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Abstract

Aims This study aimed to report the long-term findings of the Italian programme of cardiovascular preparticipation screening
(PPS) in young, competitive athletes.

Methods
and results

The study assessed the diagnostic yield for diseases at risk of sudden cardiac death (SCD), the costs of serial evaluations, and
the long-term outcomes of PPS in a large population of Italian children (age range, 7–18 years). The PPS was repeated an-
nually and included medical history, physical examination, resting electrocardiogram, and stress testing; additional tests were
reserved for athletes with abnormal findings. Over an 11-year study period, 22 324 consecutive children [62% males; mean
age, 12 (interquartile range, 10–14) years at first screening] underwent a total of 65 397 annual evaluations (median 2.9/
child). Cardiovascular diseases at risk of SCD were identified in 69 children (0.3%) and included congenital heart diseases
(n= 17), channelopathies (n= 14), cardiomyopathies (n= 15), non-ischaemic left ventricular scar with ventricular arrhyth-
mias (n= 18), and others (n= 5). At-risk cardiovascular diseases were identified over the entire age range and more fre-
quently in children ≥12 years old (n= 63, 91%) and on repeat evaluation (n= 44, 64%). The estimated cost per diagnosis
was 73 312€. During a follow-up of 7.5± 3.7 years, one child with normal PPS findings experienced an episode of resusci-
tated cardiac arrest during sports activity (event rate of 0.6/100.000 athletes/year).

Conclusion The PPS programme led to the identification of cardiovascular diseases at risk of SCD over the whole study age range of
children and more often on repeat evaluations. Among screened children, the incidence of sport-related cardiac arrest dur-
ing long-term follow-up was low.
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Structured Graphical Abstract

• What are the diagnostic yield and costs of a preparticipation screening program based on early start (<14 years old) and annual
evaluations of young athletes?
• What is the outcome of screened young athletes?

• The incidence of cardiac arrest during a long-term follow-up was low.

The diagnostic yield and favorable long-term outcome provide support for preparticipation screening of young athletes based on
annual evaluations.
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The study enrolled a cohort of 22 324 children who underwent a mean of 2.9 annual preparticipation screening that included history, physical exam-
ination, resting ECG, and exercise testing. Cardiovascular diseases at risk of sudden cardiac death were identified in 69 children (0.3%). The diagnostic
yield of each screening session was 0.12% at the first evaluation and 0.1% at repeat evaluation. Moreover, it was 0.05% in children 7- to 11-year-old
vs. 0.12% in those 12- to 18-year-old. During a follow-up of 7.5± 3.7 years, one child with normal preparticipation screening findings experienced an
episode of resuscitated cardiac arrest during sports activity. HD, heart disease; LV, left ventricular; IQR, interquartile range.

Keywords Athlete • Cardiac arrest • Cardiomyopathy • Screening • Sports cardiology

Introduction
Sudden cardiac death (SCD) in young competitive athletes is caused by
a wide spectrum of cardiovascular conditions, including congenital heart
diseases, genetic cardiomyopathies and channelopathies, and acquired
conditions.1 Cardiovascular evaluation of athletes before participation

in competitive sports offers the possibility to identify athletes with cardio-
vascular disease at risk of SCD and to prevent sport-related fatalities.2

Preparticipation screening (PPS) is recommended by the American
Heart Association (AHA), the European Society of Cardiology (ESC),
the International Olympic Committee, and most medical associations
and sports federations worldwide.2–5 However, the optimal PPS protocol
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is still debated,1 with particular reference to the inclusion of a screening
electrocardiogram (ECG), the appropriate starting age and frequency of
repeat cardiovascular evaluations, and eligibility of athletes diagnosed
with cardiovascular diseases at risk of SCD.

An outcome study on English football players undergoing a single PPS
session including once-only evaluation at the age of 16 years reported
an incidence of SCD over a long-term follow-up much greater than his-
torical estimates.6 At variance with this screening modality, the Italian
programme, that has been in practice since 1982, mandates that the
preparticipation cardiovascular evaluation including ECG starts at the
beginning of athletic activity (even in early childhood) is repeated every
year and entails the non-eligibility to competitive sports activity of ath-
letes diagnosed with cardiovascular disease at risk of SCD.7

The present study was designed to evaluate the results of the Italian
PPS programme in a large population of children (age, 7–18 years), by
assessing the diagnostic yield of heart diseases at risk of SCD, the costs
of serial cardiovascular evaluations, and the long-term outcome.

