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Introduction
Early Repolarization (ER), also recognized as “J-waves” 

or “J-point elevation”’ is an electrocardiographic abnor-
mality consistent with elevation of the junction between 
the end of the QRS complex and the beginning of the ST 
segment in 2 contiguous leads.

Early Repolarization Syndrome (ERS), demonstrat-
ed as J-point elevation on an electrocardiograph, was 
formerly thought to be a benign entity. Recent stud-
ies have demonstrated that it can be linked to a high-
er risk of ventricular arrhythmias and sudden cardiac 
death [1-8]. The prevalence of ERS varies between 3% 
and 24%, depending on age, sex and J-point elevation 
(0.05 mV vs. 0.1 mV) being the main determinants. ERS 
patients are sporadic and they are at a higher risk of 
having recurrent cardiac events. Isoproterenol are the 
suggested therapies in this set of patients. On the other 
hand, asymptomatic patients with ERS are common and 
have a better prognosis [4].
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Abstract
Background: Sudden death in athletes is a major concern; 
the predictors remain to be settled. The significance of early 
repolarization is the subject of this work.

Methods: The study included hundred persons engaged in 
competitive sports for duration not less than 6 months; with 
training at least 3 days per week and at least two hours per 
day. All were males. Full history especially questioning for 
syncope, tachycardias or chest pain was obtained as well 
as family history of sudden death or coronary disease. ECG 
was done for all plus echo Doppler in some cases. Early 
repolarization was accepted present if J point is elevated 
more than one mm in LII, III, aVF or in chest leads, with 
or without raised ST > 1 mm. RV conduction disturbance 
was considered present if there is Rsr’ or bifid R. 54 played 
isotonic sport while 46 were on isometric sport. Types of 
sports: 46 isometric (static) (body builders). Isotonic (dy-
namic) 54 (Bicycling 6, Football 15, Tennis 3, Basketball 
16, Volleyball 8, Swimming 4, Boxing 2).

Results: Early repolarization was found in 9 and Rsr’ were 
present in 14 subjects, (5 had both). None was diagnosed 
as Brugada or RV dysplasia. Echo was done in 15 who 
showed ECG increased voltage, increase in LV size was 
found in 5 (Diastolic diameter up to 61 mm). 10 persons 
were re-examined after months, no abnormal events were 
found. Follow up by telephone was up to two years. No one 
reported tachyarrhythmia or syncope neither before recruit-
ment in the study (retrospective) or after follow-up (prospec-
tive).

Conclusion: Early repolarization and RV conduction distur-
bance in athletes apparently did not prove to be hazardous. 
Further studies are needed.
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taking: Full history especially questioning for syncope 
or chest pain. Family history of sudden death or coro-
nary disease. Clinical examination: Examination for BP, 
any cardiac murmurs or arrhythmia. Weight and height 
to calculate body mass index. Investigations: ECG was 
done for all and examined for rate, rhythm, voltage, ST, 
QT and recording of any abnormality. Voltage means 
length of R and S in limb and chest leads. Left ventricular 
hypertrophy was considered according to Sokolow-lyon 
criteria. The ECG apparatuses used were Fukoda Denchi 
and Schiller. Both calculate QTc.

A standard 12-lead ECG was performed on compet-
itive athletes who are apparently normal in the supine 
position during quiet respiration and recorded at 25 mm 
per second. Echocardiography was done for cases that 
are suspicious.

Echo measured LV size (diameters, mass index), 
Ejection fraction, diastolic function, any valvular lesions, 
pulmonary hypertension and right ventricular measure-
ments. The echo apparatus was Esaote my lab Gold 30. 
It calculates LV mass from wall thickness and cavity di-
ameters. Three recordings were done and the sum is 
considered.

Statistical analysis of the data
Data were analyzed using software (SPSS 23). De-

scriptive data was expressed in frequency and percent 
and was analyzed using Chi-square test also exact tests 
such Fisher exact and Monte Carlo was applied to com-

Early Repolarization Syndrome (ERS)” was regarded 
as a “normal variant”, or a “benign early repolarization” 
until 2000 [5]. However, numerous more recent reports 
have suggested a relationship between ER and an in-
creased risk of death from cardiac arrhythmias.

