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Introduction 

Early repolarization represents one of the most puzzling conundrums of 

contemporary cardiology. 

For more than 70 years, Early Repolarization (ER) has been considered to be a 

common normal variant (1).  Population studies have demonstrated that its 

prevalence ranges between 5 and 13% in healthy subjects while in athletes rises 

from 20 to 90% (2). Nevertheless, from the latter half of the 1990s, a growing 

number of case reports, series, observational and retrospective studies reported 

that the presence of various electrocardiographic patterns attributed to early 

repolarization may constitute a potential marker of increased risk of sudden death 

in otherwise normal individuals, casting a dark shadow on this ECG peculiarity. 

In the last ten years, the interest towards early repolarization rose meaningfully 

among researchers, this being significantly enhanced by the input give from the 

seminal work by Haissaguerre et al published in the new England Journal of 

Medicine in 2008 (3). 

Nowadays, the clinical entity defined as Early Repolarization Syndrome (ERS) 

lacks definite and conclusive diagnostic criteria, nonetheless this entity has been 

grouped together with Brugada Syndrome in the so called “J wave syndromes”, a 

group of disorders sharing clinical manifestations, electrocardiographical 



5 
 
 

 

 

 

characteristics and with similar pathophysiologic mechanisms.  To better clarify 

this clinical entity, a first consensus document, derived from the expert meeting 

held in Shangai in 2015, reporting on both syndromes has been published on the 

official Journal of the European Heart Rhythm association in 2017 (4).  

Table 1 Shangai Criteria for the diagnosis of ERS 

 

 

 

 

 

 

 

 

 

 

Expert Consensus Recommendations on  Early Repolarization Syndrome (ERS) Diagnosis 

ER syndrome is diagnosed in the presence of J-point elevation ≥1 mm in ≥2 contiguous inferior 

and/or lateral leads of a standard 12-lead ECG in a patient resuscitated from otherwise 

unexplained VF/polymorphic VT 

ER syndrome can be diagnosed in an SCD victim with a negative autopsy and medical chart 

review with a previous ECG demonstrating J-point elevation ≥1 mm in ≥2 contiguous inferior 

and/or lateral leads of a standard 12-lead ECG 

ER pattern can be diagnosed in the presence of J-point elevation ≥1 mm in ≥2 contiguous 

inferior and/or lateral leads of a standard 12-lead ECG 
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Table 2. Proposed Shangai Score for the diagnosis of ERS 
Proposed Shanghai Score System for diagnosis of early repolarization syndrome 

 Points 

I. Clinical History  

a. Unexplained cardiac arrest, documented VF or polymorphic VT 3 

b. Suspected arrhythmic syncope 2 

c. Syncope of unclear mechanism/unclear etiology 1 

  

II. 12-lead ECG  

a. ER ≥0.2 mV in ≥2 inferior and/or lateral ECG leads with horizontal/descending 

ST segment 

2 

b. Dynamic changes in J-point elevation (≥0.1 mV) in ≥2 inferior and/or lateral 

ECG leads 

1.5 

c. ≥0.1 mVJ-point elevation in at least 2 inferior and/or lateral ECG leads 1 

  

III. ECG monitoring  

a. Short-coupled PVCs with R on ascending limb or peak of T wave 2 

  

IV. Family History  

a. Relative with definite ERS 2 

b. ≥2 first-degree relatives with a “IIa” ECG pattern 2 

c. First-degree relative with “IIa”  ECG pattern 1 

Unexplained sudden cardiac death <45 years in a first-or second-degree relative 0.5 

  

V. Genetic Test Result  

a. Probable pathogenic ERS susceptibility mutation 0.5 

  

Score (with at least 1 ECG finding): 

≥5 points: Probable/Definite ERS 

3-4.5 points: Possibile ERS 

<3 points: Non diagnostic 
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Historical background 

The electrocardiographic pattern defined as ER has been considered for a long 

time to be a common normal variant, since its first description by Shipley and 

Hallaran in 1936 (1). These authors described the common presence in medical 

students and young nurses’ ECGs of a terminal QRS slurring or notching, defined, 

respectively, as ‘a momentary retardation of string movement’ or ‘an actual 

change in direction of the string movement’ (Figure 1A of paper #1). In the same 

years, some patterns, subsequently associated to ERP due to their 

electrocardiographic appearance, were described. Following reports were 

relatively imprecise and inconsistent in describing the same ECG finding. In 1938, 

