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Abstract
Purpose of review To review data available in medical literature on the prognostic implica-
tions of the detection of an “early repolarization” (ER) pattern at standard electrocardio-
gram (ECG) in athletes, with particular reference to a possible increased risk of sudden 
death.
Recent findings In 2010, a case–control study of patients with vs. without idiopathic ven-
tricular fibrillation in athletes found a higher prevalence of infero-lateral slurring J wave in 
cases than controls (28.6% vs. 7.6%; p = 0.006). Subsequently, a few studies assessed the 
prognostic value of the ER pattern (J point/ST-segment elevation with a typical ascending 
morphology and/or J wave with a notched morphology or with slurred QRS) in populations 
of athletes. Overall, a number of 3882 athletes were included in 5 studies, 1330 of whom 
(34.3%) had some evidence of ER pattern. No case of sudden death, as well as no increased 
risk of cardiovascular events, was reported in these studies.
Summary Our revision of population studies involving athletes in medical literature failed 
to find any apparent increase of the arrhythmic risk associated with ER/J wave, which, 
therefore, should be continued to be considered as benign findings on standard ECG.
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Opinion statement

While the “early repolarization” (ER) pattern has for 
many years be considered as a benign electrocardio-
graphic pattern, in recent years, some studies chal-
lenged this view by showing an increased rate of 
arrhythmic events, as well as cardiovascular events, 
associated with this pattern, in particular with promi-
nent J wave (either notched or slurred). The poten-
tial arrhythmogenic effect of ER/J wave pattern may 
raise even more concern in athletes, due the higher 

prevalence of the finding in these subjects compared to 
non-athlete subjects. The revision of population stud-
ies involving athletes in medical literature, however, 
fails to find any apparent increase of the arrhythmic 
risk associated with ER/J wave. Thus, the detection of 
typical ER pattern at standard ECG should be contin-
ued to be considered as a benign finding in athletes as 
in the general population.

Introduction

The “early repolarization” (ER) pattern at the electrocardiogram (ECG) was 
first described in 1935 and traditionally consists of J-point/ST-segment eleva-
tion (STE) with a typical concave ST morphology [1]. This finding is often 
associated with notching or slurring of the terminal part of the QRS complex 
(usually defined as notched/slurred J wave) and broad and upright T waves. 
ER is mainly recorded in mid-to-left precordial leads (from V2 to V5–V6), 
but it can be found also in inferior leads [2]. Furthermore, ER is more preva-
lent in young male subjects and black people and is favored by lower heart 
rates, while disappears during exercise and other conditions associated with 
decreased vagal activity and increased adrenergic activity [1–3].

The ER pattern has for a long time been considered a “normal variant” 
with a benign prognosis [1–5]. In 2008, however, Haissaguerre et al. chal-
lenged this view by reporting a higher rate of “ER” among 206 patients with 
cardiac arrest due to idiopathic ventricular fibrillation compared to 412 
healthy controls (31.3% vs. 5.1%, respectively; p < 0.001) [6]. Subsequently, 
other case–control studies reported increased rates of “ER” among patients 
with idiopathic ventricular fibrillation or sudden death compared to control 
groups, thus suggesting that the ER pattern could actually be associated with 
an increased risk of sudden death [7, 8].

Furthermore, some population studies confirmed the increased arrhyth-
mic risk associated with ER [9–12], also reporting an increased risk of total 
and cardiovascular mortality associated with ER [9, 13–16]. Thus, Tikkanen 
et al. in a population of 10,864 subjects, 630 of whom (5.8%) had the ER 
pattern, found that J-point elevation of ≥ 0.1 mV in inferior leads was associ-
ated with an increased risk of cardiac death (adjusted relative risk [RR], 1.28; 
95% confidence interval [CI], 1.04–1.59; p = 0.03) [9]. Notably, subjects with 
J-point elevation > 0.2 mV in inferior leads had a markedly elevated risk of 
both cardiac death (adjusted RR, 2.98; 95% CI, 1.85–4.92; p < 0.001) and 
arrhythmic death (adjusted RR, 2.92; 95% CI, 1.45–5.89; p = 0.01), despite 
this finding was present in 36 subjects (0.3%) only.