Methods
Subjects

The study included hundred subjects engaged in 
competitive sports for duration not less than 6 months 
and with training at least 3 days per week and at least 
one hour per day. Inclusion criteria: Any type of sport, 
football or basketball, swimming, weight lifting or run-
ning. They divided into two broad types: dynamic (iso-
tonic) and static (isometric). Age range 18 to 45 years. 
Only males were studied.

Selection bias
We went to sports clubs and gym centers, we re-

corded ECGs to players at end of matches or the couch 
brought the players available. We did not exclude or se-
lect specific players so there was no bias.

Female players
In a conservative country we cannot go to clubs and 

make ECGs to females. No chance to bring with me fe-
male nurse to do the ECG under cover.

Tools of data collection
The subjects in the study were subjected to: History 

Table 1: Relation between type sports with ECG changes.

ECG changes
Total 

(n = 100)

Type sport

χ2 pIsotonic 
(n = 54)

Isometric 
(n = 46)

No. % No. % No. %
LVH

Absent 82 82.0 41 75.9 41 89.1
2.934 0.087

Present 18 18.0 13 24.1 5 10.9

Early repolarization
Absent 95 95.0 49 90.7 46 100.0

4.483 0.01
Present 9 5.0 9 18 0 0.0

HR<60
Absent 94 94.0 48 88.9 46 100.0

5.437* FEp = 0.030*

Present 6 6.0 6 11.1 0 0.0

Rsr'
Absent 86 86.0 43 79.6 43 93.5

3.957* 0.047*

Present 14 14.0 11 20.4 3 6.5

Inverted T
Absent 97 97.0 52 96.3 45 97.8

0.200 FEp = 1.000
Present 3 3.0 2 3.7 1 2.0

Sinus arrhythmia
Absent 94 94.0 50 92.6 44 95.7

0.412 FEp = 0.684
Present 6 6.0 7 7.4 2 4.3

χ2: Chi square test. FE: Fisher Exact for Chi square test
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athletes were screened by ECG. 54 played isotonic sport 
while 46 were on isometric sport. According to the past 
medical history: 11 (11%) patients were hypertensive, 9 
(9%) were symptomatic (history of atypical chest pain or 
undue palpitations or occasional dizziness but no history 
of syncope), 1 (1%) was with positive family history for 

pare different groups. P value was assumed to be signif-
icant at (0.05) with confidence interval set at 95% (Table 
1).

Results
During the period from 1/1/2015 to 1/10/2016, 100 
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Figure 1: (a-d) Early repolarization syndrome. 
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cardiac diseases and seven (7%) were smokers (Figure 
1a, Figure 1b, Figure 1c, Figure 1d, Figure 2).

Types of sports

46 isometric (static) (body builders). Isotonic (dy-
namic) 54 (Bicycling 6, Football 15, Tennis 3, Basketball 
16, Volleyball 8, Swimming 4, Boxing 2). Echo was done 
in 15, increase in LV size was found in 5 (Diastolic di-
ameter up to 61 mm). 18 athletes showed LVH by ECG 
(by Sokolow-Lyon Criteria). Correlation between the 18 
athletes with ECG LVH and echocardiography: Only 5 of 
the 18 showed increased diameters by echo but with-
in accepted athletic heart criteria. Two of body builders 
confessed of taking doping drugs (male hormones) but 
no clinical abnormal signs were detected. No long QT 
was found. ECG changes were more in isometric (static) 
athletes (body builders).

The significance of finding more ECG changes in iso-
metric (static) athletes is not clear but clinically did not 
show any effect. Two of body builders confessed of tak-
ing doping drugs (male hormones) but no clinical abnor-
mal signs were detected. No long QT was found.

Follow up
Athletes were followed by telephone for one year. In 

5 the telephone number was wrong so no data and in 6 
telephone answer so no data. The remaining 89 athletes 
reported no undue attacks of tachycardia or symptoms 
as syncope or chest pain. Only two reported complaints 
and were asked to come to my clinic for free reexamina-
tion by ECG and echo. No abnormal findings were found.

No Holter monitoring was applied, no exercise ECG 
was done.