Tomaszewski presented the case of an accidently frozen man whose ECG 

demonstrated a very slowly inscribed deflection between the QRS complex and 

the earliest part of the ST segment, representing a J wave (5). In 1953, Osborn 

described a “current of injury” later named “the Osborn wave” in acidotic and 

hypothermic dogs at rectal temperatures < 25 °C (6). In 1961, Wasserburger et al. 

further defined ER as a 1-4 mm takeoff of the ST-segment at the end of the QRS 

complex, with a distinct notch or slur on the downslope of the R wave, in the mid 

to left precordial leads (7) (Figure 1B of paper #1). In 1977, Friedman et al. 

defined the early repolarization as a normal variant characterized by the presence 
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of a notch at the transition of the QRS complex into the ST segment, the latter 

with a concave upward displacement of 2 or even  3 mm  in  the  precordial  leads 

and,  occasionally,  in the peripheral leads and tall, broad-based and upright T 

waves (8) (Figure 1C of paper #1). In 1988, Schamroth used the term “early 

repolarization syndrome, vagotonia, the athlete’s heart” to indicate a common 

normal pattern characterized by the presence of a thickening or slurring of the 

terminal part of the QRS that may appear as a distinct notch or ‘hook’ on the distal 

limb of the QRS complex, associated with concave upward elevated ST segment, 

tall and symmetrical T waves and other minor characteristics (9) (Figure 1D of 

paper #1). 

The interest towards early repolarization was mainly oriented in differentiating 

this common, and possibly misleading pattern, from other conditions such as acute 

myocardial infarction, pericarditis, hyperkalemia or hypothermia sharing a ST 

segment displacement at ECG. Finally, a milestone  works confirmed the benign 

nature of the classical form of early repolarization pattern together with the 

characteristic features of a prevalent manifestation in male, black, young and 

physically active individuals (10,11) 
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Abnormal QRS–ST segment transitions as a possible marker of increased 

arrhythmic risk 

Few sporadic papers, published from mid 80’s, started to report cases of patients 

with idiopathic ventricular arrhythmias associated with uncommon morphologies 

of the QRS-ST junction. In 1984, Otto et al. (12) described the features of three 

young male immigrants from south-east Asia with idiopathic recurrent ventricular 

fibrillation occurred during the early hours of the morning. Their ECGs showed a 

broad slurring of the terminal portion of the QRS complex, that was interpreted as 

a possible sign of ischemia or intraventricular conduction defect. At 

electrophysiological testing, rapid polymorphous ventricular tachycardia was 

induced, not suppressed by procainamide infusion, whereas oral quinidine 

prevented the reinduction of ventricular arrhythmias. Some years later, Aizawa et 

al.(13) published a series of eight young Japanese patients with idiopathic 

ventricular fibrillation. Their ECGs were characterized by the presence of an 

unusual terminal QRS notching in the inferior and lateral leads. Authors 

highlighted as this  terminal notching became more marked in post-extrasystolic 

depolarizations. This phenomenon was attributed to a bradycardia-dependent 

intraventricular block (Fig. 2a of paper #1).  
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In 1998, Garg et al. (14) reported the case of an 18-year-old boy with family 

history of premature sudden death, who was resuscitated after an episode of 

idiopathic ventricular fibrillation. At ECG an abnormal low-amplitude terminal 

QRS deflection (labeled for the first time as ‘ J wave’) in the inferior (II, III, aVF) 

and anterolateral leads (V3–V6, I and aVL) (Fig. 2b of paper #1), that persisted on 

serial ECG tracings was evident. Neither intravenous procainamide nor oral 

atenolol could prevent the induction of the ventricular arrhythmias. Oral quinidine 

caused the disappearance of the abnormal J waves and prevented further induction 

of ventricular arrhythmias. 

Kalla et al. described in 2000  case of a 29-year-old Vietnamese patient 

resuscitated after a nocturnal episode of ventricular fibrillation (15). The 

electrocardiogram recorded a prominent J wave (labeled by the author Osborn 

wave, like the terminal QRS slurring commonly observed during hypothermia) 

with ST-segment elevation mainly evident in leads II, III, and aVF. Of note, the 

authors described dynamic changes of the ECG pattern observed at serial 

monitoring during hospitalization. The authors interpreted this 

electrocardiographic pattern as a Brugada syndrome variant (15). In the same year 

Takagi et al. (16) reported two cases of nocturnal idiopathic ventricular fibrillation 

and one case of nocturnal syncope with inducible ventricular fibrillation in 
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otherwise healthy young men. The ECGs were characterized by a terminal 

slurring of the QRS complex (labeled J wave) in the inferior leads. A 24-h ECG 

recording revealed infrequent or no PVCs in all three patients. Intravenous 

disopyramide increased ST-segment elevation in the inferior leads, whereas 

treadmill testing caused the ST-segment elevation to decrease or disappear at peak 

exercise. Also in this article, the similarities with the clinical and the dynamic 

electrocardiographic presentation of Brugada syndrome were highlighted (16). 

