
Rece�ved / Gel�ş: 26.09.2023 · Accepted / Kabul: 25.10.2023 · Publ�shed / Yayın Tar�h�: 21.05.2023

Correspondence / Yazışma: Gökhan Büyüklüoğlu · SBU. Gülhane Eğ�t�m ve Araştırma Hastanes�, Spor Hek�ml�ğ� Bölümü, Ankara, Türk�ye · gokhanbuyukluoglu@gma�l.com

C�te th�s art�cle as: Buyukluoglu G, Ercan S, Ozer F, Orscelik A. Can standardized criteria enhance the accuracy of the interpretation of ECGs in pre-participation screening?
Turk J Sports Med. 2024;59(2):56-9; https://doi.org/10.47447/tjsm.0822

Th�s �s an open access art�cle under the terms of the Creat�ve Commons Attr�but�on-NonCommerc�al L�cense, wh�ch perm�ts use, d�str�but�on and reproduct�on �n any
med�um, prov�ded the or�g�nal work �s properly c�ted and �s not used for commerc�al purposes (http://creat�vecommons.org/l�censes/by-nc/4.0/).

Spor Hek�ml�ğ� Derg�s�, 59(2):56-59; 2024 
Turk�sh Journal of Sports Med�c�ne 

Turk J Sports Med. DOI: 10.47447/tjsm.0822

Research Ar t �c le  /  Araşt ırma Makales�

Can standard�zed cr�ter�a enhance the accuracy of the �nterpretat�on of ECGs �n pre-
part�c�pat�on screen�ng?

Spora katılım muayeneler�nde standard�ze ed�lm�ş kr�terler�n kullanılması EKG'ler�n doğru
yorumlanma oranını artırab�l�r m�?
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ABSTRACT

Object�ve: Sudden cardiac death during sports is a relatively uncommon but impactful phenomenon. Athletes frequently do not show symptoms and
SCD is the first sign. The two primary approaches are pre-participation examination and broadening the use of automated external defibrillators to
decrease the occurrence of this deleterious event. A critical aspect of this exam involves assessing the resting 12-lead ECG. Evaluation of ECGs in
deciding for eligibility of athletes is crucial. This study assesses the impact of "abnormal ECG criteria in athletes" on the ECG interpretation by sports
medicine residents in Türkiye.
Mater�als and Methods: A cross-sectional study was conducted by sending an online questionnaire to sports medicine residents in Türkiye. It was de‐
signed so that the same 40 ECGs were evaluated twice by the same residents. Abnormal ECG Criteria file has been delivered to participants after the
initial evaluation and they were asked to assess the same 40 ECGs based on these criteria for the second evaluation.
Results: Twenty-six participants completed both parts of the questionnaire. The median score of the before one-shot education session was 30.00,
with minimum and maximum scores of 18 and 35, respectively. The median score of the after one-shot education session was 31.00, with minimum
and maximum scores of 26 and 37, respectively. There was a significant increase in the total score after one-shot education session, based on the
Wilcoxon signed rank test (p=0.035).
Conclus�on: Relying on the standardized criteria for ECG evaluation during pre-participation examination significantly improved the interpretations of
sports medicine residents.

