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Early repolarization (ER) has been a matter of heated 
debate since its first description. Theories regarding its 
relevance range from an innocuous finding in healthy 
young subjects to its association with life-threatening 
ventricular tachyarrhythmias (VTA/ventricular fibrilla-
tion [VF]), both in patients with and without structural 
heart disease (including patients with coronary artery dis-
ease) [1–5]. A proposed mechanism for the ER pattern is 
an imbalance in the ion channel system, resulting in vari-
able refractoriness of multiple myocardial regions and 
varying excitability in the myocardium [2, 3]. This can 
produce a voltage gradient between myocardial regions, 
which is believed to cause the major hallmarks of the ER 
pattern; i.e., ST-segment elevation and QRS notching or 
slurring.

Although for the most part, the ER pattern is globally 
accepted as a marker of risk, several doubts and method-
ological concerns have surrounded the supporting data. 
Importantly, the exact definition of ER has varied accord-
ing to different investigators. In the seminal study by 
Haïssaguerre et al. [3], ER was defined as an elevation of 
the QRS-ST-segment junction (J-point) in at least 2 leads, 
within the same territory, with the amplitude of the J-
point elevation equal to at least 0.1 mV above the baseline 
level, as either QRS slurring or notching. Importantly, the 

amplitude and slope of the ST-segment were not part of 
the definition. In subsequent studies, Tikkanen et al. [4, 
5] incorporated the degree of so-called J-point elevation, 
which was stratified at levels of 0.1 and 0.2 mV. Moreover, 
they took into account the ST-segment slope, showing 
that a horizontal or downward sloping ST-segment was 
associated with a greater arrhythmic risk [5]. Thus, there 
has been considerable variation in the definition of ER, as 
well as some controversy regarding the term itself. This 
has led to some divisive results and nonuniform method-
ology. Despite this crucial methodological limitation, the 
phenomenon remains a matter of interest as a promising 
risk factor for predicting arrhythmic risk, at least in the 
setting of patients with structural heart disease (in addi-
tion to the degree of left ventricular dysfunction and Kil-
lip class).

In the pursuit of more precise patient categorization, 
the present meta-analysis by Xu et al. [6] attempts to in-
vestigate the relationship between the ER pattern – and 
importantly, its detailed characteristics – and the inci-
dence of VTAs in patients with acute myocardial infarc-
tion (AMI). Ten studies (out of an initial search of 476 
potentially relevant studies) with a cumulative total of 
2,672 participants were included in the final analysis. All 
studies but one involved a sample size that was ≥100. The 
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mean age of the participants in the ten studies ranged 
from 48.4 to 69 years. Four studies only recruited patients 
after onset of ST elevation myocardial infarction, and sev-
en studies included patients who underwent percutane-
ous coronary intervention.

The analysis raises several important conclusions. First 
of all, the meta-analysis showed that ER on electrocardio-
gram correctly predicts VTAs in patients after onset of 
AMI, irrespective of the type of AMI. Notably, although 
the amplitudes of J-point elevation were divergent and 
ranged from 0.5 to 2.0 mv, J-point elevation did not po-
tentiate the risk of VTAs in patients with AMI. With re-
gard to the J-point elevation, there is considerable varia-
tion in the use of the term J-point. For many cardiologists, 
this is taken as the onset of the ST-segment [7], which may 
equate with the termination of an end-QRS notch, where-
as others use the term for the peak [1, 2] or the onset of an 
end-QRS notch [8]. The majority of publications at the 
present time [1–3] adopt the amplitude of J peak (Jp). This 
has led to the elaboration of a consensus document that 
suggests that the following terminology should be used 
[8]: (1) J onset (Jo) should denote the onset of a notch; (2) 
(Jp) should denote the peak of a notch or onset of a slur; 
and (3) J termination (Jt) should denote the end of a notch 
or slur. This precise new terminology is not analyzed in 
the papers constituting the meta-analysis due to lack of 
specification in the included studies. Consequently, the 
conclusions of the analysis will have to be reconfirmed 
and adapted to the new terminology in successive studies.