Correlation between the 18 athletes with ECG LVH 
and echocardiography

All 18 athletes with ECG increased voltage (R plus S 
in chest leads > 36 mm) were called to our clinic and 
echocardiography was done. It was normal in all except 
5 who showed LV diameter > 57 mm but less than 61 
mm denoting athletic heart not pathological. Ejection 
fraction and diastolic function were normal.

We did not tell the athletes or their coach that there 
is something in the ECG to avoid undue anxiety or bad 
consequences.

Discussion
Sudden death in athletes is a major concern; the 

predictors and value of prior investigations remain to 
be settled. The work aims to study electrocardiograms 
(ECG) in competitive athletes to define incidence of ab-
normalities and any relevant associations. During the 
period from 1/1/2015 to 1/10/2016, 100 athletes were 
screened by ECG, 54 played isotonic sport while 46 
were on isometric sport in Alexandria. The mean age of 
athletes was 23.3 years, and the mean BMI of athletes 
was 24.19. We observed that (11%) athletes were hy-
pertensive, (9%) were with cardiac symptom, (1%) was 
with positive family history for cardiac diseases and (7%) 
were smokers. 12 leads ECG was done to all athletes: 
LVH by voltage criteria were found in 18% of athletes, 
Early repolarization in 5%, bradycardia in 6%, RBBB in 
14%, Inverted T in 3% and Sinus arrhythmia in 6% and 
we observed that 43% of all athletes were with at least 
one ECG changes, while it was up to 60% of athletes as 
described by Leite, et al.) [9-11].

The most commonly used voltage criterion for LVH 
is the Sokolow-Lyon index. However, ECG QRS voltage 
may not be a reliable predictor of LVH. In athletes, in-
tensive conditioning is also associated with morpho-
logical cardiac changes of increased cavity dimensions 
and wall thickness that are reflected on the ECG. These 
changes constitute physiological LVH in trained athletes 
and usually manifests as an isolated increase in QRS 
amplitude, LVH are prevalent and present in up to 18% 
of athletes. Drezner JA, et al. Drezner, Ackerman et al. 
[12,13] reported that present in up to 45% of athletes. A 
high prevalence of ECGs that fulfil Sokolow-Lyon voltage 
criteria for LV hypertrophy has been consistently report-
ed in trained athletes assessed the prevalence and type 
of ECG abnormalities in 1005 elite Italian athletes, 75% 
male who participated in 38 sporting disciplines [1].

Early repolarization has traditionally been regarded 
as an idiopathic and benign ECG phenomenon, with a 
clear male preponderance. The early repolarization ECG 

         

Figure 2: Bifid R. 
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in only 0.1% to 0.2% of athletes according to D’Silva and 
Sharma [17] ,while it was only 1.4% as described by Biffi, 
et al. [1], and it was in 5% of the athletes in our study.

The heart rate usually increases slightly during in-
spiration and decreases slightly during expiration. This 
response called sinus arrhythmia can be quite exag-
gerated in children and in well-trained athletes result-
ing in an irregular heart rhythm which originates from 
the sinus node. It has been estimated that up to 55% 
of well-trained athletes have sinus arrhythmia reported 
by (Drezner JA, Ackerman) [11]; Drezner JA, Fischbach 
P, [12]. While we found sinus arrhythmia in 6% of the 
athletes. At least we didn’t find any of uncommon ECGs 
that was reported by Drezner JA, et al. [11]. Echocardi-
ography was done in 15 players, increase in LV size was 
found in 5 players only. Follow up by telephone ques-
tionnaire was done for all, 5 persons were re-examined 
after months, no abnormal events were found.

Clinical Manifestations of ERS
The clinical presentation of patients with ERS can 

be subdivided into two main groups. The first includes 
those that manifest recognized symptoms of ERS, i.e., 
high risk patients with syncope and survivors of cardiac 
arrest. A study by Abe, et al. [17] demonstrated that the 
ER was noticed in 18.5% in patients with syncope com-
pared to 2% in healthy controls, this equates to almost 
10 - fold increase risk of syncope in patients with ERS.

The second and the most common group are asymp-
tomatic patients who are incidentally noted to have an 
ER pattern on their ECG. Overall, this group is less likely 
to have adverse cardiac events, and the challenge here 
lies in distinguishing those with risk of sudden cardiac 
death from those that are likely to run a benign course 
of the condition [11-21].