On the whole, population studies, however, often showed some dis-
cordant results. Some of them, indeed, suggested that the increased risk 
might actually be related to the presence of prominent J waves (either 
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notched or slurred) rather than the typical ST-segment elevation of ER 
[13–15]; others showed a significant association with clinical events of 
notched, but not slurred, J wave, and of inferior, rather than antero-lateral, 
J wave location [16]; others found a prognostic role for ER/J wave in sub-
groups of individuals only (e.g., women and white) [10, 17]. Several other 
studies, finally, failed to find any prognostic value for ER/J wave in appar-
ently healthy subjects [18–23]. All these discordant data left the question 
of the risk associated with ER/J wave in the population unresolved.

ECG definitions

One of the possible reasons for the heterogeneous results reported in 
medical literature may rely on the variability in the definition and diagno-
sis of ER on the ECG [24–26]. While the ER pattern considered a benign 
finding in routine ECG assessment has clearly been described and classi-
cally includes a typical ascending ST-segment elevation, the term ER was 
more recently used to indicate different ECG findings, mainly focused 
on prominent notched J wave and/or slurring of the terminal part of the 
QRS (slurred J wave), independently of ST elevation or even in presence 
of convex or horizontal ST elevation [27].

This led various authors to include in the “ER groups” subjects with very 
anomalous “J wave” and/or widening of QRS and/or ST segment changes, 
which might hardly been interpreted as a benign typical ER during routine 
ECG reading [27], as it appears from several ECGs included as examples of ER 
in articles reporting an association between “ER” and arrhythmic events [6–8].

A further potential bias, concerning population studies, is that the assess-
ment of ER pattern was done retrospectively, i.e., by knowing the clinical out-
come of subjects, although ECG tracings were usually reassessed in a blind way.

For this reason, we conducted a fully prospective long-term study of 
4,176 consecutive subjects without any apparent history of cardiovascular 
disease who underwent a routing ECG for a check-up or pre-operative 
assessment for non-cardiac surgery [28]. The ECGs were collected and 
analyzed on enrolment according to well pre-specified criteria finalized 
to identify the presence of an ER pattern and/or J wave. The diagnosis of 
“ER” had to include a typical J point/ST-segment elevation > 1 mm, with 
or without any J wave/QRS slurring in at least 2 contiguous inferior (DII-
DIII-aVF), limb lateral (DI-aVL), and/or left precordial  (V4–V6) leads. A 
“J wave” was diagnosed when the terminal part of the QRS (before the 
J point) showed a notch (notched J wave) or a widening (slurred QRS/J 
wave) ≥ 0.1 mV in at least 2 contiguous leads (Fig. 1).

In our study, no increase in all-cause or cardiovascular death was 
recorded both during an intermediate average follow-up of 6 years and 
after a longer term average follow-up of 10 years [29, 30•]. Importantly, 
only one case of sudden death was recorded in this population, occurring 
in a subject without any component of the ER/J wave pattern. Thus, our 
data suggest a poor arrhythmogenic potential for the ECG finding.
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Potential implication for sudden death of ER in athletes

Cardiac arrest/sudden death is a rare event in athletes, widely ranging in the 
medical literature from < 0.1 to 38 per 100,000 person-years, with a large 
higher prevalence in men compared to women [31, 32]. The occurrence of 
sudden death, however, is particularly dramatic in athletes, as it often occurs 
in young or adult people who apparently are in excellent clinical conditions.

Autopsy studies have shown that cardiac arrest/sudden death usually 
occurs in athletes with some evidence of structural heart abnormalities, which 
mainly include obstructive coronary artery disease in subjects older than 
35 years and hypertrophic or arrhythmogenic cardiomyopathy in younger 
subjects [33]. However, a subset of these subjects does not present any struc-
tural cardiac abnormality in the clinical history or at autopsy. In these sub-
jects, some form of cardiac ion channel disease or other electrical disorder is 
probably often involved, which might include the ER pattern.

The issue of the clinical implications of ER/J wave in athletes might be 
more relevant than in the general population; when considering that in sub-
jects performing sport activities or even engaging intense physical efforts, 
the pattern of ER/J wave is expected to be more frequently found at the  
ECG compared to untrained subjects. The higher parasympathetic tone and, 
therefore, the lower heart rate, typical of trained subjects, are indeed major 
determinants of the pattern [1–5, 28, 34]. Thus, if ER is a potential cause of 
arrhythmic events, the number of subjects at risk might be higher in trained  
individuals than in the general population.

