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Background Preparticipation screenings have been

conceived for the potential to prevent sudden cardiac death

in young athletes by early identification of hidden cardiac

diseases. Commonly used protocols include family history

collection, physical examination, and resting

electrocardiogram. Transthoracic echocardiography has

been hypothesized to have a primary role in the

preparticipation screening.

Aims The present study aimed to evaluate the additional

role of echocardiogram in identifying cardiovascular

abnormalities that might be undetected by commonly used

preparticipation screening.

Methods We retrospectively reviewed Ferrari Formula

Benessere, a corporate wellness program database, and

analyzed data recorded from 2017 to 2022 to compare two

medical models: a ‘standard’ preparticipation screening

including medical history, physical examination,

electrocardiogram and exercise stress testing versus an

‘advanced’ preparticipation screening comprising history,

physical examination, electrocardiogram, exercise stress

testing and echocardiography.

Results From an initial sample size of 7500 patients, we

included 500 patients (420 male, 33.69W7.9 mean age)

enrolled for the first time in the corporate wellness program
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between 2017 and 2022. Three hundred and thirty-nine

(67.8%) patients had no abnormal findings at ‘standard’

preparticipation screening and, even if they would have not

required further evaluation, we performed echocardiography

anyway (‘advanced’ preparticipation screening): 31 (9.1%)

showed some abnormal cardiovascular findings at

echocardiography, such as patent foramen ovalis, bicuspid

aortic valve, aortic root ectasia or mitral valve prolapse.

Conclusions Screening echocardiogram showed an

additional value (about 10%more) in detecting patients with

cardiovascular abnormalities, otherwise undiagnosed with

the ‘standard’ preparticipation screening protocol.

J Cardiovasc Med 2023, 24:297–301

Keywords: athletes, echocardiography, preparticipation screening, sudden
cardiac death

aPublic Health Department, PASCIA Center, bPublic Health Department,
University of Modena and Reggio Emilia, Modena, cMed-Ex, Medicine and
Exercise srl, Medical Partner Scuderia Ferrari, Rome – Maranello (Mo) and
dPublic Health Department, University of Naples Federico II, Naples, Italy

Correspondence to Alessandro Biffi, Med-Ex, Medicine & Exercise srl, Medical
Partner Scuderia Ferrari - via Vittorio Veneto 108, 00187 Rome, Italy
E-mail: alessandro.biffi@med-ex.it

Received 21 December 2022 Revised 23 February 2023
Accepted 25 February 2023
Introduction
The benefits of sport in improving overall health are

undoubted,1 but physical activity has also been shown to

be related to an increased risk of cardiovascular events.2,3

The main causes of sudden cardiac death (SCD) in

athletes are represented by cardiomyopathies, coronary

artery abnormalities, and arrhythmogenic diseases.4,5 It is

essential to highlight that sport is not itself the cause of

increasedmortality, but it can trigger adverse events up to

cardiac arrest in patients with underlying cardiac abnor-

malities, often misunderstood. Preparticipation screening

(PPS) of athletes before engaging in sports activities can

therefore play a fundamental role in identifying any risk

conditions to prevent exercise-related complications.

The PPS examination proposed by the ESC (European

Society of Cardiology) includes the collection of medical

history, physical examination, and resting electrocardio-

gram (ECG), reserving further examinations, including

echocardiography, for patients with anomalies during the

first step evaluation.6 However, about a third of these
athletes may have a normal ECG despite having hidden

underlying structural abnormalities or initial forms of

cardiomyopathy.7,8 Therefore, there is a potential need

to find other first-line screening exams, useful in the

PPS process.

Echocardiogram could be a noninvasive and accessible

tool to increase PPS sensitivity.9 Given the growing

adoption of this technique also by noncardiologist phy-

sicians, the low cost, and the widespread diffusion of

portable ultrasound devices,10,11 its use is increasing.

There is currently no unanimous consensus on the inclu-

sion of the echocardiogram in the PPS protocol, even if its

role as a first-line exam to detect SCD-related cardiac

abnormalities has been recently theorized,12–14 and con-

sidering also that the low acoustic impedance of the

athletic population makes it possible to obtain high-

quality images However, even if a complete echocardio-

graphic study would potentially detect a wide range of

structural abnormalities, it could be disadvantageous in

terms of time and especially costs.15
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The aim of the present paper was to evaluate the poten-

tial role of an echocardiogram in identifying cardiovascu-

lar abnormalities that might be undetected by commonly

used PPS.

