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Sudden cardiac death (SCD) in athletes is a tragic event 
and does not sometimes show symptoms until death. 

This event may take place during competition and train-
ing and even while resting. SCD is defined as death that 
occurs within 1 h after symptom onset in witnessed cases 
and within 24 h after symptom onset in unwitnessed cases. 
In addition, possible causes related to cerebrovascular and 
respiratory events as well as drug use should be eliminated.
[1–3] Athletes are generally described as the healthiest and 
strongest individuals who usually have outstanding physi-

cal success in the society. The unexpected death of an ath-
lete during training or competition has a negative impact 
on not only the family but also the society.[4, 5]

Although the incidence of SCD during a sports activity has 
a wide range, it is accepted as 1/50000 and 1–3/100000 
according to the data obtained from retrospective and 
prospective studies. These rates differ depending on the 
sports activity, ethnicity, and age. The mortality rate is 
higher in the black race, basketball players, and men. These 
mortality rates are generally unpredictable.[6, 7]

Objectives: Sudden cardiac death (SCD) in athletes is tragic and does not sometimes show symptoms until death. This 
event may occur during competition and training and while resting. SCD is defined as death that occurs within 1 h and 
24 h after symptom onset in witnessed and unwitnessed cases, respectively. SCD mortality rates are generally unpre-
dictable. The question as to which parameters should be tested before a sports activity is still debatable. This study was 
conducted to identify the risk groups and draw attention to this delicate subject.
Methods: Children younger than 18 years who presented to our hospital between April 2016 and January 2018, who 
were referred to the Pediatric Cardiology Outpatient Clinic by pediatricians and family physicians to obtain a medical 
certificate before performing sports activities, and whose case report forms were completely filled out in accordance 
with the 12-element American Heart Association (AHA) screening guide were enrolled in this retrospective study. Data 
were evaluated using SPSS 16.0 software.
Results: The study included 974 children. Of them, 661 (67.9%) were male and 313 (32.1%) were female. Their mean 
age was 11.38±3 years, whereas the mean age of female and male participants was 11.6±3 and 11.29±2.99 years, re-
spectively. Among the participants, 83.3% had normal sinus rhythm, 15.8% had sinus arrhythmia, 0.2% had ventricular 
extra beats, and 0.2% had long QT. Four patients had aortic root dilatation. Six patients were deemed unfit for sports.
Conclusion: Consequently, although sports preparticipation evaluation is important in many aspects, how to conduct 
such an evaluation is still controversial. Previous evaluation of an athlete who experienced SCD can be normal, whereas 
an athlete without any health problems may be deemed unfit for sports. Data that will be obtained from future multi-
center studies and postmortem data can provide guidance in creating guidelines.
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The most common causes of sudden cardiac arrest are 
structural and arrhythmogenic heart diseases. The rate of 
proven causes of cardiac origin varies between 52% and 
72% in previous studies. The most common structural heart 
disease is hypertrophic cardiomyopathy (HCM). Abnormal 
origins of the coronary arteries, especially the left coronary 
artery originating from the right sinus of Valsalva, are more 
common.[2]

Efforts were made to determine and implement various 
strategies to reduce unexpected deaths in sports. The most 
important link of this strategy is to identify and disqualify 
candidates of SCD from competitive sports before cardiac 
death occurs. According to the AHA guidelines, athletes 
can only participate in sports activities after providing a 
thorough medical and family history and undergoing a de-
tailed physical examination in the USA. 

In Turkey, a consensus has not been reached yet concerning 
the screenings that should be conducted before participa-
tion in sports activities and the scope of these screenings. 
This study was conducted to identify the risk groups before 
participation in sports and draw attention to this subject.

Methods
Children younger than 18 years who presented to our hos-
pital between April 2016 and January 2018 and were re-
ferred to the Pediatric Cardiology Outpatient Clinic by pedi-
atricians and family physicians in order to obtain a medical 
certificate before undertaking sports activities and whose 
case report forms were completely filled out in accordance 
with the 12-element screening guide of the AHA were en-
rolled in this retrospective study (Table 1). The approval for 
this study was obtained from the Ethics Committee of the 
University of Health Sciences Istanbul Okmeydanı Health 
Practice and Research Center. Case report forms containing 
personal medical history, family history, anthropometric 
characteristics, physical examination, sports history, and 
electrocardiographic (ECG) and echocardiographic infor-
mation were filled out for all patients who were included 
in this study. Patients with incomplete file records and pa-
tients older than 18 years were excluded from the study.

For ECG, records were obtained from DI, DII, DIII, aVR, aVF, 
aVL, and 6 chest leads (V1–6) at a standard speed of 25 
mm/s and 10 mm/mV using the Firstmed ECG-300 device. 
Rate, rhythm, axis, PR interval, QRS amplitude and duration, 
QTc, T wave, and ventricular hypertrophy criteria were eval-
uated from ECG traces. 

Findings of the transthoracic echocardiography (TTE) per-

formed using GE Vivid S5 device by the same experienced 
pediatric cardiologist were obtained from the files. 