While from a clinical standpoint some initial clinical evidences supported the 

hypothesis that an  an abnormal QRS-ST transition might represents an 

electrocardiographic marker of increased arrhythmic susceptibility, initial in vitro 

tests confirmed that the transition between depolarization and repolarization is a 

crucial and potentially lethal phase of  ventricular activation. 

In 2000, Gussak and Antzelevitch analyzed the similarities between the early 

repolarization and the Brugada ECG pattern not only from a clinical but 

also from an mechanicistic perspective (17). The cellular mechanism proposed for 

the J-point and ST-segment elevation in both syndromes, derived from studies in 

hypothermic canine models with Osborn wave, is an Ito-mediated loss or 

reduction of the transmembrane voltage gradient during phase 2 of the myocardial 

action potential, leading to a transmural voltage gradient between the epicardial 



12 
 
 

 

 

 

and endocardial layers. As this could be a substrate for phase 2 reentry, the 

authors proposed the hypothetical possibility that early repolarization may not be 

as benign as generally believed particularly if associated with conditions 

characterized by an increased dispersion of refractoriness such as myocardial 

ischemia. 

This hypothesis, based on in-vitro studies, found its first clinical confirmation in 

2008, when three distinct groups leaded by Haïssaguerre et al, Nam et al and 

Rosso et al finally identified ER as a new arrhythmic disorder, describing a strong 

relationship between J-waves and many different forms of ventricular arrhythmias 

in the absence of known heart disease (3,18,19). 

Haissaguerre et al. published a case–control retrospective study that compared the 

electrocardiographic characteristics of 206 patients with idiopathic ventricular 

fibrillation with those of 412 controlled healthy individuals. In this work a new 

definition of early repolarization was proposed representing a turning point from 

previous classical descriptions. Haissaguerre et al. also adopted the definition of 

early repolarization as a J-point elevation more than 1 mm in inferior and/or 

lateral leads. No other ECG features were deemed necessary to identify the 

presence of ER at ECG, not even the morphology of the ST segment, the presence 

of a J wave or the morphology of the T wave. The prevalence of this redefined ER 

was significantly higher in cases with idiopathic ventricular fibrillation than in 

healthy matched controls (31% versus 5%, P<0.001). Moreover, cases showed a 

significantly higher J-point elevation that became even more evident in 



13 
 
 

 

 

 

concomitance of an arrhythmic event. Haissaguerre’s patients also were more 

frequently men, they had frequent arrhythmic events in the early hours of the 

morning and were protected from recurrences by oral quinidine. 

In the same year, Rosso et al. added to the complexity by defining the transition of 

the QRS-ST segment as ‘J-point  elevation  or  J  wave’,  when  a  positive notch 

was evident during the terminal portion of the QRS complex (Figure 2 A) or 

‘slurred’ when the R wave gradually  merged  into  the  ST  segment,  with upright 

concavity without a clearly evident J point (Figure 2 B of paper #1). The presence 

of a J-point elevation was confirmed to be more common in patients with 

idiopathic ventricular fibrillation than in young control individuals or athletes. The 

‘J-point elevation or J wave’, but not the morphology of the ST segment or the 

location of the J waves (anterolateral versus inferior leads), was  recognized as a 

possible marker of increased arrhythmic risk. 

Some recent large-scale retrospective and prospective studies have identified a 

particular sub-group of individuals with clinical (young, man) and ECG 

characteristics (a markedly anomalous transition of the QRS complex into the ST 

segment defined by a significant, dynamic J-point elevation in the inferior leads, 

occasionally associated with inverted T waves), that may be at increased risk for 

sudden death if compared with the general population. This risk has also estimated 

to be 3.4 of 100 000 in the normal population, 11 of 100 000 in participants with 
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J-point elevation and 34 of 100 000 in the presence of J-point elevation and 

horizontal ST segment (20). 

