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ABSTRACT

Objectives: To analyze the results of pre-participation tests applied to soccer players from a professional
club, aiming to compare the cardiographic findings with the literature and encourage the development of
new strategies for the prevention of sudden death. Methods: We used a sample group of 110 male soccer
players. Stages of the study: 1) collection of data from the pre-participation tests (cardiac history, electrocar-
diogram, exercise test and echocardiogram) using a form covering three years (2015 to 2017); 2) tabulation
of data using Word and Excel Office 2010 software; 3) comparison with the literature. Results: Of the athletes
studied, 55.5% had sinus bradycardia and 14.5% had ventricular repolarization abnormalities, 33.3% showed
evidence of minimal tricuspid regurgitation, and 45.7% had physiological pulmonary regurgitation. The
echocardiogram presented some interesting data when compared to the adult non-athlete population. In
the ergometric test, 53.6% of the athletes reached the maximum stage and 46.4% discontinued the test due
to physical fatigue. Regarding arrhythmias, in 21.8% of the patients we observed rare isolated ventricular
extrasystoles and in 8.2% rare isolated supraventricular extrasystoles. Conclusion: The findings corroborate
data from the literature on exercise and sports cardiology, since they mainly represent physiological adapta-
tions of the athlete’s heart. The sports physician is responsible for monitoring athletes to prevent sudden
death. Level of Evidence Ii; Retrospective study.

Keywords: Soccer; Sports medicine; Cardiology; Sudden cardiac death.

RESUMO

Objetivos: Analisar os resultados dos exames de pré-participagéo dos atletas de um clube de futebol profis-
sional, visando confrontar os achados cardiogrdficos com a literatura e incentivar o desenvolvimento de novas
estratégias para a preven¢do da morte stbita. Método: Utilizamos uma amostra com 110 atletas, jogadores de
futebol do sexo masculino. Etapas do estudo: 1) coleta de dados dos exames de pré-participacdo (anamnese
cardioldgica, eletrocardiograma, teste ergométrico e ecocardiograma), através de formuldrio, em um periodo de
trés anos (2015 a 2017); 2) tabulagdo dos dados utilizando os softwares Word e Excel Office 2010; 3) confrontagdo
com aliteratura. Resultados: Dos atletas estudados, 55,5% apresentaram bradicardia sinusal e 14,5% alteragdo na
repolarizacdo ventricular, 33,3% evidenciaram refluxo trictispide minimo e 45,7% apresentaram refluxo pulmonar
fisiolégico. O ecocardiograma apresentou alguns dados interessantes quando comparados a populag¢do adulta
ndo atleta. No teste ergométrico, atingiram o estdgio mdximo 53,6% dos atletas e 46,4% interromperam o teste
por cansaco fisico. Em relagdo as arritmias, em 21,8% observaram-se extrassistoles ventriculares isoladas e raras e
em 8,2% extrassistoles supraventriculares isoladas e raras. Conclusées: Os achados reforcam os dados da literatura
de cardiologia do exercicio e esporte, pois, representam, em sua maioria, adaptagées fisiolégicas do coracdo do
atleta. Cabe ao médico do esporte o acompanhamento clinico dos atletas, visando preven¢do da morte subita.
Nivel de Evidéncia II; Estudo retrospectivo.

Descritores: Futebol; Medicina esportiva; Cardiologia; Morte stbita cardiaca.