Keywords: ECG, sudden cardiac death, athletes, one-shot education

ÖZ

Amaç: Sporda ani kardiyak ölüm görece nadir görülen bir durumdur ancak toplumsal etkisi büyüktür. Sporcular genellikle semptom göstermezler ve
ani kardiyak ölüm ilk bulgudur. Bu klinik durumu azaltmak için, spora katılım öncesi muayene ve otomatik eksternal defibrilatör kullanımının yaygınlaştı‐
rılması iki ana stratejidir. Bu muayenenin önemli bir parçası 12 derivasyonlu dinlenim EKG'nin değerlendirilmesidir. Bu EKG'lerin spora katılım için uy‐
gunluk açısından doğru değerlendirilmesi büyük önem taşımaktadır. Bu çalışmanın amacı, "sporcularda anormal EKG kriterleri"nin Türkiye'deki spor
hekimliği asistanlarının EKG yorumlama doğruluğu üzerindeki etkisini değerlendirmektir.
Gereç ve Yöntem: Kesitsel bir çalışmadır. Türkiye'deki spor hekimliği asistanlarına çevrimiçi bir anket gönderilerek kesitsel bir araştırma yapılmıştır. Ça‐
lışma, aynı 40 EKG'nin aynı asistanlar tarafından iki kez değerlendirileceği şekilde tasarlanmıştır. İlk değerlendirmeden sonra katılımcılara “Anormal EKG
Kriterleri” dosyası gönderilmiş ve aynı 40 EKG'yi bu kriterlere göre tekrar değerlendirmeleri istenmiştir.
Bulgular: Yirmi altı katılımcı testin her iki bölümünü de tamamladı. Tek oturumluk eğitimden önce ortanca puan 30.00, minimum ve maksimum puanlar
sırasıyla 18 ve 35 idi. Tek oturumluk eğitimden sonra ortanca puan 31.00, minimum ve maksimum puanlar sırasıyla 26 ve 37 olarak saptanmıştır. Wil‐
coxon testi ile incelendiğinde, tek oturumluk eğitimden sonra toplam puanda istatistiksel olarak anlamlı bir artış gözlenmiştir (p=0.035).
Sonuç: Spora katılım öncesi muayenede standardize edilmiş kriterlerin kullanılması spor hekimliği asistanlarının EKG'leri daha doğru yorumlamalarını
sağlamıştır.
Anahtar Sözcükler: EKG, ani kardiyak ölüm, sporcular, tek oturumluk eğitim

INTRODUCTION
Sudden card�ac death (SCD) �n athletes �s a devastat�ng and
�nfrequent phenomenon. Nevertheless, �t has garnered s�g-

n�f�cant attent�on due to �ts publ�c�ty (1,2). Th�s phenome-
non usually a�ects young, seem�ngly healthy athletes who
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su�er a sudden and unexpected card�ac event lead�ng to
the�r death (3). Although these �nc�dents are uncommon,
they have a s�gn�f�cant �n�uence on the athlet�c fratern�ty
and pose pert�nent quest�ons about the well-be�ng and sa-
fety of athletes. There are a number of potent�al factors that
can cause SCD �n athletes, w�th card�ovascular d�seases be-
�ng the most prevalent. These d�seases �nclude hypertrop-
h�c card�omyopathy (HCM), arrhythmogen�c r�ght ventr�cu-
lar card�omyopathy (ARVC), congen�tal coronary artery
anomal�es, commot�o cord�s, long QT syndrome, Marfan
syndrome, and drug use (4-6). Pre-part�c�pat�on screen�ng,
educat�on, and emergency preparedness are recommended
to prevent SCD �n athletes. Athletes should rece�ve an ex-
tens�ve med�cal exam�nat�on, �nclud�ng card�ac screen�ng,
to detect any pre-ex�st�ng card�ac cond�t�ons that may be
hazardous. It �s �mportant to prov�de knowledge about the
�nd�cat�ons and man�festat�ons of poss�ble card�ac prob-
lems for coaches, athletes and the�r relat�ves, as well as the
necessary emergency a�d tact�cs. Pol�c�es aga�nst the use of
performance-enhanc�ng drugs should be �mplemented. It �s
essent�al that athletes undergo per�od�c med�cal exam�nat�-
ons to mon�tor the�r health over the course of the�r careers
(2,7,8).

The electrocard�ogram (ECG) of an athlete may d��er from
that of a sedentary �nd�v�dual because of the phys�olog�cal
adaptat�ons �n response to regular, �ntense exerc�se. Such
var�at�ons are frequent �n athletes who undergo regular st-
renuous phys�cal act�v�ty. An athlete's ECG commonly sho-
ws bradycard�a, �ncreased heart s�ze, s�nus arrhythm�as,
junct�onal rhythms, T-wave changes, sl�ghtly prolonged QT
�nterval, and �ncreased voltage of I, II, III, aVL, aVF, and
aVR (4). Wh�le �t's true that ECG f�nd�ngs are frequently fo-
und �n athletes, the�r �nterpretat�on should only be done
w�th the �nd�v�dual's med�cal h�story and phys�cal cond�t�-
on �n m�nd. Thus, any abnormal results must be assessed
by a med�cal profess�onal to rule out underly�ng card�ac
problems. To ensure the�r heart health and safety dur�ng
�ntense phys�cal act�v�ty, athletes must undergo regular car-
d�ac screen�ng (9).