Cellular background 

The JWSs (BrS and ERS) are characterized by the presence of a prominent J 

wave. 

Some studies have shown that the J wave is related to a transmural voltage 

gradient caused by the manifestation of an action potential (AP) notch in 

epicardium, but not endocardium, due to a heterogeneous transmural distribution 

of Ito (21). An end of QRS notch, similar to a J wave, has been was proposed to 

be due to intraventricular conduction delays. The 2 ECG manifestations can be 

distinguished based on their response to rate, with the latter showing accentuation 

at faster rates (22). Differences between J wave and intraventricular conduction 

delay (IVCD)-mediated syndromes are summarized in Table 3. 

Table 3. Differential diagnosis of JWSs vs IVCD from Antzelevitch et al (4) 

 JWSs IVCD 

Male predominance Yes No 

Average age at clinical 

presentation 

Young adults Old adults 

Common morphology Dome-like appearance Sharp appearance 

Response to heart rate Bradycardia-dependent 

augmentation of J wave 

(+/- T-wave inversion)  

 Tachycardia-dependent 

augmentation of the notch  

 

Concomitant structural 

heart disease 

Rare Common (CAD) 
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When analyzing the cellular background of ERS, it is mandatory to consider the 

ERS as a part of JWS, so studying it together with BrS. 

Two principal electrophysiological mechanism have been formulated to explain 

the ECG and clinical manifestations of BrS: (1) the repolarization hypothesis, that 

asserts an outward shift in the balance of currents in RV epicardium, that can lead 

to repolarization abnormalities leading to development of phase 2 reentry, which 

generates closely coupled premature beats able to trigger VT/VF; and (2) the 

depolarization hypothesis, that suggests the presence of slow conduction area in 

the RVOT, secondary to fibrosis and reduced connexin 43 (Cx43), leading to 

discontinuities in conduction, plays a primary role in the development of the ECG 

and arrhythmic manifestations of the syndrome (23). The typical response of BrS 

to acceleration of rate is diminution of ST-segment elevation, opposite to that 

expected at a site of discontinuous conduction. The diminution of ST-segment 

elevation is consistent with the reduced availability of Ito at faster rates, due to 

slow recovery of the current from inactivation. 

These two theories are not mutually exclusive and could act together in the 

development of the clinical manifestations. 

The strongest evidence in support of the depolarization hypothesis derives from 

the observational studies showing that radiofrequency ablation (RFA) of 
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epicardial sites displaying late potentials and fractionated bipolar electrograms in 

the RVOT of patients with BrS, significantly reduced the arrhythmia vulnerability 

as well as the ECG manifestation of the syndrome (24). Similar results were 

reported by Brugada et al and by Sacher et al (25,26) who also observed in an 

isolated case that accentuation of the Brugada ECG by ajmaline was associated 

with an increased area of low-voltage and fragmented electrogram activity. A 

wider area of low-voltage activity was associated with a more prominent ST-

segment elevation. These authors concluded that the late potentials and 

fractionated electrogram activity are due to conduction delays within the 

RVOT/RV anterior wall and the ablation of the sites of slow conduction is the 

basis for the ameliorative effect of ablation therapy. 

Similarly to the mechanisms of BrS, an accentuation of transmural gradients in the 

LV wall are responsible for the repolarization abnormalities present in ERS, 

leading to J-point elevation, J wave or slurred QRS (27). This repolarization 

defect is accentuated by cholinergic agonists and reduced by quinidine, 

isoproterenol, cilostazol, and milrinone, accounting for the ability of these agents 

to reverse the repolarization abnormalities responsible for ERS (28). Higher 

intrinsic levels of Ito in the inferior LV were also shown to underlie the greater 

vulnerability of the inferior LV wall to VT/VF. 
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Conduction delay is known to give rise to notching of the QRS complex; when it 

occurs on the rising phase of the R wave, it is due to a conduction defect within 

the ventricle, when it occurs at the terminal portion of the QRS, thus 

masquerading as a J wave, it may be due to either a conduction defect or a 

repolarization defect (29). The response to prematurity or to an increase in rate 

can differentiate between the two (30). Delayed conduction becomes greater at 

faster heart rates or during premature beats, thus leading to accentuation of the 

QRS notch, whereas repolarization defects usually are mitigated, resulting in 

diminution of the J wave at faster rates.  

