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				Introduction

				The heart of an athlete has posed a great challenge for clinicians and scientists for more than a century. Early investigations in the late 1800s and early 1900s noted that sys-tematic training in predominantly enduring sports and isometric sports triggers increases in cardiac mass and structural remodeling in many athletes [1].

				This physiologic form of enlargement and 

			

		

		
			
				
					Abstract

					Background: Sudden cardiac death (SCD) is the leading cause of death in athletes during sport. Electrocardiography (ECG) is a useful tool to detect underlying cardiovascular conditions that may increase the risk for SCD. The aim of the present study is to evaluate common ECG changes among professional football players.Materials and Methods: All football players of Iranian Premier League in season 2013-2014 participated in this descriptive study (258 foot-ball players). The standard 12-lead ECGs were evaluated and ECG analysis was performed according to previously described criteria.Results: Electrocardiogram evaluation showed that the percent of ECG changes was as follows; Inverted T (7.7%), Depression ST (2.3%), Brady-cardia (0.3%), St Elevation (2.7%), Left ventricular hypertrophy (1.5%), Left bundle branch block (0.3%), Incomplete right bundle branch (0.3%), Incomplete left anterior bundle (0.8%), branch Incomplete left posterior bundle branch (1.1%), Wolf Parkinson white (0.3%), Left axis deviation (1.5), Right axis deviation (2.3%), ECG finding in favor of HCM (3.1%) and finally ECG finding in favor of IHD(10%).Conclusion: Most electrocardiographic variables in Iranian professional football players were lower than the worldwide football players that may be related to the lower level of physical fitness among Iranian football players.[GMJ.2015;4(4):151-58]
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				increased volume of ventricular chambers [2], sometimes accompanied by increased thickness of the left ventricular wall 64 and an increase in the size of the left atrium, with preservation of systolic and diastolic function (athlete’s heart), are regarded as a benign ad-aptation to systematic athletic training with no adverse cardiovascular consequences [3, 4].

				On the other hand, genetic factors may also have a role in this process as the angioten-sin-converting–enzyme genotype has been 
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				associated with the magnitude of exercise-in-duced left ventricular hypertrophy in endur-ance athletes [5].

				Other physiologic adaptations to training in-clude a variety of abnormal patterns on 12-lead electrocardiograms in about 40 percent of athletes, some of which resemble cardiac disease (greatly increased voltages, Q waves and repolarization abnormalities) [6].

				The ability to make clinical distinctions be-tween physiologic athlete’s heart and patho-logic conditions has critical implications for trained athletes to reducing the risk of sudden cardiac death (SCD) or progression of cardio-vascular disease [7]. The tragic nature of sud-den death in young, previously asymptomatic athletes, has led to considerable efforts aimed at prevention. Causes of SCD in athletes are hypertrophic cardiomyopathy (HCM) fol-lowed by coronary artery anomalies which are more common in man (>90%) and in certain sports, such as basketball and football [3].

				Electrocardiogram (ECG) is an excellent tool in the evaluation of athletes, providing im-portant prognostic and diagnostic informa-tion on a variety of cardiovascular disorders that are associated with an increased risk of SCD during sports. Due to the ease of admin-istration, low cost and ability to detect HCM, long QT syndrome and ischemic heart dis-ease, ECG is proposed to be used as a routine screening tool in athletes [8].

				Electrocardiogram changes in athletes are common and usually reflect structural and electrical remodeling of heart as an adaptation to regular physical training (athlete’s heart) [9, 10]. However, abnormalities of athlete’s ECG may be an expression of an underly-ing heart disease which carries a risk of SCD during sport [11]. It is important that ECG ab-normalities resulting from intensive physical training and those potentially associated with an increased cardiovascular risk are correctly distinguished [12]. Studies demonstrate that without further education, the ability of many physicians to accurately interpret an athlete’s ECG is relatively poor and may lead to an unacceptable rate of false-positive interpreta-tions and unnecessary secondary evaluations [13]. However, providing physicians stan-dardized criteria with which to evaluate an 

			

		

		
			
				ECG considerably improves accuracy. 

				Because of the importance of these tests in the elimination of SCD risk in athletes and the lack of standardization in Iranian population, the aim of this study is to focus on the phys-iological ECG adaptations commonly found in Iranian football players in Premier League in season 2013-2014 to help physicians dis-tinguish normal ECG changes from abnormal ECG findings related to a pathological cardiac condition associated with SCD. 