ECG Diagnosis of ERS
The electrocardiographic hallmark of ERS is elevation 

(> 1 mm above baseline) of the QRS-ST junction man-
ifested as either QRS slurring or notching, ST-segment 
elevation with upper concavity, and prominent T-waves 
in two or more contiguous inferior and/or lateral leads 
in a patient resuscitated from otherwise unexplained 
ventricular arrhythmia [15]. Recent studies omitted ST 
segment elevation from the definition of ERS, and state 
that the J point changes described above is sufficient to 
diagnose ERS [9]. The inclusion or exclusion of right pre-
cordial leads is also an area for debate [22-29].

Conclusions
Early repolarization and incomplete right bundle 

block were apparently not associated with proved haz-
ard in this study. In spite the study is small or limited; 
we think it adds to the literature of this subject. It ame-
liorates the bad reputation of early repolarization. All 
patients with ER should continue to have follow up and 
risk assessment.

pattern is the rule rather than the exception among high-
ly trained athletes. The early repolarization ECG shows 
elevation of the QRS-ST junction (J-point) of at least 0.1 
mV from baseline, associated with notching or slurring 
of the terminal QRS complex which may vary in location, 
morphology, and degree. These changes often are local-
ized in precordial leads, with the greatest ST-segment 
elevation in mid-to-lateral leads (V3-V4), but maximal 
ST-segment displacement may also be seen in lateral 
leads (V5, V6, I, and aVL), inferiorly (II, III, and aVF), or 
anteriorly (V2-V3).

Early repolarisation is reported in up to 35-91% of 
trained athletes and is more prevalent in young males 
and black by Drezner JA, et al. [12,13] 50% to 80% of all 
highly-trained athletes present have early repolarization 
reported and it was observed in 50-80% of resting ECGs 
by Biffi, Alessandro [1], and it was less than 10% of the 
15,000 participants reported by Sinner, Moritz F, while it 
was only in 5% of the athletes in our study.

The normal heart beat is initiated by the sinus node 
which is located high in the right atrium near the junc-
tion of the superior vena cava and the right atrial ap-
pendage. To be classified as sinus rhythm, three criteria 
must be met: (1) There must be a P wave before every 
QRS complex, (2) There must be a QRS complex after 
every P wave and (3) The P wave must have a normal 
axis in the frontal plane (0-90° s). Assuming an intact si-
nus node, the heart rate is set by the balance between 
the sympathetic and parasympathetic nervous systems. 
In healthy adults, sinus rhythm < 60 beats/min is con-
sidered as ‘sinus bradycardia’. In well-trained athletes, 
resting sinus bradycardia is a common finding due to 
increased vagal tone, it was only in 6% of the athletes 
in our study. IRBBB is defined by a QRS duration < 120 
ms with an RBBB pattern: Terminal R wave in lead V1 
(rsR’) and wide terminal S wave in leads I and V6. IRBBB 
is observed in up to 40% of highly trained athletes ac-
cording to Drezner JA, Fischbach P, Froelicher V, et al. 
[12], and incomplete Right Bundle Branch Block (RBBB) 
was in 33% of the athletes in van Dijk, Gaby Pons, 35% to 
50% of athletes have an incomplete right bundle branch 
block according to Scharhag, Jürgen and The prevalence 
of incomplete right bundle branch block has been esti-
mated to range from 35 to 50% in athletes as written by 
Biffi, Alessandro (Biffi, Delise et al.) [1], while it was 14% 
of the athletes in our study. T-wave inversion is defined 
as > 1 mm in depth in two or more leads V2-V6, II and 
aVF, or I and aVL (excludes III, aVR and V1).

T-wave inversion in inferior (II, III, aVF) and/or later-
al (I, aVL, V5-V6) leads must raise the suspicion of isch-
aemic heart disease, cardiomyopathy, aortic valve dis-
ease, systemic hypertension, and LV non-compaction. 
T-wave inversion listed as Abnormal and uncommon 
ECG findings in athletes and reported in 2% of athletes 
by Drezner, Fischbach et al. 2013) [13-16], and identified 
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