The higher prevalence of ER pattern in athletes has been confirmed in 
a few studies directly comparing athletes with untrained healthy subjects. 
Bianco et al. [35] compared the ECGs of 155 male athletes (mean age 
30.9 years) and 50 sedentary male controls (mean age 25.3 years), reporting a 
typical ST-segment elevation of ER in 139 (89%) and 18 (36%; p = 0.025) sub-
jects, respectively. Claessen et al. [36•] assessed the presence of ER, defined as 

Fig. 1  Methods for measurement of ST-segment elevation and notched/slurred J wave.  (Used with permission of Elsevier, 
from Lanza GA et al. J Electrocardiol 2012;45:404-410, permission conveyed through Copyright Clearance Center, Inc.) [28].
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an end-QRS notch or slur with elevation of J point ≥ 0.1 mV, in 2090 athletes 
and 151 non-athlete subjects, reporting ER in 502 (24%) and 26 (17%) ath-
letes and controls, respectively (adjusted odds ratio 1.5; 95% CI 1.0–2.4). In 
a large retrospective study, Muramoto et al. [37] compared the ECG findings 
of 1114 multi-ethnic athletes (age 19.2 ± 1.6 years, 56.7% males) and 4041 
ambulatory older healthy subjects (age 57.3 ± 13.5, 89.9% males). Any ER 
pattern was more frequently found in athletes than controls, both in inferior 
leads (13.1 vs. 10.3%, respectively, p = 0.009) and lateral leads (24.7 vs. 8.8%, 
respectively, p < 0.001). McClean et al. [38] in a meta-analysis of studies com-
paring ECG findings of pediatric athletes and pediatric non-athletic controls 
reported an average prevalence of ER in 37.1% and 29.2% in the 2 groups, 
respectively. At variance with these studies, Brosnan et al. [39] reported a 
similar prevalence of ER pattern in 726 young Australian male athletes (mean 
age 20 years) compared to a slightly older group of 170 young untrained male 
controls (mean age 28 years). However, a lower heart rate (HR), together with 
non-Caucasian ethnicity, a higher QRS voltage, and a shorter QRS duration, 
was a significant predictor of ER on the ECG, suggesting that some selection 
bias might have precluded the evidence of a significant association of physical 
activity with ER in this study.

Notably, the importance of physical activity in the appearance of ER is also 
confirmed by the increased appearance of the ER pattern on the ECG after 
periods of training [40] and its frequent regression after periods of detrain-
ing [41].

Outcome studies of ER pattern in athletes

The possibility that the presence of ER/J wave at the ECG in athletes might 
be associated with SCD/CA was first suggested by Cappato et al. [42]. These 
authors analyzed the ECGs of 21 athletes (mean age, 27 ± 8 years; 76% men) 
recorded before or immediately after cardiac arrest or before sudden death 
and compared the results with the ECGs of 365 healthy control athletes (age 
28 ± 8 years; 90% males) eligible for competitive sport activities. The pres-
ence of a J wave (notched) in any lead, with or without QRS slurring or ST-
segment elevation, did not differ significantly between cases (10 patients, or 
47.6%) and controls (108 subjects, or 29.5%; p = 0.09). However, a J wave 
and/or QRS slurring together in inferior (II, III, aVF) and lateral leads (V4 to 
V6) were more frequently found in cases than control athletes (28.6% versus 
7.9%, p = 0.007). Furthermore, QRS slurring in any lead was also present in 
28.6% of cases but in only 7.6% of controls (p = 0.006). Interestingly, ST 
elevation in any lead was observed in 9.5% of cases only (n = 2) but in 21.6% 
of controls (n = 79; p = 0.27). Importantly, during a median follow-up period 
of 36 months, recurrences of VF/sustained ventricular tachycardia among  
the 19 cases resuscitated from cardiac arrest did not differ between patients 
with vs. those without J wave/QRS slurring, occurring in 5 out of 10 patients 
with and 8 out of 9 patients without J wave/QRS slurring.
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After this first case–control study, the prognostic role of ER/J wave in 
athletes was retrospectively assessed in some observational population stud-
ies. The main characteristics and results of these studies are summarized in 
Table 1. They, on the whole, involved 3882 athletes, 1330 (34.3%) of whom 
were found to have some evidence of ER pattern.