The prognostic value of a fragmented QRS has been demonstrated in BrS (31) but 

fragmentation of the QRS is not associated with increased risk in the absence of 

cardiac disease. The congruence between BrS and ERS with respect to clinical 

manifestations and response to therapy lends further support to the repolarization 

hypothesis.  

Genetic background 

An ERP has been shown to be familial (32) and associated with variants in 7 

different genes (Table 4). 
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Table 4. Genetic mutations associated with ERS 

Gene Defects Associated with ERS 

 Locus Gene/Protein Ion channel % of proband 

ERS1 12p11.23 KCNJ8, Kir6.1 ↑IK-ATP Rare 

ERS2 12p13.3 CACNA1C, 

Cav1.2 

↓ ICa 4.1% 

ERS3 10p12.33 CACNB2b, 

Cavß2b 

↓ ICa 8.3% 

ERS4 7q21.11 CACNA2D1, 

Cava2δ1 

↓ ICa 4.1% 

ERS5 12p12.1 ABCC9, SUR2A ↑IK-ATP Rare 

ERS6 3p21 SCN5A, Nav1.5 ↓ INa Rare 

ERS7 3p22.2 SCN10A, Nav1.8 ↓ INa Rare 

 

 According to the experimental evidence that activation of the IK-ATP current can 

generate an ERP in canine ventricular wedge preparations, variants in KCNJ8 and 

ABCC9, responsible for the poreforming and ATP-sensing subunits of the IK-

ATP channel, have been reported in patients with ERS (33). Loss-of-function 

variations in the α1, β2, and α2δ subunits of the cardiac L-type calcium channel 

(CACNA1C, CACNB2, CACNA2D1) and the α1 subunit of NaV1.5 and NaV1.8 

(SCN5A, SCN10A) have been also reported in patients with ERS (34,35). 

It is mandatory to specify that only a small fraction of identified genetic variants 

in the genes associated with JWSs have been studied using functional expression 

tests to assess causality and establish a probable contribution to pathogenesis, this 

knowledge in this field has to be considered as preliminary.  
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Therefore genetic testing in ERS is thus restricted to the research field since it 

does not have clear utility yet (36). 

 

Pathophysiology of ERS 

As in the case of Brugada syndrome, hypotheses to justify the presence of 

prominent J waves on ECG explored both repolarization as well as depolarization 

abnormalities. 

According to the classical theory explaining the ECG appeareance in Brugada 

syndrome, also for ERS the repolarization hypothesis asserts that J waves might 

be associated with an increased transmural heterogeneity of ventricular 

repolarization which might increase the vulnerability to VF (37) 

Repolarizing gradients across diffent layers of the left ventricular wall might be 

due to the presence of increased outward currents (mediated either by Ito, IK-Ach 

or IK-ATP), or a decreased inward depolarizing currents (thus implying a role for 

INa or ICaL). This repolarization defect is accentuated by cholinergic agonists and 

reduced by quinidine, isoproterenol, cilostazol, and milrinone, accounting for the 

ability of these agents to reverse the repolarization abnormalities responsible for 

ERS (38). Higher intrinsic levels of Ito in the inferior LV were also shown to 

underlie the greater vulnerability of the inferior LV wall to VT/VF. 
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On the other hand, the depolarization hypothesis suggests  that the presence of a 

delayed conduction of ventricular depolarization might be the cellular mechanism 

at the base the disease. This hypothesis originated by the evidence that in a small 

serie of patients with idiopathic ventricular fibrillation and ERS evidence of late 

potential was significantly greater than in patients without ER (39). Nonetheless, 

in the original observation of Haisaguerre and coauthors, the prevalence of late 

potentials in patients with resuscitated IVF was similar in those with and without 

ERS, somehow disconfirming this hypothesis. Moreover, the typical response of 

BrS and ERs to rise in heart rate is the diminution of ST-segment elevation, 

opposite to that expected at a site of discontinuous conduction. The diminution of 

ST-segment elevation is consistent with the reduced availability of Ito at the faster 

rate, due to slow recovery of the current from inactivation. 

The congruence between BrS and ERS with respect to clinical manifestations and 

response to therapy lends further support to the repolarization hypothesis. 

 

Risk stratification 

Great efforts have been devoted by several groups in the evaluation of clinical and 

electrocardiographic markers of increased arrhythmic risk in patients with early 

repolarization. Nonetheless, identification of otherwise healthy subjects with a 
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clear increased risk of arrhythmic episodes according to certain ECG features still 

represents a dilemma. 