Patients with complete case report forms containing per-
sonal medical history, family history, anthropometric charac-
teristics, physical examination, sports history, and ECG and 
TTE information were included in this study. The data ob-
tained in the study were evaluated using SPSS 16.0 software.

Results
The study included 974 children. Of these, 661 (67.9%) were 
male and 313 (32.1%) were female. The mean age of the 
children included in the study was 11.38±3 years, whereas 
the mean age of female and male participants was 11.6±3 
years and 11.29±2.99 years, respectively.

The mean height of the children included in the study was 
148.02±18.2 cm. The mean height of female and male par-
ticipants was 147.09±16.6 cm and 148.47±18.8 cm, respec-
tively. The mean body weight of male and female partici-
pants was 44.68 ±18.03 kg and 44.12± 15.1 kg, respectively.

The mean systolic and diastolic blood pressures of the 
male participants were 106.3±10.18 mmHg and 65.2±8.9 
mmHg, respectively, and the mean systolic and diastolic 
blood pressures of the female participants were 105.75±9.7 
mmHg and 65.10±8.7 mmHg, respectively.

Thirty patients (3.1%) had a pathological finding according 
to the 12-element screening guide of the AHA (Table 1). 
Among these patients, 1 had aortic root dilatation.

Table 1. American Heart Association 12-element screening guide

Personal medical history

1. Chest pain with exercise
2. Unexplained syncope/presyncope
3. Severe dyspnea and fatigue associated with exercise
4. Previously detected murmur
5. High blood pressure

Family History

6. Early mortality associated with cardiovascular disease at an age 
>50 years among the first-degree relatives
7. Cardiovascular disease at an age > 50 years
8. Hypertrophic cardiomyopathy, dilated cardiomyopathy, long QT 
syndrome and other channelopathies, significant arrhythmias, and 
Marfan syndrome

Physical examination

9. Murmur
10. Checking femoral and radial pulses to eliminate coarctation of 
the aorta
11. Sign of Marfan syndrome
12. Brachial artery blood pressure
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Among the participants, 83.3% had normal sinus rhythm, 
15.8% had sinus arrhythmia, 0.2% had ventricular extra 
beats, and 0.2% had long QT (Table 2). Patients who were 
previously diagnosed with long QT syndrome (LQTS) were 
subjected to genetic testing after exercise ECG and 24-hour 
Holter monitoring. A long QT diagnosis was confirmed.

Among the patients who applied for a medical certificate 
before undertaking sports activities, 931 (95.6%) had nor-
mal echo reports based on their echocardiograms. Forty-
three patients had a pathology in their TTE report, while 4 
patients had aortic root dilatation (Table 3).

Of the included patients, 968 (99.4%) were given a medical 
certificate to participate in sports, whereas 6 (0.6%) were 
given a report indicating that sports activities could be un-
desirable for them from the cardiac aspect.

Discussion
It has become highly questionable whether children or 
adolescents are fit for sports activities due to the increasing 
participation in sports activities and increasing incidence 
of SCD in asymptomatic patients. This in turn led to the 
emergence of sports preparticipation evaluation (SPPE).[9–

11] A medical screening is necessary before starting a sports 

activity. However, a consensus on the screening procedure 
has not been reached yet. The main purpose of examina-
tion before participation in sports activities is to reveal 
an underlying and latent cardiovascular abnormality that 
could cause SCD.[12, 13] Despite the undeniable contribu-
tion of ECG and/or TTE evaluations in addition to medical 
history, family history, and physical examination findings, 
i.e., the basis of SPPE, to decrease morbidity and mortal-
ity, costs and false positivity concerns constitute the con-
troversial issues. Therefore, the scope and effectiveness of 
preparticipation cardiovascular evaluation for individuals 
participating in competitive sports have been discussed for 
many years. During the screening of athletes, the presence 
of exercise-related cardiac symptoms and heart murmur 
that could be clinically significant as well as a heart disease 
or unexpected sudden death in the family history raises 
clinical suspicion for many cardiovascular diseases.

The 12-element AHA Recommendations published in 2007 
is an evaluation that consists of 5 questions regarding per-
sonal medical history, 3 questions regarding family history, 
and 4 questions regarding physical examination (Table 2). 
When the answer to 1 question is yes, further tests and re-
search are necessary.[9, 14] The AHA has not included ECG 
screening in this evaluation due to various reasons, unlike 
the European Society of Cardiology. However, the sensi-
tivity of medical history and physical examination was be-
tween 0 and 33% and 60 and 80%, respectively, in patients 
who experienced sudden death and did not previously 
have signs and symptoms according to some studies.[15–18] 
In this study, 2 patients were diagnosed by ECG and 4 pa-
tients were diagnosed by echocardiography. Among our 
patients, only 1 had a pathology according to the 12-ele-
ment evaluation of the AHA. According to this evaluation, 5 
patients could remain undiagnosed or 4 patients would re-
main undiagnosed as the European Society of Cardiology 
uses ECG as a routine procedure.