Noseworthy et al. [40] reported no cardiovascular events during an average 
follow-up of 21 months (range 7–50) in 879 athletes, 221 of whom (25.1%) 
had some type of ER pattern.

In the large retrospective study by Muramoto et al. [37], after a mean 
follow-up of 36 months in athletes and 7 years in ambulatory untrained 
subjects, no single component or combination of ER components, includ-
ing those often considered associated with the highest risk (such as J wave in 
inferior leads and/or horizontal/downsloping STE ≥ 0.1 mV) [43, 44], was 
associated with an increased risk of cardiovascular death (CVD).

Quattrini et al. [45] studied 704 highly trained healthy Italian athletes (age 
25 ± 5 years, 62% males). The ER pattern was defined as J wave and/or QRS slur-
ring, irrespective of ST elevation, and was found in 102 subjects (14,5%), with 
QRS slurring present in 32 (4% of the whole population). ST elevation was a 
frequent finding in this cohort, being found in 461 subjects (65.5%), and was 
more frequently found in subjects with compared to those without J wave/
QRS slurring (84 vs. 62%). Male sex, endurance sport, higher body surface area 
(BSA), Sokolow-Lyon criteria for left ventricular hypertrophy (LVH), lower HR, 
and presence of ST elevation were predictors of ER pattern (J wave/QRS slur-
ring). No adverse cardiovascular events were recorded during an average follow-
up of 6 years (maximum 18 years). J wave in this study showed also no asso-
ciation with ventricular arrhythmias detected at 24-h ECG Holter monitoring.

Serra-Grima et al. [41] performed clinical follow-up of 299 elite athletes (age 
20.2 ± 6.4 years, 65.9% males). An ER pattern at basal ECG was present in 94 
subjects (31.4%) and was located in inferior leads in 6 subjects (2%), in lateral 
leads in 54 (18,1%), and in infero-lateral leads in 34 (11.4%). Almost all subjects 
with ER (97.5%) showed J point elevation between 1 and 2 mm with upsloping 
ST elevation. Male sex, sinus bradycardia, Sokolow-Lyon criteria for LVH, and 
longer QRS duration were predictors of ER pattern. There were no deaths or car-
diac arrests during an average follow-up of 24 ± 7.6 years. In this study, the pres-
ence of ER at the ECG was reassessed at follow-up. Only 51 of 94 subjects with 
ER at baseline (54.3%) still showed ER at follow-up, while 12 subjects (5.9% of 
non-ER subjects at baseline) showed a de novo ER pattern at the follow-up ECG.

Halasz et al. [46•] prospectively enrolled 886 white healthy pediatric ath-
letes (age 11.7 ± 2.5 years, 72.5% male). Overall, an ER pattern was present in 
117 (13.2%) subjects and was located in infero-lateral leads in 63 (53,8%), 
in inferior leads only in 45 (38.5%), and in lateral leads only in 9 (7,7%). 
In this pediatric population, older age, lower HR, longer PR interval, shorter 
QRS duration, Sokolow-Lyon criteria for LVH, and increased precordial and 
limb R-wave voltages were predictors of ER pattern. No cardiovascular events, 
including arrhythmic events, occurred during an average follow-up of 4.2 years. 
Also in this study, the presence of ER at the ECG was reassessed at follow-up. 
ER persisted in 80.3% of ER subjects, although 28% of them showed a change 
in ER localization and/or J-wave morphology. A de novo ER at the ECG, on the 
other hand, was found at follow-up in 2.3% of non-ER subjects at baseline.
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Comments

The data available in medical literature indicate that the detection of the 
“ER pattern” at standard ECG is not associated with an increase of arrhyth-
mic risk, as well as of cardiovascular events, in athletic people.

When excluding the initial, small case–control study by Cappato et al., 
who suggested some prognostic implication for the ER pattern [42], no 
population study reported any evidence of an increase of arrhythmic 
events in athletes with, as compared to those without, the presence of an 
ER pattern at the ECG. No cases of arrhythmic events or sudden death, 
in fact, occurred in all available outcome studies of athlete populations, 
including, on the whole, 3882 athletes followed for a variable period of 
7 months to 32 years. The lack of any evidence of arrhythmic risk con-
cerned both the typical definition of ER, which includes the presence of 
an ascending ST-segment elevation, and the presence of notched J wave 
and/or slurred QRS at the ECG.