The incidental discovery of a J wave on routine ECG should not be interpreted as 

a marker of increased risk of sudden cardiac death. In fact, even in the 

subpopulation of subjects with J waves at ECG, this remains an extremely rare 

phenomenon, being the odds for a fatal event estimated to be 11:100000 as 

compared to 3.4:1000000 in the general population without J wave (20). 

Nonetheless, according to data derived from case control and prospective studies 

several ECG characteristics might be associated with increased likelihoods of 

idiopathic ventricular fibrillation, cardiac deaths or total mortality. 

While the seminal case control study by Haissaguerre and colleagues recognized 

the presence of any J point elevation ≥1mV as being associated with a 10.9 hazard 

ratio of idiopathic ventricular fibrillation, subsequent analyses pointed out several 

other associated characteristics that might furtherly stratify the arrhythmic risk. 

Initially, the works by Rosso et al identified the presence of J point elevation in 

the inferior and lateral (I/aVL) leads as being significantly associated with an 

increased risk of arrhythmic events. Interestingly, the presence of J point elevation 

in the precordial lateral leads (V4-V6) was not associated with an increased 

arrhythmic risk (19). Subsequently, Cappato et al., while confirming the 
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observations made by Rosso, pointed out that the morphology of the J wave might 

have played a role in risk stratification (40). The presence of a QRS slurring in 

any lead was in fact associated with a statistically significant risk of arrhythmic 

events as compared to other morphologies.  

The two large, prospective population studies published by Tikkanen et al in 2009 

and 2011 proposed two additional electrocardiographic markers able to risk 

stratify patients. First the height of the J point (as defined as a J point elevation ≥2 

mm in the inferior leads), then the presence of a horizontal/descending ST 

segment were both demonstrated to be significantly associated respectively with 

arrhythmic death or sudden death (41,42). 

The large prospective population based study published by Rollin et al in 2012, 

while confirming the role of an horizontal-descending ST segment,  recognized 

the presence of a notched J wave as significantly associated to the risk of total and 

cardiovascular mortality (Odds ratio 3.11 95% CI:1.72-5.6; p=0.001 and 8.32 95% 

CI: 3.32-20.8 p=0.001, respectively) (43). 

It is worth to mention that the aforementioned ECG criteria seems to predict 

potentially lethal events in caucasian, while their presence doesn’t seem to play a 

significant role in black individuals (44,45). No additive role have been 
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recognized by other tools, in particular pprogrammed ventricular stimulation 

hasn’t shown any role in risk stratifying ERP patients (46).  

Patient management 

Current evidences do not support any kind of warning, limitation or treatment to 

healthy individuals with any kind of early repolarization pattern, even those 

considered to be at high risk of arrhythmic events. Clinical follow up is 

nonetheless warranted by current guidelines (47). Accordingly, in those 

asymptomatic subjects with high risk ECG patterns (prominent J waves, 

horizontal ST segment, high dynamicity) and strong family history of unexplained 

sudden death at young age, prophylactic implant of an cardioverter defibrillator 

might be considered after weighting the risks associated with the implant (47).    

Paradoxically, the treatment of patients who survived an episode of idiopathic 

ventricular fibrillation and in whom the only alteration discovered with a 

multimodality approach is the presence of a J-point elevation is somehow easier 

than the management of more ambiguous situations. 

After an episode of successfully resuscitated idiopathic ventricular fibrillation or 

episodes of ventricular arrhythmias/electrical storms an implantable cardioverter 

device is indicated (Class I indication). In case of arrhythmia recurrences, to 

reduce the number of appropriate shocks, therapy with ora quinidine or cilostazol 
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has shown to be effective. Some initial evidences in small series support the use of 

intravenous isoproterenol infusion in the management of patients presenting with 

arrhythmic storms. Adrenaline also showed to be effective in two patients whereas 

procainamide, lidocaine, verapamil, amiodarone, nifekalant, dofetilide, b-blockers, 

and magnesium sulfate failed to control recurrent arrhythmic episodes (48). 