Adherence to the AHA criteria in obtaining the detailed 
medical history and performing the physical examination 
remains to be another problem. In a study by Madsen et 
al., 53% of healthcare personnel were not aware of the AHA 
criteria. Moreover, only 5.7% of the physicians obtained 
medical history and performed physical examination com-
pletely in accordance with the AHA criteria during athlete 
screenings.[19]

It is estimated that adding ECG to medical history and phys-
ical examination results in at least twofold increase in sen-
sitivity.[20, 21] According to a study by Corrado et al., adding 

Table 2. Electrocardiogram findings in our patients 

  Number (n) Percentage (%)

Normal sinus rhythm 812 83.4
Sinus arrhythmia 154 15.8
Sinus tachycardia 4 0.4
Ventricular extra beat 2 0.2
Long QT syndrome 2 0.2
Total 974 100

Table 3. Echocardiogram findings in our patients

Results  n Percentage
  (%)

Aortic root dilatation 4 0.4
Atrial septal defect (ASD) 3 0.3
Aortic regurgitation 3 0.3
Mitral regurgitation (mild) 13 1.3
Mitral and aortic regurgitation (mild) 2 0.2
Mitral valve prolapse and mitral regurgitation 2 0.2
Mitral regurgitation (mild) and patent 1 0.1
foramen ovale  
Pulmonary stenosis (mild) 1 0.1
Pulmonary hypertension (mild) 1 0.1
Patent foramen ovale 13 1.3
Normal  931 95.6



57EJMI

ECG to medical history and physical examination reduced 
the rate of sudden death by 89% in the Veneto region of 
Italy.[21, 22] Besides the mentioned advantages, adding ECG 
also leads to increased costs, increased rate of false posi-
tivity, and decreased specificity. The fact that physiological 
changes cannot always be easily distinguished from patho-
logical changes is considered another problem. Screenings 
with ECG have a false positivity rate of nearly 10% to 40%, 
and therefore, a large number of tests are conducted.[15, 17, 

22] The exact opposite of this situation is false negativity in 
ECG. Nearly 10% of the patients with HCM may not have 
any signs in ECG.[23] According to a study by Pelliccia et al., 
nearly half of the athletes who had serious cardiac prob-
lems did not show any signs in ECG.[24]

Corrected QT (QTc) interval ≥480 ms and detection of LQTS 
mutation or QTc interval ≥460 ms in patients with unex-
plained syncope in which long QT cannot be explained by 
any other reason is defined as LQTS. The mean age of pa-
tients presenting to the hospital with LQTS is approximately 
14 years. Annual mortality rates vary between 0.33% and 
0.9%. It is recommended to avoid drugs that prolong the 
QT interval, correct electrolyte disturbances, and avoid spe-
cific triggers such as swimming for patients with LQTS.[25, 

26] Among the patients we diagnosed, 2 patients were ap-
plying for the medical certificate to become professional 
licensed soccer players, wherein they were not allowed to 
play sports after obtaining the approval of their families.

The European Society of Cardiology 2015 guidelines on 
sudden death and AHA 2015 guidelines on athletes with 
cardiovascular abnormalities recommend that athletes 
with symptomatic LQTS should refrain from competitive 
sports. The same guidelines recommend that athletes with 
asymptomatic phenotype and negative genotype can be 
considered to continue playing sports as long as they avoid 
drugs that prolong the QT interval; avoid electrolyte imbal-
ance, dehydration, and hyperthermia; and keep a personal 
external defibrillator and provided that the teams devise 
the emergency plans.[27, 28]

Echocardiography that will be performed in case of a clin-
ical requirement before participation in sports is a very 
important diagnostic tool, especially in the clinical inves-
tigation of left ventricular (LV) hypertrophy.[13] Echocardio-
graphy facilitates the diagnosis of conditions that can lead 
to sudden death in young athletes such as valvular heart 
diseases (mitral valve prolapse, aortic valve stenosis), aor-
tic root dilatation seen in Marfan syndrome and related 
syndromes, and LV dysfunction and/or hypertrophy asso-

ciated with dilated cardiomyopathy or myocarditis. In our 
study, 4 patients were not allowed to participate in sports 
activities as they were diagnosed with aortic root dilatation 
with this diagnostic tool. 

SPPEs should be considered as an opportunity for follow-
up of an athlete and for conducting certain screenings. 
Identified risk factors (hypercholesterolemia, hypertension, 
anemia, etc.) may create awareness in family members be-
sides protecting the athlete by means of taking the neces-
sary precautions.

Consequently, although SPPE is important from many as-
pects, how to conduct such an evaluation is still debatable 
globally and in Turkey. Previous evaluation of an athlete 
who experienced SCD can be normal, and an athlete with-
out any health problems may not be deemed fit for sports, 
either. Data that will be obtained from future multicenter 
studies as well as postmortem data can provide guidance 
in creating guidelines. Apart from all these studies, it is of 
utmost importance to design sports fields in a manner to 
enable all sorts of first aid applications.
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