Of note, although in the study by Cappato et al., a diffused J wave and/
or QRS slurring, but not typical ST elevation, were more frequently found 
in athletes with sudden death/cardiac arrest than in control athletes, the 
recurrence of ventricular fibrillation was not predicted by any J wave/QRS 
slurring, thus questioning the increased arrhythmogenic risk associated 
with these ECG findings [42].

The lack of any evidence of increased arrhythmic risk in athletes with 
ER in population studies is in keeping with our recent prospective studies 
[29, 30•], as well as several retrospective population studies, of untrained 
subjects, that failed to find a significant prognostic implication of any 
ER pattern, both as far as arrhythmic events and global or cardiovascular 
mortality are concerned [18–23].

It should be observed, however, that the occurrence of fatal or life-
threatening arrhythmic events in athletes are very rare, whereas the num-
ber of subjects included in the published studies is limited compared 
to the wide population of athletes in the world. Thus, it is not possible 
to exclude that some residual increased risk, detectable only in studies 
including several hundred thousand athletes with adequate follow-up, 
might exist with some component of the ER pattern. However, available 
data strongly suggest that, if any, this risk would be so low that it might 
hardly have practical consequences in the assessment of the cardiovascular 
risk in athletes, particularly considering the significant prevalence that the 
various components of the ER pattern have in these subjects, as well as in 
the general population of healthy people.

Of note, the assessment of the predictive value of ER over long term 
follow-up times might be challenging when considering that a significant 
proportion of subjects may show changes or disappearance of the pattern 
over the time, while a small proportion may also show a new ER pattern 
on the ECG [41, 46•].
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Conclusions

In conclusion, the data available in medical literature consistently show that 
the ER pattern, in any of its components (J point/ST segment elevation, J 
wave, and slurred QRS), is not associated with any evidence of increased 
arrhythmic risk or worse clinical outcome and should therefore be considered 
a benign ECG finding in athletes.

Funding
Open access funding provided by Università Cattolica del Sacro Cuore within the CRUI-CARE Agreement.

Compliance with Ethical Standards

Conflict of Interest
Saverio Tremamunno declares no conflict of interest. Gaetano Antonio Lanza declares no conflict of interest.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

Open Access 
 This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the 
article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References and Recommended Reading

Papers of particular interest, published recently, have been 
highlighted as:  
• Of importance

 1. Shipley R, Hallaran W. The four lead electrocardi-
ogram in 200 normal men and women. Am Heart 
J. 1936;11:325–45.

 2. Goldman MJ. RS-T segment elevation in mid- and 
left precordial leads as a normal variant. Am Heart 
J. 1953;46:817–20.

 3. Baek YS, Park SD, Lee MJ, Kwon SW, Shin SH, 
Woo SI, Kwan J, Kim DH. Relationship between 
J waves and vagal activity in patients who do not 
have structural heart disease. Ann Noninvasive 
Electrocardiol. 2015;20:464–73.

569

http://creativecommons.org/licenses/by/4.0/


Curr Treat Options Cardio Med (2023) 25:561–571

 4. Wasserburger RH, Alt WJ. The normal RS-T 
segment elevation variant. Am J Cardiol. 
1961;8:184–92.

 5. Klatsky AL, Oehm R, Cooper RA, Udaltsova N, 
Armstrong MA. The early repolarization normal 
variant electrocardiogram: Correlates and conse-
quences. Am J Med. 2003;115:171–7.

 6. Haïssaguerre M, Derval N, Sacher F, Jesel L, 
Deisenhofer I, de Roy L, Pasquié JL, Nogami 
A, Babuty D, Yli-Mayry S, De Chillou C, Scanu 
P, Mabo P, Matsuo S, Probst V, Le Scouarnec 
S, Defaye P, Schlaepfer J, Rostock T, Lacroix D, 
Lamaison D, Lavergne T, Aizawa Y, Englund A, 
Anselme F, O’Neill M, Hocini M, Lim KT, Knecht 
S, Veenhuyzen GD, Bordachar P, Chauvin M, Jais 
P, Coureau G, Chene G, Klein GJ, Clémenty J. Sud-
den cardiac arrest associated with early repolariza-
tion. N Engl J Med. 2008;358:2016–23.