Methods
Study population
The study population included children aged 7–18 years with no history of
cardiovascular disease who underwent serial cardiovascular screening be-
fore participation in competitive sports activity during the time interval
from 2009 to 2019 at the Center for Sports Medicine of Treviso, Veneto
Region of northeastern Italy. This centre serves the entire population of
children of the Treviso country area undergoing PPS, which is provided
for free by the National Health System (funded with taxes) under the age
of 18 years. The Center for Sports Medicine of Treviso is a leading centre
for sports medicine in the Veneto region of Italy and is a representative re-
gional observatory for monitoring the outcome of the Italian PPS
programme.

The results of PPS were evaluated from the first screening session to the
last repeat evaluation or until their 18th birthday. Preliminary and limited
data on PPS of the subgroup of adolescents have been previously published
in the form of a Research Letter.8

The study was approved by the Ethical Committee of the Treviso prov-
ince, and because the study reports observational and fully anonymized
data, consent was waived. Study data are available from the corresponding
author upon reasonable request.

Screening protocol
According to Italian law,9 all individuals who participate in an organized
sports programme requiring regular training and competition must undergo
an annual medical evaluation by a physician with a specialty degree in sports
medicine. The age when competitive sports activity starts is established by
the Italian Sport Federations and varies for different sport disciplines (see
Supplementary material online, Table S1). Accordingly, the minimal age of
the first PPS session in the present study varied for the specific sports ac-
tivity practiced by the child-athlete. Screening is repeated on a regular basis
every year.

The Italian protocol of cardiovascular evaluation before participation in
competitive sports activity has been previously reported in detail.7 In brief,
it includes a personal and family history questionnaire, physical examination,
resting 12-lead ECG, and stress testing. A family history of SCD, cardiomy-
opathy, Marfan’s syndrome, long-QT syndrome, Brugada syndrome, or
other hereditary cardiovascular diseases in the first- or second-degree fam-
ily members is considered significant and warrants more evaluation. The
personal history is considered positive if the subject reported experiencing
chest pain or discomfort during exertion, syncope or near-syncope, irregu-
lar heartbeats or palpitations, or shortness of breath or fatigue dispropor-
tionate to the degree of physical effort. Electrocardiograms were

interpreted according to the international recommendations for interpret-
ation of the athlete’s ECG or previous iterations depending on the year of
the evaluation.10,11 Limited bicycle ECG stress testing, which was originally
required by the Law for the calculation of the heart rate recovery as an in-
dex of athlete’s physical fitness, is now used to evaluate the occurrence of
effort-dependent ventricular arrhythmias.12 This test lasts ∼3 min and is
performed on a cycle ergometer starting abruptly with a workload of 2
W/kg in females or 3W/kg in males with load adjustments, if necessary, until
reaching at least 85% of maximal heart rate. The test ends abruptly and is
followed by 3 min of post-exercise monitoring.

Further testing
Athletes with a positive medical or family history, abnormal physical exam-
ination, ECG, or stress test underwent further investigations such as
12-lead 24-h ambulatory ECG monitoring (including a training session),
maximal exercise testing (until muscle exhaustion), and echocardiography
including the evaluation of the origin of coronary arteries. Cardiac magnetic
resonance was prescribed for athletes with clinical, ECG, echocardiographic
abnormalities or exercised-induced ventricular arrhythmias raising the suspi-
cion of genetic cardiomyopathies, acute myocarditis, or post-inflammatory
myocardial scar. Athletes with ventricular preexcitation on resting ECG
were risk-stratified on the basis of the anterograde refractory period of the
accessory pathway which was first evaluated non-invasively by the abrupt ter-
mination or persistence of preexcitation during maximal stress testing.
Invasive electrophysiologic test was reserved to athletes with persistent pre-
excitation during exercise.

Management of athletes with cardiovascular
diseases
According to the Italian Law, athletes with a diagnosis of a cardiac disease at
risk of SCD were considered ineligible for competitive sports either tem-
porarily (if a curative treatment was available) or permanently. All athletes
not eligible for competitive sports were enrolled in a specific tailored leisure
time exercise prescription programme in order to mitigate the conse-
quences to their physical and mental health. The programme, called ‘The
second half of Julian Ross’, also offers psychological support and follow-up
medical management.