RESUMEN

Objetivos: Analizar los resultados de los exdmenes de pre participacion de los atletas de un club de fatbol pro-
fesional, con el fin de confrontar los hallazgos cardiogrdficos con la literatura e incentivar el desarrollo de nuevas
estrategias para la prevencion de la muerte subita. Método: Utilizamos una muestra de 110 atletas, jugadores de
fatbol del sexo masculino. Etapas del estudio: 1) colecta de datos de estos exdmenes de pre participacién (anamnesis
cardiaca, electrocardiograma, test ergométrico y ecocardiograma), a través de formulario, en un periodo de tres afios
(2015 a 2017); 2) tabulacién de los datos utilizando los softwares Word y Excel Office 2010; 3) confrontacidn con la
literatura. Resultados: De los atletas estudiados, 55,5% presentaron bradicardia sinusal y 14,5% alteracion en la repo-
larizacion ventricular, 33,3% evidencid reflujo trictspide minimo y 45,7% presentaron reflujo pulmonar fisiolégico. El
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ecocardiograma presentd algunos datos interesantes cuando comparados a la poblacién adulta no atleta. En el test
ergomeétrico, alcanzaron la etapa mdxima 53,6% de los atletas y 46,4% interrumpicé la prueba por cansancio fisico.
Con cuanto a las arritmias, en 21,8% se observaron extrasistoles ventriculares aisladas y raras, y en 8,2% extrasistoles
supraventriculares aisladas y raras. Conclusién: Los hallazgos refuerzan los datos de la literatura de cardiologia
del gjercicio y deporte, pues representan en su mayoria, adaptaciones fisiolégicas del corazén del atleta. Cabe al
médico del deporte el acompariamiento clinico de los atletas buscando la prevencién de la muerte stbita. Nivel de

Evidencia Il; Estudio retrospectivo.

Descriptores: Fiitbol; Medicina deportiva; Cardiologia; Muerte stbita cardiaca.
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INTRODUCTION

Football is the most popular sport in the world, practiced by 400
million people, 30 million of which in Brazil.'? Since it is an activity
characterized by more dynamic (isotonic) periods and few isometric
(static) periods, as well as an aerobic and anaerobic metabolism, football
played in the field promotes physiological adaptations in the athlete’s
body throughout its practice.?

These changes are manifested in concentric cardiac hypertrophy,
caused by periods of isometric and anaerobic exercise, as well as the
development of eccentric cardiac hypertrophy due to periods of isotonic
and aerobic exercise. As such, the heart of the football athlete increases
in diameter in the atrial and/or ventricular cavities, as does the thickness
of the heart wall*”

The association between unsuspected cardiovascular diseases and
sudden cardiac death in athletes is no mere coincidence. The probability
increases with the performance of competitive sports and the rates reach
up to 90% of the occurrences of deaths during trainings or competitions 58

Pathophysiologically, the triggering mechanisms of sudden death
are:immediate and significant reduction in cardiac output secondary to
myocardial ischemia, onset of lethal arrhythmias and reduced cerebral
blood flow resulting in loss of consciousness.’

After the death of a football player during the start of the Brazilian
Championship of 2004, more studies related to the subject have been
published in Brazil. In 2005, the Brazilian Society of Sports and Exercise
Medicine (Sociedade Brasileira do Exercicio e do Esporte, SBMEE) defined
the concept of sudden cardiac death as ‘death that occurs unexpectedly,
whether instantaneously or not, or death that occurs within a period of
610 24 hours after the practice of physical activity and sport by athletes’,
and the society suggested a pre-participation assessment. This propo-
sal is in alignment with international protocols, such as European and
American ones 81!

The guideline recommends a clinical pre-participation assessment
based on an anamnesis, evaluating the subject’s medical history, fa-
mily history of heart disease and/or premature sudden deaths, social
history and life habits, in addition to laboratory exams: Hemoglobin
electrophoresis, VDRL/FTA-Abs, Chagas disease blood test, resting ECG,
exercise stress test, cardiopulmonary exercise test or ergo-spirometry
and echocardiogram.’

The objective of this study was to analyze the results of the pre-
-participation examinations of professional football athletes in order to
confront the most prevalent findings with the literature and encourage
the development of new strategies for the prevention of sudden death.

MATERIALS AND METHODS

This study is retrospective in nature and is characterized as a quanti-
tative research based on the gathering and treatment of epidemiological
data on prevalence and confrontation with the current literature. It fo-
cused on analyzing the results of the reports of the cardiologic exams of
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the pre-participation assessments of football athletes from a professional
football club, falling within the field of cardiology applied to exercise and
sports medicine, with the objective of identifying prevalent alterations.
We obtained the approval of the Ethics and Research Committee (CEP)
under report no. 2,097,005 and the same committee exempted the
requirement of signing the informed consent form.