Methods
Study design
This is an observational retrospective study, conducted

according to STROBE guidelines.16

The Ferrari company delivers its corporate wellness

program called ‘Ferrari Formula Benessere’ through

Med-Ex, Medicine & Exercise. This project consists

of a yearly medical screening, including a complete

cardiovascular (CV) evaluation: family and personal med-

ical history, physical examination, resting ECG, exercise

stress testing (EST) and echocardiography for all the

employees. Its effectiveness has already been

proved.17–19 All these data are recorded through an online

database.

We retrospectively reviewed the Med-Ex database and

analyzed data recorded from 2017 to 2022 to compare two

medical models: a ‘standard’ PPS including medical

history, physical examination, ECG and EST vs. an

‘advanced’ PPS comprising history, physical examina-

tion, ECG, EST, and echocardiography. The primary

outcome of the study was to assess the efficacy of the

‘advanced’ PPS in detecting CV abnormalities compared

to the ‘standard’ PPS.

Participants
A consecutive convenience sample of individuals en-

rolled for the first time at the Ferrari corporate wellness

program ‘Formula Benessere’ was selected between 1

January 2017 and 1 January 2022. Inclusion criteria were

represented by the possibility to obtain their medical data

from the database: personal and family history, physical

examination, resting ECG, resting blood pressure, EST

with blood pressure monitoring, and echocardiogram. Ex-

clusion criteria were represented by the presence of any

known CV diseases, incomplete medical data through the

Med-Ex database, or participants who had been already

enrolled in the ‘Formula Benessere’ program.We decided

to exclude patients who had been previously screened in

the program to verify our hypothesis at the very first visit,

without any previous medical visit.

Participation in the program was completely free for

employees. Each patient was assessed by medical doctors

and allied professionals. Before the visit, each patient

signed an informed consent accepting medical proce-

dures and data collection by Med-Ex for scientific pur-

poses. Med-Ex treats these data according to privacy

rules. For the present study, data were retrieved through

the database by an author with the right to access the data

(A.B.). Sensible data were concealed, and each record was

numbered and anonymized.
This study was conducted according to the principles of

the Helsinki Declaration and its later amendments.

Procedures
Each patient underwent a five-point PPS, under the

supervision of a cardiologist or a sports medicine

physician:
(1) T
he family and personal clinical history of partici-

pants were recorded and the cardiovascular (CV) risk

assessment was performed using the Systemic

Coronary Risk Evaluation system, based on age,

sex, blood pressure, blood cholesterol, and smoking

history.20
(2) P
hysical examination was conducted according to

Bethesda conference recommendations.21
(3) R
esting ECG was evaluated considering Internation-

al ECG criteria.22
(4) A
 maximal cycle ergometer EST (Daum Ergometer

Premium 8i, Daum Electronic Gmbh, Fürth,

Germany) was performed. The protocol consisted

of 2min of unloaded cycling, followed by increments

of 50W for men and 30W for women every 2min. In

the absence of clinical/instrumental alterations

requiring exercise cessation, the test was continued

until muscle exhaustion. ECG was recorded at rest,

during the exercise, and during recovery using

Cardioline Cube PC software (Cardioline US, San

Diego, CA, USA). Similarly, systolic and diastolic

pressures were recorded. All tests were conducted in

compliance with the exercise standards for testing.23
(5) A
ll patients underwent 2D echocardiography using a

commercially available system (Vingmed Vivid-7,

General Electric Vingmed; Milwaukee, WI, USA; or

Aplio XV and 400; Toshiba, Japan). The guidelines of

European Association of Cardiovascular Imaging

served as a guide.24 Three experienced cardiologists

performed all studies, which were digitally stored for

offline analysis. In the case of disagreement, the

entire team reviewed the data.
Statistical analysis
The differences in the frequencies were evaluated with

the chi-square test and the Fisher exact test used in cases

of small frequencies, for categorical variables. Continuous

variables were expressed as the mean� standard devia-

tion of the differences in the means between the two

groups and were assessed by Student’s t-test. Analysis of
variance (ANOVA) was used to evaluate the differences

in the parameters under consideration for variables with

three or more categories. Cohen’s kappa (k) statistic was
used to measure the agreement between echocardiogra-

phy and pathology. The chosen level of statistical signifi-

cance was 0.05. All analyses were performed by using

the STATA statistical package14. Stata: Release 14.