Costs analysis
A costs analysis of the cardiovascular PPS programme at the Sports Medical
Center of Treviso was reported in detail in a previous study.7 The cost ana-
lysis of PPS in the present study was performed according to this previous
analysis, in which the total age-adjusted cost of a screening session, including
both the fixed cost for first-line evaluation (62€) and the variable cost for
additional investigations in the subset of athletes with suspicion of cardio-
vascular abnormalities, was estimated at 67€ in the age group 7–11 years
and 79€ in the age group 12–18 years (Supplementary material online,
Table S2). The cost per diagnosis was calculated as the number of diagnoses
divided by the number of evaluations multiplied by the cost for each screen-
ing session. The incremental cost-effective ratio (ICER) for screening older
vs. younger children was calculated as the ratio between the different costs
and the different diagnostic yields of each screening session.

Outcome
The primary surveillance outcome was SCD or resuscitated cardiac arrest
occurring in the screened athletic population, including both sport-eligible
and non-eligible athletes. The surveillance period lasted from the first evalu-
ation to the end of 2021. Outcome data were obtained from office visits,
interrogation of the Registry of Juvenile SCD of the Veneto region of
Italy in which reporting of all deaths is mandated by law, and review of all
records of young patients admitted for resuscitated cardiac arrest in all hos-
pitals of the Treviso province and the Padua University Hospital (regional
hub for paediatric cardiac emergences). Moreover, systematic research in
the local and national press was conducted for daily monitoring of reports
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of cardiac arrests or SCD occurring during the study period either in those
individuals permanently resident in the Treviso area or in those who moved
to other regions or countries. Annual follow-up data were also available for
all former athletes considered non-eligible for competitive sports who
underwent annual cardiovascular evaluation in the sports cardiology out-
patient clinic of the Center for Sports Medicine of Treviso.

Statistical analysis
Categorical data are expressed as counts (%) while continuous data are ex-
pressed as mean with standard deviation or median with interquartile range
(IQR) according to distribution.

Results
The study population included 22 324 consecutive athletes (62% male,
89% Caucasian) who underwent a total of 65 397 annual preparticipa-
tion cardiovascular evaluations (mean 2.9 per athlete) over the 11-year
study period. Themedian age at the first screening was 12 (IQR, 10–14)
years. Additional investigations were prescribed after 5828 (8.9%) first-
line evaluations and included echocardiography (n= 5,493, 8.4%), 24-h
ambulatory ECG monitoring (n= 5,297, 8.1%), maximal exercise
testing (n= 2616, 4.0%), and cardiac magnetic resonance imaging
(n = 131, 0.2%). Invasive electrophysiologic study or coronary angiog-
raphy was performed on 14 athletes (0.02%). Reasons for additional in-
vestigations included a positive family history (2.6%), an abnormal
physical examination (1.0%), or alterations of resting 12-lead ECG
(3.0%), or exercise testing (5.1%).

Diagnostic yield
With multiple evaluations, a diagnosis of cardiovascular disease was
made in 403 athletes, and included conditions unassociated (334;
1.5%) with or associated with SCD (69; 0.3%; Table 1).

At-risk cardiovascular conditions included congenital heart diseases
in 17 athletes (including abnormal origin of coronary arteries in 11),
channelopathies in 14, cardiomyopathies in 15, post-inflammatory or
idiopathic non-ischemic left ventricular scar (NILVS) with ventricular
arrhythmias in 18, and other conditions in 5. Fifty-one of 69 athletes
(74%) with a diagnosis of a disease associated with SCD participated
in team sports (soccer n= 18, volleyball n= 15, basketball n= 10, rugby
n= 6, and other n= 2) while 18 practiced a variety of individual sports
disciplines. Of the 69 athletes (70%males), 20 (29%) had a positive fam-
ily history, symptoms, and/or abnormal physical examination, 41 (59%)
had abnormalities on resting 12-lead ECG, and 36 (52%) demonstrated
abnormalities on exercise testing (Table 2).

Of 69 diagnoses of cardiovascular diseases at risk of SCD, 25 (36%)
were made at the initial screening evaluation and 44 (64%) on repeat
cardiovascular evaluation (Figure 1). Cardiovascular diseases more fre-
quently identified on repeat evaluation included inherited cardiomyop-
athies (11/15; 73%), NILVS with ventricular arrhythmias (15/18; 83%),
and long-QT syndrome (8/13; 61%). The diagnostic yield of each
screening session was 0.12% at the first evaluation (25 diagnoses of
22 324 first evaluations) and 0.1% at repeat evaluation (44 diagnoses
of 43 073 repeat evaluations).