				Materials and Methods

				Study Population

				All football players of Iranian Premier League in season 2013-2014 with a total of 258 foot-ball players representing 18 teams from differ-ent phylum of Iran (Azarian, Kurdish, Arabi-an, etc.) referred to Iranian National Academy of Football for pre-competition evaluation participated in this descriptive study. All in-cluded professional athletes had been training and competing for >3 consecutive years and were between 18-35 years old (Table1).

				All participants were given a brief explanation about the investigation and also were asked to sign a consent form approved by the Commit-tee on Ethics in Research, Iran University of Medical Sciences. The competitive athletes were evaluated according to a cardiovascular program that included 12-lead ECG.

				Electrocardiography

				Standard 12-lead ECGs (Mac 800, GE Med-ical Systems: Germany) were performed with the subject in the supine position after 

			

		

		
			
				Table 1.Characteristics of 258 adolescent profes-sional football players

				BMA: Body Surface Area

				
					Min

				

				
					Max

				

				
					Mean

				

				
					Standard deviation

				

				
					Age(years)

				

				
					18

				

				
					35

				

				
					25.55

				

				
					3.90

				

				
					Height(cm)

				

				
					163

				

				
					195

				

				
					178.19

				

				
					5.30

				

				
					Weight(kg)

				

				
					60

				

				
					95

				

				
					73.70

				

				
					6.27

				

				
					BSA (m2)

				

				
					1.6

				

				
					2.8

				

				
					1.82

				

				
					0.15

				

			

		

	
		
			
				a few minutes of rest during quiet respiration and recorded at 25mm/s. ECG analysis was performed according to previously described criteria [14]. In particular, we measured heart rate (beats/min), PR interval (ms), QRS dura-tion (ms), QT interval corrected for the heart rate(s), presence of Q waves (>0.04 seconds in duration or 0.>25 of height of ensuring R wave or QS pattern in two or more leads) and Sokolow-Lyon criterion for LV hypertrophy, presence of left enlargement (negative po-tion of p wave in lead v1=>0.1 mv in depth and =>0.04 in duration) or right arterial en-largement (peaked p wave in leads 2 and 3 or v1=>0.25 mv in amplitude), presence of right or left axis deviations, presence of patho-logic R wave (=>0.5 mv in amplitude + R/s ratio=>1), presence of bundle branch block (complete left, complete right, incomplete left anterior, incomplete left posterior and incom-plete right) presence of ST-segment elevation (_1 mm, in _2 continuous leads), presence of J-wave (_1 mm), or ST-segment slurring [15], T-wave inversion (>1 mm in depth in two or more leads V2–V6, II and aVF, or I and aVL) and flat/biphasic T-wave pattern (in _2 contin-uous leads).

				Results

				In the present study, 258 football players of Iranian Premier League in season 2013-2014 were evaluated according to their cardiac sit-uation. The results of their electrocardiograms are presented in Table 2. The ECG of 203 foot-ball players showed no abnormality. The rest ECG of 55 football players had some degree of abnormalities that were listed in Table 2. 

				ECG findings in favor of IHD were the most abnormalities among football players of Irani-an Premier League (26 participants).

				Discussion

				Regular and long-term participation in inten-sive exercise(minimum of 4 h/week) is associ-ated with unique electrical manifestations [10].

				 A challenge in the use of ECG for screening or diagnostic evaluations in athletes is the ability to accurately differentiate findings suggestive of a potentially lethal cardiovascular disor-

			

		

		
			
				der from benign physiological adaptations occurring as a result of regular and sustained intensive training. In this study, clinical sig-nificance of abnormal electrocardiographic patterns in trained athletes was presented with focus on HCM as the main common cause of SCD in professional football players.

				T Wave Inversion (Inverted T)

				T Wave Inversion (TWI) in the lateral or in-ferolateral leads is seen commonly in HCM. In a series of asymptomatic patients ≤35 years old with HCM confirmed by cardiac MRI, 62% exhibited TWI [16]. Similarly, in pa-tients with a positive HCM, genetic test and overt morphological HCM, 54% demonstrate TWI. Abnormal TWI is defined as >1mm in depth in two or more leads V2–V6, II and aVF or I and aVL (excluding leads III, aVR and V1). Deep TWI in the mid-precordial to later-al precordial leads (V4–V6) should raise the possibility of apical HCM.

				In healthy athletes, TWI in the lateral or in-ferior leads is uncommon and the prevalence of TWI in the lateral or inferior leads is about 2% [6].