The management of those patients with other symptoms such as syncope, seizure, 

nocturnal agonal respiration or palpitations with ECG evidence of an early 

repolarization pattern should start from a careful personal and family history 

taking, to rule out/in the presence of a familial predisposition to sudden cardiac 

death. No common protocols exists on how to manage those patients. While 

current guidelines drive the choice on the estimated probability of arrhythmic 

origin of symptoms, our approach is to obtain at index evaluation a good quality 

12-lead ECG with standard leads position and with V1–V2 in the second 

intercostal space and a 24-h Holter ECG monitoring (preferentially a 12-lead 

recording). In those cases with recurrent episodes, implant of a loop recorder 

could be considered to obtain a definite diagnosis, with ICD implant considered 

only as a second option (Class IIb in current ESC guidelines). 
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Aim of the study 

The present research project started back in 2012 after a dramatic event. 

During that year, the seminal work of Haissaguerre, followed by the reports by 

Rosso and Tikkanen were the only  initial and somehow cryptical evidences about 

the potential malignant role of early repolarization pattern. The cardiological 

community was puzzled by the contradiction between the traditional benignity of 

this electrocardiographic pattern, its common presence in active, otherwise healthy 

individuals and the findings of the aforementioned original reports. 

While the academic discussion went on,  the Italian public opinion was shocked 

by the sudden death of a professional athlete,  Piermario Morosini (July the 5
th

  

1986 –  April the 14
th
  2012), occurred during a professional football match. 

Even if the post-mortem examination proposed an alternative cause for his death, 

this dramatic event gave us the input to our group to get involved in this research 

field with the aim in clarifying the role of Early Repolarization, with three 

particular focuses: 

 Clarify the historical evolution of early repolarization from the initial 

description to the renewed definitions. 

 Investigate the prevalence of J point elevation, its clinical, 

electrocardiographic and echocardiographic characteristics in a population 
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of elite soccer players, to search for correlations with the classical 

structural and electrocardiographic features of the athlete’s heart and to 

describe the outcome at long-term follow-up. 

 Investigate whether additional electrocardiographic markers, beside J point 

elevation, its localization, the morphology of the ST segment might help in 

risk stratifying patients. In particular amplitude of J waves by measuring 

slope and duration were evaluated as markers of increased arrhythmic risk. 

Those three focuses have been in depth analysed in three different papers 

published in peer reviewed journals: 

1) Biasco L, Cristoforetti Y, De Backer O, Castagno D, Giustetto C, Orzan F, 

Gaita F. Early repolarization: an evolving concept for the past 70 years. J 

Cardiovasc Med. 2016;17:4-10. doi:10.2459/JCM.0000000000000276. 

2) Biasco L, Cristoforetti Y, Castagno D, Giustetto C, Astegiano P, Ganzit G, 

Gribaudo CG, Gaita F. Clinical, electrocardiographic, echocardiographic 

characteristics and long-term follow-up of elite soccer players with J-point 

elevation. Circ Arrhythm Electrophysiol. 2013;6:1178-84. 

3) Cristoforetti Y, Biasco L, Giustetto C, De Backer O, Castagno D, 

Astegiano P,  Ganzit G, Gribaudo CG, Moccetti M, Gaita F. J-wave 
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Discussion 

Early repolarization still represents one of the most puzzling conundrums 

in clinical cardiology. Despite great efforts made by researcher aiming at 

clarifying the clinical characteristics, electrocardiographic features and 

pathophysiological mechanism behind this entity, few certainties and 

significant shadows casts over physicians while trying to make sense out 

of this. Both ESC guidelines on the management of patients with 

ventricular arrhythmias and the prevention of sudden cardiac death (47) as 

well as the recent expert consensus (4) clearly states that several gaps in 

current knowledge still represents the main obstacle in the complete 

understanding of this phenomenon. 

The main gaps in the knowledge are represented by the lack of validated 

diagnostic criteria (4), a clear explanation of the cellular mechanism 

behind both ECG manifestations and arrhythmogenesis as well as clear 

indications for the management of asymptomatic subjects. 



51 
 
 

 

 

 

In this light, the works presented in the present doctoral dissertation might 

represent a contribution, probably limited in terms of quantity of 

informations and pubblications, but certainly clear in terms of messages, 

that can contribute on the discussion on this topic. 

With the paper #1, our aim was to achieve an in depth analysis of the 

evolution of the concept of early repolarization, from the original 

description of Shipley and Hallaran (1), to the more contemporary 

analysis. 

The main message that arose from this historical analysis is that the 

traditional early repolarization, characterized from an 

electrocardiographical perspective as an elevation of the J point associated 

with a concave upward ST segment elevation is intrinsically different from 

that shown in the ECGs published by Haissaguerre et al (4). This original 

misunderstanding about terminology, was the main responsible for the 

great confusion that rose after the seminal publication in 2008. The 

original aspect, shared with other opinion leaders in the field (49), of our 
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first paper presented in the present dissertation is to have recognized and 

stressed that the term Early Repolarization was clearly used 

inappropriately when referring to several different abnormalities of the 

QRS-ST transition evident in patients with ventricular arrhythmias in 

otherwise healthy hearts. 