The European Soc�ety of Card�ology (ESC) and the Interna-
t�onal Olymp�c Comm�ttee (IOC) adv�se conduct�ng a res-
t�ng ECG for rout�ne pre-part�c�pat�on screen�ng. It �s hence
cruc�al for phys�c�ans to accurately �nterpret the ECG to
avert SCD �n sports. The cr�ter�a prev�ously used by Drezner
et al., based on the "Recommendat�ons for �nterpretat�on of
12-lead ECG �n the athlete" by Corrado et al., were used to
standard�ze assessments �n sports med�c�ne outpat�ent cl�-
n�cs �n Türk�ye (10,11). Th�s study a�ms to assess how "ab-
normal ECG cr�ter�a �n athletes" a�ect the prec�s�on of ECG
�nterpretat�on performed by sports med�c�ne res�dents �n
Türk�ye.

MATERIAL and METHODS

Research des�gn and study populat�on

Th�s �s a cross-sect�onal study that cons�sts of a one-shot
educat�on sess�on. The study was approved by the Cl�n�cal
Research Eth�cs Comm�ttee of Süleyman Dem�rel Un�vers�ty
Med�cal Faculty (date: 31/01/2023 and number: 2/27). Infor-
med consent was obta�ned from the part�c�pants. The study
populat�on cons�sted of sports med�c�ne res�dents �n
Türk�ye.

Methodolog�cal deta�ls of the study

An onl�ne survey was conducted us�ng the Google Forms
web des�gn tool and sent out to sports med�c�ne res�dents
�n Türk�ye. A�er agree�ng to part�c�pate �n the study, the re-
s�dents completed the survey, wh�ch compr�sed of two
parts. It cons�sted of a set of 40 ECG �mages, w�th each cor-
rect response earn�ng one po�nt. The h�ghest score atta-
�nable was 40 po�nts. Part�c�pants were asked to class�fy
the ECG shown �n each �mage �nto one of two response opt�-
ons. Response opt�on 1 compr�ses normal ECG results, �nd�-
cat�ng that no further assessment or �nvest�gat�on �s ne-
eded. Response opt�on 2 compr�ses abnormal results, ne-
cess�tat�ng further assessment and �nvest�gat�on. Study par-
t�c�pants were asked to rev�ew 40 ECG �mages (normal ECG,
n=23; abnormal ECG, n=17) of asymptomat�c athletes aged
14 to 35 years. In order to answer all quest�ons correctly, 23
normal ECGs had to be class�f�ed �nto response opt�on 1 and
17 abnormal ECGs had to be class�f�ed �nto response opt�on
2. Subsequently, an 'Abnormal ECG Cr�ter�a' �nformat�on
form was sent to the part�c�pants v�a ema�l, and they were
requested to re-evaluate the same ECG �mages by ut�l�z�ng
th�s form a�er one week. These cr�ter�a have been prev�o-
usly ut�l�zed by Drezner et al., and are based on Corrado et
al.'s "recommendat�ons for �nterpretat�on of the 12-lead
ECG �n the athlete" pract�ce gu�del�ne.

Determ�n�ng the ECGs

The ECGs used �n the study were obta�ned from the records
of athletes at the Süleyman Dem�rel Un�vers�ty Sports Med�-
c�ne Cl�n�c. ECGs represent�ng hypertroph�c card�omyo-
pathy and Brugada syndromes were �ncluded for educat�-
onal purposes, as part�c�pat�ng athlet�c act�v�t�es are str�ctly
contra�nd�cated w�th these very rare d�agnoses. The �n�t�al
assessment of ECGs' normal�ty or abnormal�ty was perfor-
med by a sports med�c�ne phys�c�an (xx1), followed by a
bl�nd assessment by other sports med�c�ne phys�c�ans
 (xx2, xx3) and a card�olog�st (xx4).

Stat�st�cal analys�s

SPSS was ut�l�zed for analys�s. Demograph�c data was def�-
ned through the use of percentage (%), frequency (n), me-
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d�an (m�n�mum-max�mum), and a W�lcoxon s�gned rank
test was employed to compare the data before and a�er.
The p-value was determ�ned to be s�gn�f�cant at the 0.05
level.