 7. Rosso R, Kogan E, Belhassen B, Rozovski U, Schein-
man MM, Zeltser D, Halkin A, Steinvil A, Heller 
K, Glikson M, Katz A, Viskin S. J-point elevation 
in survivors of primary ventricular fibrillation and 
matched control subjects: Incidence and clinical 
significance. J Am Coll Cardiol. 2008;52:1231–8.

 8. Merchant FM, Noseworthy PA, Weiner RB, Singh 
SM, Ruskin JN, Reddy VY. Ability of terminal QRS 
notching to distinguish benign from malignant 
electrocardiographic forms of early repolarization. 
Am J Cardiol. 2009;104:1402–6.

 9. Tikkanen JT, Anttonen O, Junttila MJ, Aro AL, Kerola 
T, Rissanen HA, Reunanen A, Huikuri HV. Long-term 
outcome associated with early repolarization on elec-
trocardiography. N Engl J Med. 2009;361:2529–37.

 10. Olson KA, Viera AJ, Soliman EZ, Crow RS, Rosamond 
WD. Long term prognosis associated with J-point 
elevation in a large middle-aged biracial cohort: the 
ARIC study. Eur Heart J. 2011;32:3098–106.

 11. Haruta D, Matsuo K, Tsuneto A, Ichimaru S, Hida 
A, Sera N, Imaizumi M, Nakashima E, Maemura 
K, Akahoshi M. Incidence and prognostic value of 
early repolarization pattern in the 12-lead electro-
cardiogram. Circulation. 2011;123:2931–7.

 12. Rollin A, Maury P, Bongard V, Sacher F, Delay M, 
Duparc A, Mondoly P, Carrié D, Ferrières J,  
Ruidavets JB. Prevalence, prognosis, and identifica-
tion of the malignant form of early repolarization 
pattern in a population-based study. Am J Cardiol. 
2012;110:1302–8.

 13. Hisamatsu T, Ohkubo T, Miura K, Yamamoto T, 
Fujiyoshi A, Miyagawa N, Kadota A, Takashima 
N, Nagasawa SY, Kita Y, Murakami Y, Okayama 
A, Horie M, Okamura T, Ueshima H; NIPPON 
DATA90 Research Group. Association between 
J‐point elevation and death from coronary artery 
disease - 15‐year follow up of the NIPPON 
DATA90. Circ J. 2013;77:1260–1266.

 14. Sinner MF, Reinhard W, Müller M, Beckmann BM, 
Martens E, Perz S, Pfeufer A, Winogradow J, Stark K, 
Meisinger C, Wichmann HE, Peters A, Riegger GA, 

Steinbeck G, Hengstenberg C, Kääb S. Association 
of early repolarization pattern on ECG with risk of 
cardiac and all-cause mortality: A population-based 
prospective cohort study (MONICA/KORA). PLoS 
Med. 2010;7:e1000314.

 15. Stavrakis S, Patel N, Te C, Golwala H, George A, 
Lozano P, Lazzara R. Development and valida-
tion of a prognostic index for risk stratification of 
patients with early repolarization. Ann Noninva-
sive Electrocardiol. 2012;17:361–71.

 16. Tikkanen JT, Junttila MJ, Anttonen O, Aro AL, Luttinen 
S, Kerola T, Sager SJ, Rissanen HA, Myerburg RJ, Reu-
nanen A, Huikuri HV. Early repolarization: Electro-
cardiographic phenotypes associated with favorable 
long-term outcome. Circulation. 2011;123:2666–73.

 17. Shulman E, Aagaard P, Kargoli F, Hoch E, Biase 
LD, Fisher J, Gross J, Kim S, Palma E, Ferrick KJ, 
Krumerman A. The prognostic value of early repo-
larization with ST-segment elevation by age and 
gender in the Hispanic population. Pacing Clin 
Electrophysiol. 2015;38:1396–404.

 18. O’Neal WT, Wang YG, Wu HT, Zhang ZM, Li Y, 
Tereshchenko LG, Estes EH, Daubechies I,  
Soliman EZ. Electrocardiographic J wave and 
cardiovascular outcomes in the general popula-
tion (from the atherosclerosis risk in communities 
study). Am J Cardiol. 2016;118:811–5.

 19. Aagaard P, Shulman E, Di Biase L, Fisher JD, Gross 
JN, Kargoli F, Kim SG, Palma EC, Ferrick KJ, Krumer-
man A. Prognostic value of automatically detected 
early repolarization. Am J Cardiol. 2014;114:1431–6.