				In Iranian football players in premium league, the frequency of TWI was 7.7% that is more 

			

		

		
			
				Table2. Electrocardiographic findings in Iranian football players in season 2013-2014

				
					Problem in Electrocardiography

				

				
					N (%)

				

				
					Inverted T

				

				
					20 (7.7%)

				

				
					Depression ST

				

				
					6 (2.3%)

				

				
					Bradycardia

				

				
					1(0.3%)

				

				
					St Elevation

				

				
					7(2.7%)

				

				
					Left ventricular hypertrophy

				

				
					4(1.5%)

				

				
					Left bundle branch block

				

				
					1(0.3% )

				

				
					Incomplete right bundle branch

				

				
					1(0.3% )

				

				
					Incomplete left anterior bundle branch

				

				
					2(0.8%)

				

				
					Incomplete left posterior bundle branch

				

				
					3(1.1%)

				

				
					Wolf Parkinson white

				

				
					1(0.3% )

				

				
					Left axis deviation

				

				
					4(1.5%)

				

				
					Right axis deviation

				

				
					6(2.3%)

				

				
					ECG finding in favor of HCM

				

				
					8(3.1%)

				

				
					ECG finding in favor of IHD

				

				
					26(10%)

				

			

		

	
		
			
				than the average of this from the world wide population of elite athletes which may be due to their ethics.

				ST Segment Depression

				ST segment depression is a common abnor-mality in HCM but extremely rare in other-wise healthy athletes, making it a concerning indicator of disease if identified on an athlete’s ECG. ST segment depression is reported in 46–50% of patients with HCM, but in <1% of apparently healthy athletes or adolescents un-dergoing ECG screening [14]. Any degree of ST depression beyond 0.5mm in two or more leads is significant and requires further inves-tigation for cardiomyopathy. The frequency of ST segment depression in Iranian football players in premium league is about 2.3%. This statistics is close to the one usually reported in healthy athletes.

				Bradycardia

				 In healthy adults, sinus rhythm <60 beats/min is considered as ‘sinus bradycardia. In well-trained athletes, resting sinus bradycardia is a common finding due to increased vagal tone. In endurance athletes, aerobic training also may induce intrinsic adaptations in the sinus node with decreased automaticity resulting in a high prevalence of sinus bradycardia [17, 18]. In the absence of symptoms such as fa-tigue, dizziness or syncope, a heart rate ≥30 beats/min should be considered normal in a well-trained athlete [15]. Sinus bradycar-dia disappears with an increase in heart rate during physical activity. The frequency of bradycardia in Iranian football players in pre-mium league is about 0.3% 

				Early Repolarization (ST Elevation)

				Early repolarization is an ECG pattern consisting of ST elevation and/or a J wave

				(distinct notch) or slur on the downslope of the R wave. Traditional examples of early repolarization are referred to ST elevation, but newer definitions also include J waves or terminal QRS slurring. Early repolarization is a common finding in trained athletes and considered a benign ECG pattern in appar-ently healthy and asymptomatic individuals [15]. Depending on how it is defined, early 

			

		

		
			
				repolarization is reported in up to 35–91% of trained athletes and is more prevalent in young males and black/Africans [19]. The early repolarization pattern in athletes typical-ly involves a concave and ascending/upward ST segment elevation [15, 20]. Late QRS slurring or notching with horizontal ST seg-ment elevation in the inferolateral leads has been associated with an increased risk of ar-rhythmic death in one study of middle-aged, nonathletic Finnish citizens [21]. However, a significant percentage of young competitive athletes (25–30%) show early repolarization with similar morphological features in either inferior or lateral leads [22, 23]. These find-ings are more common in athletes at times of peak fitness suggesting that early repolar-ization is a dynamic process and is at least in part a direct result of exercise training [22]. To date, no data support the presence of an association between early repolarization and SCD in athletes.

				 Although further investigation is warranted to fully characterize the prognostic implications of early repolarization in competitive athletes, all patterns of early repolarization including inferolateral subtypes should be considered normal variants in athletes [15]. In Iranian football players in premium league, the prev-alence of early repolarization was 2.7% which is lower than the statistics reported in the pre-vious surveys. This finding might be due to lower levels of physical fitness among Iranian football players.

				Left Ventricular Hypertrophy

				The most commonly used voltage criterion for LVH is the Sokolow-Lyon index. Howev-er, ECG QRS voltage may not be a reliable predictor of LVH. The limitation of ECG in identifying ventricular hypertrophy is due to the reliance of measuring electrical activity of the heart by electrodes on the surface of body. Consequently, anything between left ventric-ular myocardium and the surface electrodes will affect the voltage. ECG QRS voltage, therefore, can be influenced by a variety of factors other than LV size or mass. Males, ath-letes and black/African individuals have high-er QRS voltage, while obesity, older age and pulmonary disease may cause lower voltage. 