Starting from this consideration and favoured by the collaboration with the 

Turin Institute of Sport Medicine, we aimed at evaluating whether  Early 

Repolarization observed in competitive athletes  was somehow linked to 

structural changes associated with the athlete’s heart or, on the other hand, 

an electrocardiographic marker of a mere electrophysiological 

phenomenon. In addition, having the possibility of a retrospective analysis 

with long term follow up, if J-point elevation really implied an ominous 

prognosis in competitive athletes. 

The original data presented in paper #2 clearly demonstrated that some 

peculiar, and still unknown aspects of  early repolarization in elite 

athletets. 
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Despite the common believe that ER was a marker of increased aerobic 

performance, our data clearly demonstrated that in elite athletes, exercise 

capacity and maximal aerobic capacity did not significantly differ between 

athletes with and without J-point elevation. Moreover, the combined 

presence of J-point elevation, slurred J wave, and horizontal/descending 

ST segment in the inferior leads recognized in the general population as a 

possible marker of arrhythmic risk was rare, being manifest only in 4 

(1.2%) athletes. In addition, our data demonstrated that subjects with 

notched, slurred J waves, and ER without J wave showed a progressive 

lengthening of the QRS complex duration. This might imply that both the 

morphology of the J wave at ECG as well as its presence might in part be 

related to the presence of a shorter vs longer QRS duration. A short QRS 

will in fact uncover the presence of a J wave, while the longer the QRS the 

higher the probability for a J wave to be buried into the terminal phase of 

the ventricular depolarization.  

One of the prominent aspects of paper #2 was in fact the recognition of the 

correlation between a mild form of LV hypertrophy with Early 
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repolarization. This original finding highlights how exercise-induced LV, a 

known cornerstone of the athlete’s heart, could represent the potential 

structural basis for J-point elevation at surface ECG.  

Finally, the long term follow up available, even if probably underpowered 

to finally assess the prognostic impact of this ECG feature, at least 

reassured on the intrinsic benignity of this ECG feature in athletes. 

The possibility of analysing the published ECG of patients with idiopathic 

ventricular arrhythmias  deemed related to ER as well as the ECG of elite 

athletes with ER lead us to the conviction that the two phenomena were 

intrinsically different and that a careful analysis of the ECG, performed 

through innovative tools, might have had a role in differentiating between 

a benign and a malignant form of ER. 

This was the hypothesis that guided the development of paper #3 presented 

in the present dissertation. After careful comparison between the group of 

patients with episodes of idiopathic ventricular fibrillation and ECG 

evidence of J-point elevation associated with J wave who were commonly 
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accepted and referenced in contemporary works as patients with ER 

syndrome and the tracings derived from elite athletes analysed in paper #2, 

we demonstrated that the malignant form is characterized by a slow and 

delayed J wave as compared with healthy controls, representing a new 

potential tool to discriminate between those two entities.  

Despite several achievement obtained during development of the present 

research, several limitation should be mentioned:  

As a first, the population included in paper #2 is definitely too small to 

draw definite conclusions on the real prognostic impact of J-point 

elevation in athletes. Moreover, while being fascinating from an clinical 

and cellular perspective,  the hypothesis proposed in paper #3 

was only derived but not yet validated in an independent 

large volume population. 

Conclusions 

In summary, few final conclusions can be drawn from the present research: 
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- Traditional early repolarization and the newly defined early 

repolarization syndromes are clearly two distinct entities with 

different clinical, ecg, and prognostic characteristics. 

- Early repolarization in elite athletes is common and possibly related 

to a mild form of left ventricular hypertrophy, one of the 

cornerstones of athlete heart. The ECG features associated with an 

increased arrhythmic risk in the general population is rare in 

atheletes. Long term follow up reassures on the traditional benignity 

reported in active individuals. 

- Beside the presence of a prominent J wave elevation associated with 

a notched J wave in the inferior leads as well as an 

horizontal/descending ST segment, the presence of a delayed and 

Jwave, marker of a transmural dispersion of repolarization, may 

represent a new discriminant able to distinguish between benign and 

malignant ER. 
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