A sub-analysis of diagnoses by age showed that 6 of 69 (9%) diagno-
ses of cardiovascular diseases at risk of SCDwere made in children who
were 11 years old or younger at the time of the evaluation and 63 of 69
(91%) when children were 12 years old or older (Figure 2). This latter
age subgroup included 13 of 15 children who were diagnosed with car-
diomyopathies and all 18 children with NILVS. Fifty-one (74%) diagno-
ses were made in children younger than 16 years. The diagnostic yield

of each screening session according to the age at the time of the evalu-
ation was 0.05% (6 of 12 001 evaluations) in children 7–11 years old and
0.12% (63 of 53 396) in those 12–18 years old.

Cardiac conditions unassociated with SCD included idiopathic ventricu-
lar arrhythmias in 122 children, complex supraventricular arrhythmias in 54,
valvular abnormalities in 45, low-risk ventricular preexcitation in 35, minor
congenital coronary anomalies in 30 such as anomalous origin of the cir-
cumflex artery from the right coronary sinus with retroaortic course, sim-
ple congenital heart diseases in 26 arterial hypertension in 18, and other
conditions in 4. Two athletes with partial anomalous venous returns and
five with atrial septal defects underwent surgical correction.

Costs analysis
The cost of the entire screening process over the 11-year study period
was 5 058 531€, with an estimated cost per diagnosis of heart disease
associated with SCD of 73 312€. The cost per diagnosis, including
both the cost of first-line examination and the cost of further investiga-
tions, of the serial screening process (initial plus repeat evaluations) was
7% higher than that of a single (initial) evaluation (73 312€ vs. 68 793€).
The cost per diagnosis in the age group 7–11 years old was 140 041€ vs.
66 957€ in the age group 12–18 years old (ICER= 17 143€ per
diagnosis).

Long-term outcome
During a mean (±SD) follow-up of 7.5± 3.7 years, one athlete from the
entire cohort including both eligible and disqualified athletes experi-
enced an episode of resuscitated cardiac arrest accounting for an event
rate of 0.6/100.000 athletes/year. The athlete was a 15-year-old runner
considered eligible for and participating in competitive sports activity
after a normal cardiovascular evaluation 11 months before the event.
The athlete collapsed during a training session due to ventricular fibril-
lation and was successfully resuscitated using an onsite automated ex-
ternal defibrillator. Despite thorough clinical investigations, including
contrast-enhanced cardiac magnetic resonance, coronary computed
tomography, electrophysiological study, ECG monitoring, exercise
stress test, toxicological screening, sodium-channel-blocker test for
Brugada syndrome and a comprehensive genetic screening panel for
mutations associated with SCD, the cause of ventricular fibrillation re-
mained unexplained. No athlete restricted from competitive sport ex-
perienced an adverse event.

Four athletes with ventricular preexcitation were allowed to resume
competitive sports activity after successful catheter ablation of the acces-
sory pathway. None of the remaining 65 children considered definitively
non-eligible for competitive sports because of the diagnosis of cardiovas-
cular diseases at risk of SCD, who entered a programme of management
and annual follow-up in the outpatient sports cardiology clinic of the
Center for Sports Medicine of Treviso, suffered a cardiac event.

Discussion
The present study was designed to assess the results of annual cardio-
vascular PPS in a large cohort of Italian children (age range, 7–18 years).
Themain study results were that (i) the overall yield of diagnoses of car-
diovascular diseases, either associated or unassociated with SCD,
among asymptomatic children was 1.8% over a mean of three PPS
evaluations; (ii) the identification of cardiovascular diseases associated
with SCD encompassed the entire study age range of the children
with a trend toward an increasing diagnostic yield with increasing age;
(iii) the diagnostic yield of repeat (annually) screening evaluations was
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Table 1 Diagnoses of cardiovascular diseases at risk of sudden cardiac death over serial screening