Authors of included papers also analyzed the role of 
ER in the lateral lead location. These additional findings 
are important in guiding clinicians on the precise electro-
cardiogram leads that should be incorporated into future 
prognostic algorithms. This stems from the pathophysi-
ological mechanism underlying the arrhythmogenic role 
of the ER pattern. As aforementioned, the EP pattern re-
flects a distinct action potential notch mediated by tran-
sient outward potassium current (mediated by the Ito, 
IK-ATP, and IK-Ach channels) that produces transmural 
electrical heterogeneity between the endocardium and 
the epicardium during early ventricular repolarization. 
The repolarization dispersion enlarged by this heteroge-
neity could lead to phase 2 re-entry capable of initiating 
VF [9–12]. Remarkably, the present study reports an in-
creased risk in patients with inferior ER but not for those 
with lateral ER (although as stated in the study, the indi-
vidual leads that constituted lateral leads were slightly dif-
ferent). As the authors postulated, this finding may result 
from the greater predominance of Ito current in the right 
ventricular epicardium [6, 13]. Conversely, in the analysis 

by Xu at al. [6], ER predicted VTAs irrespective of the lo-
cation of AMI pointing towards a global phenomenon 
more than location-specific ramifications. Theoretically, 
patients who had a myocardial infarction have scar tissue 
in the myocardium that could become a substrate for ven-
tricular tachycardia [13]. A reasonable assumption is that 
phase 2 re-entry and scar tissue play an important role in 
the development of sustained VT/VF as the trigger and 
substrate, respectively, resulting in the higher prevalence 
of VT/VF in the setting of AMI in patients with ER than 
in those without.

The study by Xu et al. [6] raises another important 
conclusion. It is conceivable to reason that the ER pattern 
could be affected by an ongoing AMI, which adulterates 
its predictive role. However, the prognostic value of ER 
presence in predicting VTA was even higher before the 
occurrence of AMI (OR 5.58, 95% CI 3.41–9.12) than af-
ter (OR 3.02, 95% CI 2.19–4.15). Moreover, authors re-
port significantly higher predictive values in the short fol-
low-up period (defined as < 30 days) as compared with the 
long follow-up duration (≥30 days). ER may sequentially 
appear and disappear during clinical follow-up [14]. As 
such, further investigations should describe the precise 
timing of pattern appearance. Accordingly, it might be 
that discrepancies observed in previous studies could be 
due to different detection windows.

There are several important limitations that need to be 
outlined. As the author pointed out, the use of β-blockers 
and statins was relatively low for the cohort given existing 
guidelines for post-AMI management. Moreover, the rate 
of percutaneous coronary intervention was unacceptably 
low in two of the studies (46.5% [15] and 51.6% [16]) and 
also, anti-arrhythmic drug use was not taken into account 
at the time of the analyses. These facts undoubtedly might 
have affected the incidence of VT/VF or sudden death oc-
currence and could be vastly different at the present time 
of early reperfusion strategy and optimal medical treat-
ment. Moreover, the conclusions of the present study 
need to be analyzed by the limitations intrinsic to meta-
analysis: the poor quality of some included studies (al-
though 9 out of the 10 studies included in the study by Xu 
et al. [6] were considered high quality, and only one study 
was considered moderate quality), the heterogeneity be-
tween studies included, and the failure to address publica-
tion bias. Importantly meta-analyses are limited by the 
chosen subgroup analysis within their included studies. 
For instance, in the present analysis, only 3 out of 10 stud-
ies analyzed employed sustained VF as an endpoint event, 
whereas other studies utilized a more generic endpoint 
defined as “VTAs.”
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Despite these limitations, the authors should be com-
mended for undertaking such an exhaustive and compre-
hensive analysis. The current study adds useful informa-
tion to our collective knowledge base and reinforces the 
findings of previous analyses of ER. We agree with the 
authors that more studies, preferably prospective ones, 
are now required to provide definitive evidence relating 

to the prognostic significance of ER in patients with AMI. 
For the time being, the present study supposes a step for-
ward.
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