The study was developed in three stages: the first stage was cha-
racterized by gathering the data that can be found in the charts and
reports of the cardiologic pre-participation exams of the professional
football club performed in a Heart Institute of the private health care
network, within a period of three years (2015 to 2017). All athletes were
men between 17 and 37 years of age. The inclusion criteria were: (1) Play
or have played for the professional football club in the period from 2015
to 2017, and (2) have participated in the pre-participation assessment
before official competitions in the described period. The identification
was done with the use of initials to preserve the identity of the athlete.

We collected the data with a collection form (Appendix 1A and
1B), which had a total of four pages. The first page of the form was
used to gather the data from the athletes'medical records. The second
page was used to collect data related to the echocardiogram. The third
page referred to the exercise stress test and the fourth and last page
interpreted the results of the electrocardiogram.

In the second stage, we tabulated the data gathered in the forms
using the Office Word and Excel 2010 software in order to separate the
information of interest found, i.e. the more prevalent findings of the
exams, and, in principle, to use simple statistics to obtain their percentage
in relation to the total number of exams without changes in each class
(electrocardiogram, echocardiogram or exercise stress test).

Inthe third and last stage, the data found in our study was confronted
with the most recent literature so as to see if our findings corroborate
or contradict the findings of other studies.

RESULTS

We evaluated the pre-participation examinations of 110 athletes
from a professional football club, with all athletes being of the male
sex. The mean age was 23.2 years (standard deviation = 4.72), with the
youngest athlete being 17 years old and the oldest 37.

The athletes could be subdivided into four main categories regarding
the positions they played: 11 goalkeepers (10%), 32 defenders (29.1%),
36 midfielders (32.7%) and 29 forwards (26.4%). We were not able to
identify the positions of two athletes (1.8%).

Cardiologic anamnesis and physical examination

A specific anamnesis was performed in the 110 athletes prior to the
pre-participation examinations, as is usual for the performance of cardiolo-
gical examinations. In this anamnesis, 107 athletes (97.3%) had an asymp-
tomatic cardiovascular condition, one athlete (0.9%) reported a history of
atypical chest pain, but denied having palpitations or syncope, one athlete
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(0.9%) stated having a history of cardiac murmur, and one athlete (0.9%)
had a prior history of atrioventricular block. All athletes denied: smoking,
alcoholism, a personal history of systemic hypertension and dyslipidemia.
Only two athletes (1.8%) reported having family members with diabetes
mellitus, a father and grandfather, respectively. All footballers denied having
a family history of congestive heart failure and stroke, and four athletes
(3.6%) reported a family history of acute myocardial infarction: two of a
grandmother of 48 and 50 years, respectively, and one uncle of 33 years
and a father of 58 years with fulminating heart attacks.

In the physical examination, the lowest and highest resting heart rate
values measured were 43 and 91 bpm, respectively, with the mean being
58.4 bpm (standard deviation = 10). The mean systolic blood pressure
was 122 mmHg (standard deviation = 7.83) and the mean diastolic blood
pressure was 77.7 mmHg (standard deviation = 4.60), with 57 athletes
(51.8%) having a blood pressure of 120x80 mmHg. The other data from
the physical examination (referring to sinus bradycardia and BP above
normality) are shown in Table 1.

Electrocardiogram

The athletes were submitted to an electrocardiographic evaluation,
the results of which are summarized in Table 2. One athlete described a
history of prior atrioventricular block during the anamnesis, but nothing
was detected in the electrocardiogram.

Echocardiogram

The echocardiogram was performed in only 81 athletes, the other
athletes did not take it because in 2015 the Medical Department only
recommended these examinations for athletes with observed changes
in the electrocardiogram and/or a positive family history for cardio-
vascular events. For these athletes, we found a mean age of 23.0 years
(standard deviation = 4.98), with the youngest athlete being 17 years
old and the oldest 37.

The mean size of the posterior wall of the left ventricle in 81 athletes
was 0.88 cm (standard deviation = 0.12), the mean diastolic diameter was
5.1 cm (standard deviation = 0.35), the mean systolic diameter was 3.3 cm
(standard deviation = 0.17), the mean ejection fraction (monoplane) was
0.64 (standard deviation = 0.05) and the mean thickness/volume ratio was
0.35 (standard deviation = 0.06). Other data of interest can be seen in Table 3.