All
evaluations

First
evaluation

Second
evaluation

Third
evaluation

Fourth
evaluation

Fifth
evaluation

Sixth
evaluation

Seventh
evaluation

n=65 397 n=22 324 n=14 155 n=10102 n=7819 n= 5548 n=3633 n=1816

Anomalous origin of
the coronary
artery

11 7 — 2 1 1 — —

Aortic coarctation 1 1 — — — — — —

Arrhythmogenic
cardiomyopathy

4 1 3 — — — — —

Brugada syndrome 1 — — — — — — 1

NILVS scar with
arrhythmias

18 3 3 7 — 1 2 2

Complicated bicuspid
aortic valve

1 — — 1 — — — —

High-risk ventricular
preexcitation

4 2 — 1 1 — — —

Hypertrophic
cardiomyopathy

8 3 2 2 — — 1 —

Long-QT syndromea 13 5 4 2 2 — — —

Marfan syndrome 1 — 1 — — — — —

Mitral valve prolapse
with arrhythmias

3 2 — 1 — — — —

Otherb 4 1 2 1 — — — —

Total 69 25 15 17 4 2 3 3

NILVS, non-ischaemic left ventricular scar.
aConfirmed by genetic analysis.
bDilated cardiomyopathy in 1, aortic dilation secondary to familial connective tissue disorder in 1, Fabry disease in 1, myocardial non-compaction in 1.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Abnormal findings at preparticipation evaluation for cardiovascular diseases at risk of sudden cardiac death

Family history Symptoms Physical examination Resting ECG Stress testing

Anomalous origin of the coronary artery 1 (9%) 2 (18%) — 8 (73%) 1 (9%)

Aortic coarctation — 1 (100%) 1 (100%) 1 (100%) —

Arrhythmogenic cardiomyopathy 2 (50%) — — 4 (100%) 2 (50%)

Brugada syndrome 1 (100%) — — 1 (100%) —

NILVS with arrhythmias — 1 (6%) — 5 (28%) 15 (83%)

Complicated bicuspid aortic valve — — 1 (100%) 1 (100%) —

High-risk ventricular preexcitation — — — 4 (100%) —

Hypertrophic cardiomyopathy 3 (38%) — 2 (25%) 6 (75%) 3 (38%)

Long-QT syndrome 2 (15%) — — 9 (69%) 10 (77%)

Marfan syndrome — — 1 (100%) — —

Mitral valve prolapse with arrhythmias 1 (33%) — 2 (66%) — 3 (100%)

Othera 2 (50%) 1 (25%) — 3 (75%) 2 (50%)

Total 12 (17%) 5 (7%) 7 (10%) 41 (59%) 36 (52%)

NILVS, non-ischaemic left ventricular scar.
aDilated cardiomyopathy in 1, aortic dilation secondary to familial connective tissue disorder in 1, Fabry disease in 1, and myocardial non-compaction in 1.
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similar to that of the first evaluation, accounting for an increase of the
overall diagnostic yield by nearly two-thirds in comparison with
once-only screening; (iv) the rate of SCD or resuscitated cardiac arrest
during follow-up was 0.6/100.000/year (Structured Graphical Abstract).

Diagnostic yield
In the present study, preparticipation cardiovascular screening led to
the identification of cardiovascular diseases at risk of SCD in 69

asymptomatic children (0.3%). This prevalence of at-risk cardiovascular
diseases among screened children is consistent with that reported in
previous studies of young competitive athletes (0.25%–0.5%).13–18 In
addition, other cardiovascular diseases not associated with SCD were
diagnosed in 1.5% of the study population, accounting for an overall
diagnostic yield of 1.8%. Less than one-third of athletes were diagnosed
because of a positive family history, symptoms, or abnormal physical
examination, while the remaining diagnoses were prompted by abnor-
malities on resting ECG or exercise testing.

Figure 1 Distribution of diagnoses of cardiovascular diseases at risk of sudden cardiac death according to the preparticipation cardiovascular
evaluations.

Figure 2 Distribution of cardiovascular diseases at risk of sudden cardiac death according to the age at the time of diagnosis.
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According to the Italian law, all individuals who participate in an or-
ganized sports programme requiring regular training and competition
must undergo a serial (annual) medical evaluation, starting at an age
that is established by the various sports Federations. This screening mo-
dality differs from that of other countries: for instance, in a study re-
porting the UK screening programme, children underwent a single
cardiovascular evaluation at the age of 16 years.6

Our study results suggest that the Italian PPS programme starting at a
variable age of 7–14 years may allow earlier identification of cardiovas-
cular diseases at risk of SCD during sports. Indeed, 51 (74%) diagnoses
of cardiovascular diseases at risk of SCD were detected in children
younger than 16 years. The spectrum of cardiovascular diseases identi-
fied in the age group <16 years included congenital heart diseases, gen-
etic channelopathies, and either genetic or acquired heart muscle
diseases. This indicates that a delay of the first preparticipation evalu-
ation to the age of 16 years may expose a sizeable population of still
unscreened younger children to the risk of sport-related SCD due to
unknown heart diseases.

