such as headache, ar-
rhythmias, flushing, and sweating, and can esca-
late to a hypertensive crisis, AF, or cerebral hem-
orrhage. Athletes might intentionally induce AD,
using it as a form of “boosting” to enhance cardi-
ac output and performance, a practice that needs
immediate recognition and treatment (Table XX).

For a comprehensive assessment, an echocar-
diogram is advised at the initial evaluation for
athletes in specific categories:

1. individuals with Down Syndrome, due to a
high prevalence of congenital heart disease;!!8

2. those with tuberous sclerosis, given the as-
sociation with multiple myocardial rhabdomyo-
mas; 19

3. athletes with motor impairments from neu-
romuscular diseases, like muscular dystrophies
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TABLE XX.—Recommendations for pre-participation screening in Paralympic athletes.

Pre-participation screening in Paralympic athletes is even more important than in able-bodied athletes due to the underlying
pathology, the CV risk and the high mean age of the athletes involved.

Pre-participation screening should consist of a clinical examination, a 12-lead resting ECG and an EST with protocols and
modalities tailored to the athlete’s specific impairment. A stress test should be performed to achieve the highest possible HR,

considering the underlying pathology.

In case of suspicion, second-level tests must be performed according to the disease-specific indications provided for able-

bodied athletes.

CPET should be performed in all high-level athletes and every case of doubt between physiological and pathological

conditions during pre-participation screening.

The execution of a color-Doppler echocardiography in Paralympic athletes treated with antiblastic therapy (in particular with

anthracyclines) is required for competitive sport clearance.

Athletes with Down Syndrome and tuberous sclerosis need to undergo an echocardiogram at least at the first medical

assessment.

or metabolic myopathies, which often involve
myocardial dysfunction;

4. amputees due to bone tumors, who may
develop anthracycline cardiomyopathy, often
clinically silent, warranting annual echocardio-
graphic monitoring.

Special attention is required for bilateral con-
genital sensorineural deafness to exclude Jervell
and Lange-Nielsen Syndrome, a form of autoso-
mal recessive LQT Syndrome.

Recreational physical activity in patients with
at-risk CV diseases

Although diagnosing certain CV diseases might
deem competitive sports participation incom-
patible, this does not mean that patients should
become sedentary. Indeed, there is no clear
evidence that low-to-moderate intensity physi-
cal activity increases the risk of arrhythmias or
worsens the disease phenotype of CV diseases,
while there are undoubted benefits for physical
and mental health and social inclusion. Patients
should be evaluated in a center of proven experi-
ence to receive an individualized exercise pre-
scription based on the disease phenotype, the
clinical condition, including the possible pres-
ence of arrhythmias and/or an ICD, the current
drug therapy and the individual definition of the
work capacity through EST. Further diagnostic
and functional tests to provide a tailored exer-
cise prescription should be performed, including
CPET, 20, 121 particularly in patients with specific
conditions such as cardiomyopathies,!?2 where
an appropriate definition of the exercise-intensity
domains is essential.!23. 124 For these patients, ex-
cluding those with severely limiting symptoms,
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regular physical activity (at least 150 minutes
per week of light-moderate/moderate-intensity
aerobic exercise or at least 6000 steps per day)
is recommended in any case. In addition, a car-
diological follow-up at least once a year is rec-
ommended for all subjects with at-risk CV dis-
eases and for redosing and remodulating exercise
prescriptions for patients who are engaged in an
exercise program.
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