Exercise stress test

the stress test was performed with the Ellestad protocol as reference.'?
Table 4 shows the results found.

Table 1. Findings of the physical examination.

Condition No. of athletes |Percentage of the
(N=110) sample
Sinus bradycardia 61 55.5%
Blood pressure above normal values
(suggesting the hypothesis of a systolic 1 0.9%
hypertension diagnosis)
Table 2. Electrocardiogram findings.
No. of
Condition athletes P:lr‘cee:at;g;:f
(N=110)
Change in ventricular repolarization 16 14.5%
Conduction disturbance in the right branch 5 4.5%
First-degree atrioventricular block 3 2.7%
Early repolarization pattern 2 1.8%
Isolated ventricular extrasystoles 1 0.9%
Isolated supraventricular extrasystoles 1 0.9%
Anterosuperior left hemi-block 1 0.9%
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Table 3. Echocardiogram findings.

Condition No. of athletes | Percentage of
(N=81) the sample
Mild concentric hypertrophy 1 1.2%
Mitral Yalve vvlth minimum 9 111%
superior systolic motion
Turbulent systolic flow in the proximal third
of the left atrium in the mitral Doppler,
. P . 2 2.5%
characterizing mild mitral insufficiency
M{n\mgm trvlcusp\d regurgltatlon 57 333%
(physiological) in the tricuspid Doppler.
Pu\mohary regurgitation (physiological) 37 45.7%
in the pulmonary Doppler

Table 4. Exercise stress test findings
Ellestad protocol

No. of athletes | Percentage of

Conditi
ondition (N=110) the sample
h 7 of th I i
reached stagg of the protgco (maxmum’ 59 53.6%
stage). concluding the test without chest pain
Interrupted the test in stage 6 without chest pain 41 37.3%
Interrupted the test in stage 5 without chest pain 10 9.1%
Arrhythmias
- No. of athletes | Percentage of
Condition (N=110) the sample
isolated and rare ventricular extrasystoles 24 21.8%
Isolated and rare supraventricular extrasystoles 9 8.2%
Isolated and'rare ventricular and 1 0.9%
supraventricular extrasystoles
Absence of arrhythmias 76 69.1%

DISCUSSION

Studies inthe field of exercise and sports medicine have shown that several
factors can contribute to morpho-functional cardiac changes, such as sex, age,
ethnicity and the sports modality practiced. The great challenge is that these
changes that characterize the so-called"Athlete’s Heart”can mimic the changes
found in some heart diseases, including hypertrophic cardiomyopathy, which
is a risk factor for the occurrence of sudden death in athletes.'®'3

In a survey on the internet of global journalistic data related to hear-
t-related sudden deaths in football players during games or trainings,
spanning a period of 111 years (1906 - January 2017), we found 65 records
of sudden death in a total of 119 records of death, which represents
54.6% of the cases. Of these, 56.9% were due to acute myocardial infarc-
tion (AMI), 38.5% due to cardiorespiratory arrest (CA) and 4.6% due to
complications arising from hypertrophic cardiomyopathy. In total, eight
cases occurred in Brazil, four of which due to AMI and four due to CA.

Sudden cardiac death in athletes occurs in a wide age range, going from
younger athletes to athletes with little more than 35 years of age. Below
35 years of age, the most frequent causes are congenital heart disease,
of which hypertrophic cardiomyopathy and the anomalous origin of the
left coronary artery are the most prevalent. Over 35 years of age, coronary
artery disease (CAD) is the most common cause.> 113 |n this study, the
athletes'age ranged from 17 to 37 years, coinciding with the cited age range.

The report of atypical chest pain confirmed as benign after a tho-
rough anamnesis of an athlete leads us to agree with Rich,'® who stated
that atypical chest pains in athletes are often the result of a discom-
fort in the chest wall or of costochondritis. We also agree with Giese
et.al,'”who claim that in some cases the chest pain in athletes may be
a manifestation of stress-induced asthma.