			

		

	
		
			
				Correlation with echocardiography is limited and reference standards from autopsy or MRI are not available [24].

				In athletes, intensive conditioning is also as-sociated with morphological cardiac chang-es of increased cavity dimensions and wall thickness that are reflected on ECG. These changes constitute physiological LVH in trained athletes and usually manifest as an isolated increase in QRS amplitude. ECGs with increased QRS amplitudes meeting ECG voltage criteria for LVH are prevalent and present in up to 45% of athletes and 25% of sedentary young adults [25]. Therefore, the accuracy of increased QRS voltage as an in-dicator of pathological LVH is poor. Based on this study, only 1.5% of Iranian football play-ers met ECG voltage criteria for LVH which is lower than expected. This finding may be due to lower levels of physical fitness among Iranian football players.

				Left and Right Bundle Branch Block

				Left bundle branch block (LBBB) is an ab-normal finding detected in 2% of patients with HCM but not reported in screening populations of athletes or adolescents [14]. LBBB prevalence in Iranian football players was approximately 0.3%. LBBB pattern with QRS duration of 120ms or greater needs fur-ther prompt evaluation. Right bundle branch block (RBBB) is found more commonly in HCM than in athletes but the frequency of in-complete and complete RBBB in athletes is felt to limit its differentiating value [26]. The significance of anon-specific intraventricular conduction delay (IVCD) with normal QRS morphology is uncertain. However, marked nonspecific IVCD >140ms is considered ab-normal and needs further prompt evaluation [27].

				Incomplete RBBB (IRBBB)

				IRBBB is defined as a QRS duration <120ms with an RBBB pattern: terminal R wave in lead V1 (rsR0) and wide terminal S wave in leads I and V6. IRBBB is seen in less than 10% of the general population but is observed in up to 40% of highly trained athletes, par-ticularly those engaged in endurance training and mixed sport disciplines including both 

			

		

		
			
				aerobic and anaerobic components. Howev-er, the prevalence of IRBBB in Iranian foot-ball players (0.3%) is completely lower than the statistics usually reported in the previous studies. This big difference might be due to several factors including ethics and training intensity [28]. It has been suggested that the mildly delayed RV conduction is caused by RV remodeling, with increased cavity size and resultant increased conduction time, rather than an intrinsic delay within the His-Purkinje system itself [29].

				The occurrence of IRBBB in an asymptomat-ic athlete with a negative family history and physical examination does not require further evaluation. During physical examination, par-ticular care should be devoted to the auscul-tation of a fixed splitting of the second heart sound because IRBBB can be an associated ECG finding in patients with an atrial septal defect [8].

				Incomplete Left Bundle Branch (Anterior and Posterior)

				Incomplete left anterior bundle branch is more common in men and increases in frequency with advancing age. The estimated prevalence in general population (ages less than 40 years) is 0.5–1.0% a figure similar to that reported in the athletic population in Iran. Although iso-lated incomplete left anterior bundle branch is usually an incidental ECG finding in subjects without evidence of structural heart disease, the association with a variety of cardiovascu-lar disorders has been reported. Isolated in-complete left anterior bundle branch is a very rare finding, being usually associated with RBBB. Combinations of complete/incomplete bundle branch block reflect a more extensive involvement of specialized conduction system and carry an increased risk of clinically signif-icant AV block [8].

				Wolf Parkinson White (WPW)

				Diagnosis of WPW is confirmed by charac-teristic electrocardiogram changes, which include a delta wave, short PR interval and widened QRS complex [30]. Utilization of electrocardiogram as part of a pre-participa-tion physical evaluation may allow early iden-tification of asymptomatic individuals with a 

			

		

	
		
			
				WPW pattern. Risk stratification techniques identify individuals at risk for malignant ar-rhythmias who may be candidates for curative therapy through transcatheter ablation. WPW accounts for at least 1% of sudden death in athletes and has a prevalence varying from 0.1 to 0.3%. The present study showed that the prevalence of WPW in Iranian football players was similar to previous research find-ings. The risk of lethal arrhythmia appears to be higher in asymptomatic children than in adults, and sudden cardiac death is often the sentinel event. Athletes with WPW should be evaluated for symptoms and the presence of intermittent or persistent pre-excitation, which dictates further consultation, treatment and monitoring strategies before returning to matches [30].