In our study, we found that PPS allows the identification of cardiovas-
cular diseases at risk of SCD over the whole study age range of children
(7–18 years), although a higher diagnostic yield and lower costs per
diagnosis were observed in children aged ≥12 years than in younger
ones. This latter finding may be plausibly explained by the age-
dependency of phenotypic expression of substrates of SCD such as in-
herited cardiomyopathies, which rarely occurs before pubertal devel-
opment.19–21 However, it must be highlighted that 9% of diagnoses
of diseases at risk of SCD were made in children who were 11 years
old or younger at the time of their first evaluation. In these younger chil-
dren, the earlier identification of conditions associated with the risk of
SCD such as long-QT syndrome and other congenital heart diseases
may lead to early preventive treatment.

Our study results showed that repeat cardiovascular evaluations in-
creased the diagnostic yield of cardiovascular disease at risk of SCD com-
pared with once-only PPS. The diagnostic yield of each repeat evaluation
was similar to that of the first evaluation. As a consequence, after a mean
of three annual screening sessions, the number of athletes who received a
diagnosis of an at-risk condition increased nearly by two-thirds (from 25
to 69) in comparison with the initial evaluation. Inherited cardiomyop-
athies and NILVS with ventricular arrhythmias were the heart diseases
more frequently identified on repeat evaluation. Indeed, serial cardiovas-
cular evaluations expectedly increased the detection rate of both genetic
cardiomyopathies with a late onset phenotype during adolescence and
newly acquired heart muscle diseases. These findings are in keeping
with the previous observation by serial echocardiographic studies of chil-
dren and adolescents with familial hypertrophic cardiomyopathy, show-
ing that left ventricular hypertrophy develops or progresses during
childhood and adolescence when body growth is considerable.19

Likewise, arrhythmogenic right ventricular cardiomyopathy most often
becomes clinically manifest between the second and fourth decades of
life.20,21 TheNILVS is a condition thatmay cause life-threatening ventricu-
lar arrhythmias and SCD in the athlete. The main clinical manifestation of
the left ventricular scar consists of exercise-induced, often complex, ven-
tricular arrhythmias.22–24 In the present study, this condition was most
frequently suspected based on exercise-induced ventricular arrhythmias,
triggering a contrast-enhanced cardiac magnetic resonance study with
demonstration of the underlying myocardial fibrosis. Of interest, in our
study, QTc prolongation leading to a diagnosis of genetically proven
long-QT syndrome was more frequently identified on ECG at repeat
evaluation, a finding which may be explained by the inherent variability
of the QT interval over time.25

A previous study on the outcomes of PPS of 11 168 English football
players based on a single cardiovascular evaluation at the age of 16 years
reported an incidence of SCD during long-term follow-up of 6.8/
100.000 athletes per year.6 Five of eight victims of SCD died because
of cardiomyopathies that were undetected at the time of the single
evaluation and performed a mean of 6.8 years before their death.
These data raised the concern that a single cardiovascular evaluation
may potentially miss genetic diseases with late phenotypic onset or
newly acquired conditions. The results of our study support the con-
cept of the limited efficacy of once-only screening by showing that 9
of 13 athletes diagnosed with cardiomyopathies were diagnosed on re-
peat evaluation.

Costs
In our study, the cost to identify a cardiovascular disease associated
with SCD (69 athletes) was €73 312 per athlete, which was similar to
that of £77 280 (€88 250 at the November 2022 exchange rate) re-
ported by Malhotra et al.6 for screening UK football players. Our study
results demonstrated that serial cardiovascular screening, leading to a
substantial increase of the diagnostic yield of at risk diseases, accounted
for a cost per each diagnosis which slightly exceeded that of once-only
screening. Of note, the cost per diagnosis doubled in children younger
than 12 years compared with older children.