The history of cardiac murmur reported by one 18-year-old athlete
corroborates Wassersten and Teixeira?®, who stated that innocent mur-
murs are frequent in young athletes, lean individuals, and especially in
children. Most of the time these murmurs are mesosystolic, of short
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duration, and may increase in intensity in the supine position and decrease
while sitting and/or performing maneuvers that limit the venous return.

We support what was described in the study of Siebra et. al,,'” who
state that the presence of chronic diseases like diabetes is a risk factor for
the development of atherosclerotic disease of the coronary artery (the main
cause of sudden death in individuals over 35 years), and the prevention of the
development of these diseases, which has a considerable genetic component,
is therefore paramount in athletes. Regarding the investigation of the family
history of heart disease, we cite the studies of Maron et.al® and Otsukaet. al,?!
who respectively demonstrated that hypertrophic cardiomyopathy (HCM)
isa common hereditary cardiac pathology with a prevalence of 0.2% in the
general population (1:500 individuals) and that more than half of individuals
with HCM have a family history of the disease or sudden death, with the
remaining cases being attributed to spontaneous mutations.

We agree with what Chaitman and Fromer?? and Maron? described
in their studies regarding athlete’s heart syndrome, which includes
clinical, electrocardiographic and echocardiographic alterations, such
as sinus bradycardia and myocardial hypertrophy. These changes are
secondary to prolonged and regular practice of physical exercise and
reveal the adaptation of the cardiovascular system to metabolic and
hemodynamic changes that are induced by effort and are meant to
increase the efficiency of the cardiovascular function. In most cases, the
values remain within the limits of normality. Regarding this claim, our
findings corroborate those of the authors, since in a considerable part
of the athletes, the hearts had cavity volumes at the upper limit of nor-
mality, which is compatible with adaptive changes of the athlete’s heart.

We agree with the studies by Corrado et. al.?#, Maron and Pelliccia®
and Topol et. al,?* who demonstrated that during the practice of sports,
an athlete’s cardiac output is superior to the non-athlete individual.
However, when in rest, these values are similar in both groups. Since
changes occur in the autonomous nervous system resulting from the
adaptations of the athlete’s heart, it is common to find sinus bradycardia
(defined as a rate lower than 60 bpm that may reach 25 bpm) in athletes,
as was found in over half of the athletes in our study. The studies also
describe atrioventricular conduction delays caused by increased pa-
rasympathetic tone and decreased sympathetic tone, which justifies our
finding of conduction disturbances in the right branch in five athletes.

Our findings of changes in the ventricular repolarization and early re-
polarization pattern are in accordance with those reported by Topol et. al,
who associate most repolarization abnormalities with the practice of isotonic
exercises (such as football), suggesting that these alterations shouldn’t be
considered as electrocardiographic changes. In addition, the authors argue
that many alterations in the electrocardiogram of the athlete, such as the
changes in the ST segment and sinus arrhythmia, may be present in young,
non-athlete and healthy individual and that the occurrence of a physiological
remodeling is not necessary for these traces to arise in these individuals.

The presence of first-degree atrioventricular block and Wenckebach
periods in our study is in alignment with what was described by Corrado
et. al,”* who demonstrated the presence of first-degree atrioventricular
blockin approximately 35% of the athletes and Wenckeback-type atrio-
ventricular block in approximately 10% of the athletes. The presence of
hemiblocks is also common in athletes.

In the echocardiogram, a mild concentric left ventricular hypertro-
phy was found in one athlete, which according to Ghorayeb et. al.” is a
common adaptive and purely physiological process of an athlete’s heart.

The findings of a minimum superior systolic motion of the mitral
valve, turbulent systolic flow in the proximal third of the left atrium cha-
racterizing mild mitral insufficiency, minimum tricuspid requrgitation and
physiological pulmonary regurgitation, are all alterations resulting from
small blood regurgitations that occur through the heart valves, and these
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are often present not only in athletes, but also in the adult, non-athlete
population. According to Ghorayeb et. al.”, when these regurgitations
are physiological in nature, they do not preclude the practice of sports,
and the absence of signs and symptoms in the affected athletes would
indicate this sanctioning of sports practice.