RESULTS
Twenty-s�x part�c�pants completed both parts of the test.
The test had a med�an score of 30.00 before one-shot edu-
cat�on sess�on, w�th a m�n�mum and max�mum score of 18
and 35, respect�vely. The med�an score for the a�er one-shot
educat�on sess�on was 31.00, w�th m�n�mum and max�mum
scores of 26 and 37, respect�vely. The most commonly m�-
s�nterpreted ECGs were 2 normal ECGs answered as abnor-
mal and 4 patholog�cal ECGs answered as normal by the
part�c�pants. The patholog�cal ECGs �ncluded low atr�al
rhythm pattern, hypertroph�c card�omyopathy features,
long QT syndrome, and �nverted P wave presence �n lead
V3. The W�lcoxon s�gned rank test revealed a stat�st�cally
s�gn�f�cant r�se �n the total score between before and a�er
one-shot educat�on sess�on (p=0.035). An �nvest�gat�on was
conducted to �dent�fy wh�ch subgroups caused the �ncre-
ase. No s�gn�f�cant d��erence was observed �n the scores for
accurately detect�ng abnormal ECGs between before and
a�er one-shot educat�on sess�on (p=0.870). However, there
was a s�gn�f�cant d��erence �n the total number of normal
ECGs correctly detected between the before and a�er one-
shot educat�on sess�on (p=0.021). Table 1 presents the sco-
res of correctly �dent�f�ed abnormal and normal ECGs.

Table 1. Scores based on correct responses
  One-shot educat�on sess�on  
  Before After P value
Response 1 score 19.00 (11-22) 19.50 (14-23) 0.021*
Response 2 score 12.50 (7-17) 12.00 (8-16) 0.870
Total score 30.00 (18-35) 31.00 (26-37) 0.035*
Note: Response 1 score �nd�cates number of ECGs those were
accurately class�f�ed as normal, Response 2 score �nd�cates number
of abnormal ECGs those were accurately class�f�ed as abnormal. *:
p<0.05

DISCUSSION
The European Soc�ety of Card�ology has reported the �nc�-
dence of SCD dur�ng sports to �uctuate between 1-200 per
100,000 �nd�v�duals based on d��erent age decades. Measu-
res are be�ng �mplemented globally to m�n�m�ze th�s com-
parat�vely uncommon �nc�dence and guarantee safe athle-
t�c part�c�pat�on. The pr�mary strateg�es �nclude pre-part�c�-
pat�on screen�ng (12). The ut�l�zat�on of 'Abnormal ECG Cr�-
ter�a' was found to have a benef�c�al e�ect on the ECG as-
sessment of sports med�c�ne res�dents as per th�s study. The
�ntroduct�on of the same standard�zed ECG cr�ter�a �n anot-
her study resulted �n an elevated rate of accurate detect�on
�n a group of 60 part�c�pants encompass�ng pr�mary care
phys�c�ans, sports med�c�ne phys�c�ans, and card�olog�sts

(10). The �mplementat�on of the cr�ter�a �n th�s study �ncre-
ased the rate of correct �nterpretat�on of both normal and
abnormal ECGs. There was no notable d��erence �n detec-
t�ng abnormal ECGs �n our study, but there was an �ncrease
�n the detect�on of normal ECGs. Therefore, the overall sco-
re �mprovement was due to the decrease �n false pos�t�ves
a�er �mplement�ng the cr�ter�a. In other words, a�er one-
shot educat�on sess�on, there was a more accurate detect�-
on of normal ECGs.

The causes of SCD can be categor�zed �nto two types- struc-
tural and non-structural card�ac patholog�es. Examples of
structural abnormal�t�es may �nclude HCM, D�lated Card�-
omyopathy, Coronary Artery Anomaly, and Le� Ventr�cular
Hypertrophy. Examples of non-structural abnormal�t�es
may �nclude Wol�-Park�nson-Wh�te syndrome, Long QT
syndrome, Brugada syndrome (13). In that study, two ECGs
were found to be most �naccurately �nterpreted, belong�ng
to pat�ents w�th HCM and long QT syndrome.