				Left Axis Deviation

				LAD, defined as −30° to −90°, is present in almost 12% of HCM patients but less than 1% of athletes [12]. Based on this study, LAD was seen in almost 1.5% of Iranian football play-ers. This finding is in accordance with previ-ous reports. LAD can be a secondary marker for pathological LV hypertrophy (LVH) and if present, warrants additional evaluation [25].

				Right Axis Deviation

				Right-axis deviation is defined as a frontal plane QRS axis of>120°. It is a common find-ing in pulmonary hypertension. Right-axis deviation was seen in about 2.5% of Iranian football players.

				Electrocardiogram-detectable cardiovascular diseases include cardiomyopathies such as HCM, ARVC and dilated cardiomyopathy; aortic valve stenosis; cardiac ion-channel diseases such as long-QT syndrome (LQTS), Brugada syndrome, short-QT syndrome (SQTS) and Lenègre disease and Wolff–Par-kinson–White (WPW) syndrome. Based on published series from the USA and Italy, these conditions account for approximately two-thirds of SCD in young competitive athletes.Electrocardiogram abnormalities associated with these cardiovascular diseases include repolarization abnormalities such as inverted T-waves and ST-segment depression, patho-

			

		

		
			
				logical Q-waves, conduction disease including left-axis deviation, ventricular pre-excitation, long- and short-QT interval and Brugada-like repolarization changes. Based on these find-ings, hypertrophic cardiomyopathy and isch-emic heart disease would be expected to be present in nearly 3.1% and 10% of Iranian football players, respectively.

				Unlike ECG changes commonly seen in athlete’s heart, such ECG abnormalities are relatively uncommon (<5%) and train-ing-unrelated. Further diagnostic work-up is mandatory for those athletes who exhibit such ECG changes in order to confirm (or exclude) an underlying cardiovascular disease.

				The future of SCD prevention in athletes by large-scale ECG screening program lies in continuing efforts to better understand the scientific basis for ECG interpretation and to define standards of ECG criteria for differen-tiation between athlete’s heart and true heart diseases. Further studies are needed to test the accuracy, utility and cost-effectiveness of the present ECG criteria in relation to gender, age, ethnicity and different levels of training and/or type of sports.

				Conclusion

				Most electrocardiographic variables among Iranian professional football players were lower than worldwide football players that may be related to the lower levels of physical fitness in Iranian football players.
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Abstract

Background: Sudden cardiac death (SCD) is the leading cause of death in athletes during
sport. Electrocardiography (ECG) is a useful tool to detect underlying cardiovascular conditions
that may increase the risk for SCD. The aim of the present study is to evaluate common ECG
changes among professional football players.Materials and Methods: All football players of
Iranian Premier League in season 2013-2014 participated in this descriptive study (258 foot-
ball players). The standard 12-lead ECGs were evaluated and ECG analysis was performed
according to previously described criteria. Results: Electrocardiogram evaluation showed that
the percent of ECG changes was as follows; Inverted T (7.7%). Depression ST (2.3%), Brady-
cardia (0.3%), St Elevation (2.7%), Left ventricular hypertrophy (1.5%). Left bundle branch
block (0.3%). Incomplete right bundle branch (0.3%). Incomplete left anterior bundle (0.8%),
branch Incomplete left posterior bundle branch (1.1%). Wolf Parkinson white (0.3%), Left axis
deviation (1.5). Right axis deviation (2.3%)., ECG finding in favor of HCM (3.1%) and finally
ECG finding in favor of IHD(10%).Conclusion: Most electrocardiographic variables in Iranian
professional football players were lower than the worldwide football players that may be related
to the lower level of physical fitness among Iranian football players.[GMJ.2015;4(4):151-58]

Keywords: Professional Football Players: Echocardiography: ECG Findings: Sudden Cardiac
Death

Introduction

he heart of an athlete has posed a great

challenge for clinicians and scientists for
more than a century. Early investigations in
the late 1800s and early 1900s noted that sys-
tematic training in predominantly enduring
sports and isometric sports triggers increases
in cardiac mass and structural remodeling in
many athletes [1].
This physiologic form of enlargement and

increased volume of ventricular chambers
[2]. sometimes accompanied by increased
thickness of the left ventricular wall 64 and
an increase in the size of the left atrium, with
preservation of systolic and diastolic function
(athlete’s heart), are regarded as a benign ad-
aptation to systematic athletic training with no
adverse cardiovascular consequences [3, 4].

On the other hand, genetic factors may also
have a role in this process as the angioten-
sin-converting—enzyme genotype has been
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