The mean size of the posterior wall of the left ventricle was 0.88 cm,
slightly above the mean of 0.87 for the Brazilian asymptomatic adult male
population described in the study by Angelo et. al.” The mean diastolic
diameter and the mean systolic diameter found in our study were 5.1 and
3.3 cm, respectively. These values are higher than the means found in the
study by Angelo et. al.”’ for Brazilian, asymptomatic, non-athlete men, which
was 4.99 cm for the diastolic diameter and 2.99 cm for the systolic diameter.

The assessment of the left ventricular systolic function can be done
through the ejection fraction. The mean ejection fraction (monoplane) in our
study was 0.64, or 64%, close to the value of 0.6, or 60%, found by Cabanelas
etal®in 27 football players with a mean age of 24.7 years (near the mean of
our study of 23.2 years) in the echocardiographic pre-season examination.

Based on the studies by Ferreira Filho? and Armstrong et al,** we
believe that the greater the thickness/volume ratio (values greater than
or equal to 0.45), the greater is the left ventricular wall thickness in re-
lation to the systolic volume (concentric hypertrophy - increase of the
sarcomeres in parallel), and the lower the value of this ratio (values less
than or equal to 0.45), the higher the systolic volume in relation to the
thickness of the left ventricular wall (eccentric hypertrophy - increase of
sarcomeres in series). The mean value of the thickness/volume ratio of
0.35found in our study, therefore, is suggestive of eccentric hypertrophy.

The presence of arrhythmias (isolated and rare ventricular and/
or supraventricular extrasystoles) is in agreement with the findings
described by Ghorayeb et. al,> who associated them to an increase in
the sympathetic autonomic modulation imposed by graded exercise,
which therefore are non-pathological changes when it comes to athletes.

The exercise stress test is important in the evaluation of physical
capacity and we agree with Ghorayeb et. al.”” that a weak capacity for
exercise indicates a poor prognosis, which was not shown in our study
since all the athletes completed more than half of the evaluation stages.

CONCLUSIONS

The findings corroborate the data from the exercise and sports
cardiology literature, since they mostly represent physiological adap-
tations of the athlete’s heart. It is up to the sports physician to perform
the clinical follow-up of athletes through pre-participation examinations
associated with an anamnesis and physical examination. The results of
these examinations allow the physician to carefully assess the condition
of the athlete and give guidance regarding appropriate behaviors that
seek to prevent sudden death based on a clinical follow-up of the athlete.
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Appendix 1A.

Data collection form - Cardiological anamnesis
Study: “Prevalence of cardiographical findings in pre-participantion evalutions of a professional football club.”

Name Initials

Age

Weight

Height

Position you play in
Year of Consultation

Habits

Personal background
Family History
Complementary exams
Physical exam
Diagnostic hypothesis

Main complaint and history Conduct

Medications in Use

Comments

Data collection form - Echocardiogram

Study: “Prevalence of cardiographical findings in pre-participantion evalutions of a professional football club.”

Diameters and Left Ventricular Systolic Function Right ventricle

Descriptions of the Left Ventricle
Segment Shrinkage

Evaluation of Left Ventricular Diastolic Function

Left Atrium and Mitral valve
Aortic valve

Aorta

Right atrium

Lower Cava vein

Tricuspid valve
Pulmonary valve
Pericardium
Doppler Mitral
Aortic Doppler
Tricuspid Doppler
Pulmonary Doppler
Conclusions

Appendix 1B.

Data collection form - Ergometric test

Study: “Prevalence of cardiographical findings in pre-participantion evalutions of a professional football club.”

Test indication
Complaints

Medicines

Risk factors

Physical activity
Physical exam

Basal electrocardiogram
Predicted heart rate

Ellestad Protocol

Stage

Recovery
Electrocardiographic changes
Arrhythmias

Behavior of PA

Comments

Conclusions

Data collection form - Electrocardiogram

Study: “Prevalence of cardiographical findings in pre-participantion evalutions of a professional football club.”
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