 20. Ilkhanoff L, Soliman EZ, Prineas RJ, Walsh JA 3rd, 
Ning H, Liu K, Carr JJ, Jacobs DR Jr, Lloyd-Jones DM. 
Clinical characteristics and outcomes associated with 
the natural history of early repolarization in a young, 
biracial cohort followed to middle age: The Coronary 
Artery Risk Development in Young Adults (CARDIA) 
study. Circ Arrhythm Electrophysiol. 2014;7:392–9.

 21. Pargaonkar VS, Perez MV, Jindal A, Mathur MB, 
Myers J, Froelicher VF. Long-term prognosis of 
early repolarization with J-wave and QRS slur pat-
terns on the resting electrocardiogram: A cohort 
study. Ann Intern Med. 2015;163:747–55.

 22. Uberoi A, Jain NA, Perez M, Weinkopff A, Ashley 
E, Hadley D, Turakhia MP, Froelicher V. Early 
repolarization in an ambulatory clinical popula-
tion. Circulation. 2011;124:2208–14.

 23. Perez MV, Uberoi A, Jain NA, Ashley E, Turakhia 
MP, Froelicher V. The prognostic value of early 
repolarization with ST-segment elevation in Afri-
can Americans. Heart Rhythm. 2012;9:558–65.

 24. Surawicz B, Macfarlane PW. Inappropriate and 
confusing electrocardiographic terms: J-wave 
syndromes and early repolarization. J Am Coll 
Cardiol. 2011;57:1584–6.

 25. Lanza GA. The early repolarization pattern: What’s 
in the name? J Am Coll Cardiol. 2011;58:1829.

 26. Macfarlane PW, Antzelevitch C, Haissaguerre M, 
Huikuri HV, Potse M, Rosso R, Sacher F, Tikkanen JT, 

570



Curr Treat Options Cardio Med (2023) 25:561–571

Wellens H, Yan GX. The early repolarization pattern: A 
consensus paper. J Am Coll Cardiol. 2015;66:470–7.

 27. Patton KK, Ellinor PT, Ezekowitz M, Kowey P, 
Lubitz SA, Perez M, Piccini J, Turakhia M, Wang 
P, Viskin S. Electrocardiographic early repolariza-
tion: A scientific statement from the American 
Heart Association. Circulation. 2016;133:1520–9.

 28. Lanza GA, Mollo R, Cosenza A, Pinnacchio G, 
Careri G, Laurito M, Crea F. Prevalence and clini-
cal correlates of early repolarization and J wave 
in a large cohort of subjects without overt heart 
disease. J Electrocardiol. 2012;45:404–10.

 29. Lanza GA, Argirò A, Mollo R, De Vita A, Spera 
F, Golino M, Rota E, Filice M, Crea F. Six-year 
outcome of subjects without overt heart disease 
with an early repolarization/J wave electrocardio-
graphic pattern. Am J Cardiol. 2017;120:2073–7.

 30.• Lanza GA, Melita V, De Vita A, Bisignani A, Mollo 
R, Crea F. Long-term follow-up of subjects without 
overt heart disease with an early repolarization/J 
wave electrocardiographic pattern. Front Cardio-
vasc Med. 2022;9:831381. 

A totally prospective population study that addressed the 
prognostic value of ER in people free of cardiovascular 
disease, showing no increased risk related to ER/J wave.
 31. Lippi G, Favaloro EJ, Sanchis-Gomar F. Sudden 

cardiac and noncardiac death in sports: Epide-
miology, causes, pathogenesis, and prevention. 
Semin Thromb Hemost. 2018;44:780–6.

 32. Weizman O, Empana JP, Blom M, Tan HL, Jonsson 
M, Narayanan K, Ringh M, Marijon E, Jouven X; 
ESCAPE-NET investigators. Incidence of cardiac arrest 
during sports among women in the European Union. 
J Am Coll Cardiol 2023;81:1021–1031.

 33. Kim JH, Malhotra R, Chiampas G, d’Hemecourt P, 
Troyanos C, Cianca J, Smith RN, Wang TJ, Roberts 
WO, Thompson PD, Baggish AL; Race Associ-
ated Cardiac Arrest Event Registry (RACER) Study 
Group. Cardiac arrest during long-distance run-
ning races. N Engl J Med 2012;366:130–40.