Statistical Software. College Station, TX: StataCorp LP.
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Results
Between January 2017 and January 2022, a total of 7500

patients were screened by the ‘Formula Benessere’ pro-

gram. After the application of inclusion criteria, 7000

patients were discarded; therefore, data from 500 patients

were analyzed. Details of exclusion criteria are shown in

Fig. 1.

Participants were mainly men (84%), with a mean age of

33.69� 7.9 years. All the patients underwent the ‘ad-

vanced’ PPS protocol including an echocardiogram.

One hundred and sixty-one (32.2%) patients would have

shown abnormal findings with the ‘standard’ PPS, thus

requiring an echocardiogram evaluation; 339 (67.8%)

patients had no abnormal findings at ‘standard’ PPS

and, thus, would have not required further evaluation

including an echocardiogram.

Thirty-three of 161 (20.5%) of the patients of the ‘stan-

dard’ PPS positive group showed some morpho-function-

al abnormal findings at echocardiography; 31 of the 339

(9.1%) patients of the ‘standard’ PPS negative group

showed some abnormal findings at echocardiography

(20.5% vs. 9.1% – P< 0.05).
Fig. 1

7500
patients

500
patients

161
screening+
(32.2%)

33+
(20.5%)

Routine PPS

Echocardiogram

Flow chart of study participants. PPS, preparticipation screening; CV, cardio
resting electrocardiogram, resting blood pressure, exercise stress testing wit
physical examination, resting electrocardiogram, resting blood pressure, exe
þ: abnormal findings; –: normal findings.
Details of the study design are shown in Fig. 1. Details of

abnormal findings in advanced PPS are shown in Table 1.

Patent foramen ovale and aortic root ectasia were the two

common findings.

Discussion
The main results of the present study highlight that the

implementation of the ‘standard’ PPS with an echocar-

diogram showed an increase of about 10% in the detec-

tion of cardiovascular abnormalities not previously

identified. We found that this minority of patients who

have a negative ‘standard’ PPS and therefore would have

not been further investigated showed some form of

abnormal findings by using echocardiography.

Earlier detection of CV abnormalities in asymptomatic

patients, in particular in the young, allows an appropriate

and prompt approach, preventing long-term complica-

tions and possible adverse events, other than influencing

their sport eligibility.11

For instance, the detection of a patent foramen ovale

(22.6% of abnormal findings), clinically silent in the vast

majority of cases but easily documented by using
Patients excluded
(n = 7000)
-      Known CV disease
       (n = 1578)
-     Incomplete medical data
       (n = 1422)
-      Already enrolled in the
       program 
       (n = 4000)

339
screening–
(67.8%)

31+
(9.1%)

Echocardiogram
(advanced PPS)

vascular routine; PPS, personal and family history, physical examination,
h blood pressure monitoring advanced PPS: personal and family history,
rcise stress testing with blood pressure monitoring and echocardiogram



300 Journal of Cardiovascular Medicine 2023, Vol 24 No 5

Table 1 Abnormal findings at echocardiography (nU31) in patients with ‘standard’ PPS negative (nU339)

Type Echocardiographic finding Number of cases (n, %) Mean values of measurements

Congenital PFO 7 (22.6%)
BAV 1 (3.2%)

Right chamber Pulmonary hypertension 1 (3.2%) PASP: 45 mmHg
Vessels Aortic root ectasia 6 (19.3%) Aortic root diameter: 41.7 mm
Valve MVP 7 (22.6%)
Left chamber LA enlargement 4 (12.9%) LA dimension: 38.8 ml/m2

Valve Valvulopathiesa 3 (9.6%) VC: 3.4 mm
Left chamber LV concentric remodeling 1 (3.2%) RWT: 0.44
Valve E/A <1 1 (3.2%)

BAV, bicuspid aortic valve; LA, left atrium; LV, left ventricle; MVP, mitral valve prolapse; PASP, pulmonary artery systolic pressure; PFO, patent foramen ovale; RWT, relative
wall thickness; VC, vena contracta. a Valvulopathies: mitral valve (at least moderate regurgitation, at least mild stenosis), tricuspid valve (at least moderate regurgitation, at
least mild stenosis), aortic valve (at least mild regurgitation, at least mild stenosis), pulmonary valve (at least moderate regurgitation, at least mild stenosis).
ultrasound imaging, allows specific contraindications for