Outcome
Previous data from the Veneto region of Italy showed that over two
decades of screening implementation, the incidence of SCD among
competitive athletes 12–35 years old declined from 3.6 to 0.4 per
100.000 athletes per year.17 In the present study focusing on younger
athletes, no SCD was observed during follow-up and only one athlete
experienced a resuscitated cardiac arrest of undetermined origin, ac-
counting for an annual event rate of 0.6 per 100 000 competitive ath-
letes per year.

The case of the child with normal PPS findings who experienced an
episode of resuscitated cardiac arrest during sports activity serves as a
critical reminder that PPS is not able to identify all athletes at risk of car-
diac arrest/sudden death and eliminate all risk of sudden cardiac arrest.
Acute myocarditis may occur unpredictably and some cardiac condi-
tions such as atherosclerotic coronary artery disease and congenital
anomalies of coronary arteries usually are asymptomatic and non-
associated with abnormalities on the ECG. On the other hand, a pro-
portion of arrhythmic cardiac arrest/SCD has no evidence of a recog-
nized structural heart disease or inherited cardiac ion-channel defect,
and the cause of death is idiopathic ventricular fibrillation.2 Such screen-
ing limitations justify the efforts to implement all trainings and competi-
tions a proper emergency response planning with immediate access to
automated external defibrillators.26,27

Among the international Sports Medicine and Cardiology commu-
nity, it is debated whether athletes diagnosed with a cardiovascular con-
dition at risk of SCD should be mandated as ineligible for competitive
sports.28–30 In Italy, the non-eligibility decision of the sports medicine
physician following the diagnosis of a condition at risk of SCD is legally
binding. Whether this prevention strategy may be more effective in re-
ducing the risk of catastrophic events during sports in comparison with
a more liberal policy implying shared decision-making for return to play
between athletes and physicians, remains to be proven. It is worth not-
ing that in the study by Malhotra et al., amongst the five adolescent
English football players diagnosed with hypertrophic cardiomyopathy
at initial screening, three athletes complied with medical advice to
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stop competitive sport and survived, while two athletes declined re-
commendations to cease competitive sport and died during exercise.6

In our study, none of the 65 children definitively non-eligible because of
conditions at risk of SCD and subsequently undergoing management
(including individualized non-competitive exercise prescription) suf-
fered a cardiac event. This finding suggests that screening children for
cardiovascular diseases at risk of SCD may not merely change the
mode of death of affected individuals from exercise-related to
exercise-unrelated, but actually may reduce mortality during long-term
follow-up thanks to subsequent risk stratification and appropriate clin-
ical treatment aimed to prevent SCD.

Study limitations
Our study is limited by the relatively homogeneous ethnical
demographic features in the Veneto region of Italy; thus, our findings
may not apply to more ethnically diverse athlete populations. Sports
medicine training within Italy also facilitates an experienced infrastruc-
ture of physicians to conduct the cardiovascular evaluation of athletes.
Countries with less experienced clinicians or limited cardiology re-
sources may not be able to replicate the same sensitivity or cost per
diagnosis.

Although a small number of people likely moved to different regions
of the country or to other countries during the study period, such mo-
bility did not impact the death records of screened children based on
the results of our systematic press search for cardiac arrest or SCD oc-
curring at the regional and national level. All cases of cardiac arrest/SCD
might not be reported by regional and national newspapers, but fatal
events involving young athletes are expected to always attract press
coverage because of the emotional impact on the mass media.

The cost of a diagnosis of a disease at risk of SCD and consequent
non-eligibility to competitive sports activity goes beyond a crude econom-
ical estimation and should be evaluated also in terms of health, psycho-
logical well-being, and even future opportunities, including professional
athletic activity. In order to mitigate such effects on the physical and men-
tal health of non-eligibility to competitive sports, the Center of Sports
Medicine of Treviso offered a tailored programme of leisure exercise ac-
tivity with enrollment in a follow-up programme to all not eligible athletes.

Conclusions
The PPS programme led to a diagnosis of cardiovascular diseases at risk
of SCD over the whole study age range of children and was associated
with a low incidence of life-threatening cardiovascular events. The
probability of identifying an at-risk condition was similar between re-
peat evaluation and first screening session, thus accounting for an in-
crease of the overall diagnostic yield by nearly two-thirds in
comparison with once-only screening. The favourable long-term out-
come and survival provide additional support to the value of early de-
tection through PPS and appropriate management of cardiovascular
diseases at risk of SCD in the children population.
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