 34. Aagaard P, Baranowski B, Aziz P, Phelan D. Early 
repolarization in athletes: A review. Circ Arrhythm 
Electrophysiol. 2016;9(3): e003577.

 35. Bianco M, Bria S, Gianfelici A, Sanna N, Palmieri 
V, Zeppilli P. Does early repolarization in the ath-
lete have analogies with the Brugada syndrome? 
Eur Heart J. 2001;22:504–10.

 36.• Claessen FMAP, Peeters HAP, Sorgdrager 
BJ, van Veldhoven PLJ. Early repolarisation 
among athletes. BMJ Open Sport Exerc Med. 
2020;6(1):e000694. 

A valuable article showing no increased arrhythmic and 
cardiovascular risk in athletes with the ER pattern at 
standard ECG.
 37. Muramoto D, Yong CM, Singh N, et al. Patterns 

and prognosis of all components of the J-wave 
pattern in multiethnic athletes and ambulatory 
patients. Am Heart J. 2014;167:259–66.

 38. McClean G, Riding NR, Ardern CL, Farooq A, Pieles 
GE, Watt V, Adamuz C, George KP, Oxborough D, 
Wilson MG. Electrical and structural adaptations of 
the paediatric athlete’s heart: A systematic review 
with meta-analysis. Br J Sports Med. 2018;5:230.

 39. Brosnan MJ, Kumar S, LaGerche A, et al. Early 
repolarization patterns associated with increased 
arrhythmic risk are common in young non- 
Caucasian Australian males and not influenced by 
athletic status. Heart Rhythm. 2015;12:1576–83.

 40. Noseworthy PA, Weiner R, Kim J, Keelara V, Wang 
F, Berkstresser B, Wood MJ, Wang TJ, Picard MH, 
Hutter AM Jr, Newton-Cheh C, Baggish AL. Early 
repolarization pattern in competitive athletes: 
Clinical correlates and the effects of exercise train-
ing. Circ Arrhythm Electrophysiol. 2011;4:432–40.

 41. Serra-Grima R, Doñate M, Álvarez-García 
J, et al. Long-term follow-up of early repo-
larization pattern in elite athletes. Am J Med. 
2015;128(192):e1-9.

 42. Cappato R, Furlanello F, Giovinazzo V, Infusino 
T, Lupo P, Pittalis M, Foresti S, De Ambroggi G, 
Ali H, Bianco E, Riccamboni R, Butera G, Ricci 
C, Ranucci M, Pelliccia A, De Ambroggi L. J 
wave, QRS slurring, and ST elevation in athletes 
with cardiac arrest in the absence of heart dis-
ease: Marker of risk or innocent bystander? Circ 
Arrhythm Electrophysiol. 2010;3:305–11.

 43. Kalla H, Yan GX, Marinchak R. Ventricular fibrilla-
tion in a patient with prominent J (Osborn) waves 
and ST segment elevation in the inferior electro-
cardiographic leads: A Brugada syndrome variant? 
J Cardiovasc Electrophysiol. 2000;11:95–8.

 44. Takagi M, Aihara N, Takaki H, et al. Clinical 
characteristics of patients with spontaneous or 
inducible ventricular fibrillation without appar-
ent heart disease presenting with J wave and ST 
segment elevation in inferior leads. J Cardiovasc 
Electrophysiol. 2000;11:844–8.

 45. Quattrini FM, Pelliccia A, Assorgi R, et al. Benign 
clinical significance of J-wave pattern (early 
repolarization) in highly trained athletes. Heart 
Rhythm. 2014;11:1974–82.

 46.• Halasz G, Cattaneo M, Piepoli M, et al. Early 
repolarization in pediatric athletes: A dynamic 
electrocardiographic pattern with benign progno-
sis. J Am Heart Assoc. 2021;10:e020776. 

A valuable article that addressed the prognostic value 
of ER in a population of pediatric athletes, showing no 
increased risk associated with the ECG pattern.

Publisher’s Note
Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional 
affiliations.

571


	Is Early Repolarization Syndrome a Risk for Sudden Cardiac Death in Young Athletes?
	Abstract
	Purpose of review 
	Recent findings 
	Summary 

	Opinion statement
	Introduction
	ECG definitions
	Potential implication for sudden death of ER in athletes
	Outcome studies of ER pattern in athletes
	Comments
	Conclusions
	References