SCUBA diving (echocardiography with bubble con-

trast).25 The prevalence of this cardiac abnormality found

in our cohort is in line with that reported by the European

position paper on the management of patients with

patent foramen ovale (25%).25

Also, thefinding of a bicuspid aortic valvemakes it possible

to investigate the presence of other dangerous conditions

often associated, such as aortic coarctation, progressive

dilation of the bulb and ascending aorta, significant aortic

valve regurgitation and an increased risk of aortic dissec-

tion.26 Although this congenital defect may remain with-

out clinical consequences for a lifetime, it can deteriorate

in aortic valve stenosis and regurgitation and aortic dilata-

tion, which could represent a life-risk for the patient,

other than reasons of noneligibility for sports activity.27

About 22% of negative ‘standard’ PPS patients had

significant valvulopathies, deserving regular monitoring

for the risk of evolution over time, according to the recent

position statement of the European Association of

Preventive Cardiology.28 Indeed, the presence of mitral

valve prolapse, common in our cohort, seems to be related

to an increased risk of SCD, even if a recent report

would question that.29

Other conditions found may be related to a hypertensive

state (such as diastolic dysfunction, left atrium enlarge-

ment, or left ventricle concentric remodeling): the early

detection of organ damage in a hypertensive patient is

important to stratify the CV risk and to provide correct

indications about the appropriate physical exercise to

practice and the therapeutic strategy to adopt.30

Moreover, a PPS echocardiography might be of even

more critical importance in detecting cardiomyopathies

at risk of SCD (hypertrophic, dilated, arrhythmogenic or

left-ventricle noncompaction), coronary artery abnormal-

ities, and other congenital defects (patent ductus arter-

iosus, aortic coarctation)11 that were not detected in our

sample size.

Some studies suggested the inclusion of echocardiogra-

phy in the PPS to detect the most widespread cardiac

abnormalities related to SCD.13,14 Fuller15 pointed out
that a complete echocardiographic study would poten-

tially detect a wide range of structural abnormalities

but could be disadvantageous: diagnostic necessity, time

constraints, and cost-effectiveness are unfavorable rea-

sons for its use.31 Therefore, a focused echocardiogram

could reduce the time and cost needed to run the ex-

am,32,33 and this is a topic well explored in scientific

literature. Lots of authors have analyzed the primary role

of echocardiography during the medical examination

sports screening in terms of early diagnosis against various

abnormalities,34 trying to find different solutions such as

the 5-min screening of Wyman et al.,12 a single echocar-

diography view of Weidenbener et al.,35 or the specific

research of a CV condition of Pelliccia et al.36 Niederseer

et al.37 proposed to include double screening echocardi-

ography in the athlete instead of a yearly seriate use: in

adolescence to rule out structural heart disease, and over

the age of 30 to evaluate abnormal cardiac remodeling to

exercise, cardiomyopathies and wall motion anomalies.

This could represent an interesting solution and a valid

line of research for future studies.

Comparing the advantages of carrying out echocardiogra-

phy at each visit, the cost that this would require and the

severity of the CV abnormalities that we found, we hy-

pothesize that it could be reasonable to perform an ultra-

sound evaluation in the context of the first PPS, limiting

subsequent echocardiographic follow-up to patients with

detected clinical-instrumental alterations. Once a CV

pathology is diagnosed, a multimodality approach, includ-

ing stress echocardiography, cardiac magnetic resonance

and computer tomography, is necessary to better evaluate

the athlete and to consider his sports eligibility.38

Our study has some significant limitations. Firstly, it was

not possible to carry out a cost-effectiveness analysis

because the exams are part of a corporate wellness

program free of charge for the employees. In addition,

the study group is not represented by athletes, but by a

sample of employees of the Ferrari company, with various

levels of physical activity. Furthermore, the composition

of the sample showed a clear male prevalence (80%).

Finally, the echocardiographic examination, even if per-

formed by a highly skilled physician, is very operator-

dependent and requires good manual skill, a training
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period, and echocardiography experience. One of the

main problems of this work was to define precisely what

was abnormal and what was normal and therefore when to

define a ‘positive’ and when ‘negative’ results; to better

define this positivity, we referred to the latest European

guidelines.

Conclusion
Screening echocardiogram could help to detect patients

with CV abnormalities (about 10% more) that might be

undetected with ‘standard’ PPS protocol. A focused

cardiac ultrasound examination may optimize the cost-

effectiveness ratio: early detection of asymptomatic

structural heart conditions could have important prognos-

tic implications, especially in the sports eligibility pro-

cess, thus reducing the risk of SCD.
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