Hypertroph�c card�omyopathy (HCM) const�tutes the le-
ad�ng cause for sudden card�ac death �n athletes below 35
years, render�ng �t a challeng�ng cond�t�on to def�ne def�n�-
t�vely, even when ut�l�z�ng establ�shed d�agnost�c cr�ter�a
(13).   F�ve HCM ECGs were assessed �n our study. At least
50% of the part�c�pants correctly �dent�f�ed four of them.
However, �n both parts of the study, over 70% of part�c�-
pants wrongly class�f�ed one HCM ECG as 'normal', desp�te
�t was exh�b�t�ng hypertrophy cr�ter�a �n the anter�or and
l�mb leads, albe�t not �n the lateral leads, wh�ch �s com-
monly observed.  Ident�f�cat�on of hypertroph�c card�omyo-
pathy (HCM) ECGs us�ng cr�ter�a for lateral der�vat�ons may
have been eas�er than w�th pos�t�ve f�nd�ngs �n the anter�or
precord�al and l�mb leads. There are mult�ple ECG f�nd�ngs
assoc�ated w�th HCM, �nclud�ng le� ventr�cular hypert-
rophy (LVH), prom�nent Q wave, and T-wave �nvers�on. The-
se ECG abnormal�t�es may �nd�cate the presence of HCM.
Thus, �t would be helpful to bear these �n m�nd, �n add�t�on
to evaluat�ng the ventr�cular hypertrophy cr�ter�a �n all ECG
leads.

To establ�sh the d�agnos�s of prolonged QT, the QT �nterval
�s measured on an ECG. Due to the var�ab�l�ty of QT �nterval
w�th heart rate, correct�ng the QT �nterval for heart rate �s
essent�al. Var�ous formulas can be used to adjust for heart
rate var�ab�l�ty, but the Bazett formula (QTC = QT / √ RR) �s
the most frequently employed. The QTc �s cons�dered pro-
longed �n men �f �t exceeds 440 ms, and 460 ms �n women.
A QTc greater than 500 �nd�cates an �ncreased r�sk of torsa-
de de po�ntes.  A useful h�nt to �dent�fy a prolonged QT �n-
terval dur�ng the �n�t�al exam�nat�on of the ECG �s to note
that a normal QT �nterval should be less than half the pre-
ced�ng RR �nterval (14).
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The T wave �n an ECG shows ventr�cular repolar�zat�on.
Normally, the T wave �s generated at the end of the last pha-
se of ventr�cular repolar�zat�on. In a typ�cal T wave shape, a
low ampl�tude broad hump, wh�ch �s upr�ght and follows
the QRS complex, �s observed. Patholog�cal T wave �nvers�-
on �s def�ned as a negat�ve de�ect�on of the T-wave of at le-
ast 2 mm �n at least 2 leads, except �n cases of aort�c valve
replacement (AVR), III, and V1, and exclud�ng changes �n
V1-V4 �n pat�ents of Afro-Car�bbean descent when preceded
by a domed ST-segment. By the age of 16 years, �t was fo-
und that negat�vely de�ected T-waves beyond V2 are pre-
sent only �n 0.1% of part�c�pants. Thus, PTWI �s uncommon
among healthy athletes and does not seem to �nd�cate phy-
s�olog�cal adaptat�on to exerc�se (15-17).

Atr�al depolar�zat�on results �n the format�on of the P wave
on the ECG. The d�rect�on of the depolar�zat�on wave �s ty-
p�cally towards the le� and downwards, result�ng �n an up-
r�ght P wave �n leads I and II and an �nverted one �n lead
aVR. Normally, s�nus P waves are most prom�nent �n leads
II and V1. The P wave typ�cally exh�b�ts b�phas�c behav�or
�n V1. A negat�ve P wave �n V1 may �nd�cate super�or place-
ment of the V1-V2 electrodes. A negat�ve P wave �n lead I
may be a consequence of �ncorrect record�ng, dextrocard�a,
or abnormal atr�al rhythms (18,19).

The research �nvolved sports med�c�ne res�dents who vo-
lunteered to part�c�pate. The number of part�c�pants was
l�m�ted as a result of the small populat�on of these res�dents
(n=55, approx�mately) �n Türk�ye. It �s worth h�ghl�ght�ng
the research's strength, wh�ch �s that 90% of the ECGs were
obta�ned from data of our cl�n�c, wh�le the rema�n�ng 10%
were taken from educat�onal resources.

CONCLUSION
The �mplementat�on of abnormal ECG cr�ter�a has allowed
sports med�c�ne res�dents to more prec�sely �dent�fy normal
athlete ECGs. Improved recogn�t�on of normal ECGs may
decrease the need for card�ology consultat�ons, ult�mately
allev�at�ng the hosp�tal's pat�ent load and reduc�ng the
number of unnecessary �nvest�gat�ons. Add�t�onal educat�-
on may be necessary to �dent�fy patholog�cal ECGs.
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