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ABSTRACT
Introduction: Idiopathic ventricular tachycardia and ventricular fibrillation, as causes of sudden cardiac death, are entities with 

mechanisms poorly studied and understood to date. The electrocardiogram (ECG) is a simple tool, but with great diagnostic and 

prognostic value, which has allowed the identification of certain markers associated with increased risk of development of malignant 

ventricular arrhythmias and sudden cardiac death. Methods: To identify the electrocardiographic markers related to the risk of 

developing idiopathic malignant ventricular arrhythmias, a review of the literature was performed, looking for the most recent articles 

with the greatest scientific impact on the topic. Outcome: Although the number of studies published to date is scarce, the published 

evidence has shown three electrocardiographic risk markers that have emerged in recent years and which have been related to the 

development of idiopathic malignant ventricular arrhythmias: the early repolarization (ER) pattern, QRS fragmentation (QRSF) and the 

Tpeak-Tend (Tp-Te) interval. The ECG marker that has shown most evidence to date is the pattern of ER, as a cause of changes in both 

ventricular depolarization and repolarization. The QRSF and the Tp-Te interval have also been related to the development of idiopathic 

ventricular arrhythmias, although with less evidence in this regard. Conclusion: In the last years, three electrocardiographic markers 

have appeared as variables related to the development of malignant ventricular arrhythmias, as is the case of ER, QRSF and Tp-Te 

interval. However, evidence is scarce in this specific patient profile and further randomized clinical trials are necessary to demonstrate 

its true relationship and usefulness. 
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INTRODUCTION

Ventricular arrhythmias, whether ventricular tachycardia (VT) or ventricular fibrillation (VF), are called idiopathic 
when clinical investigations, including imaging studies, are negative for heart disease in a patient who survives this 
arrhythmic episode. Some series have shown that in up to 14% of patients who suffered an episode of VF, the cause 
of the arrhythmic event was not detected1. Every patient who survives an episode of idiopathic VF has an indication 
for implantable cardioverter-defibrillator (ICD) as a secondary prevention2. Catheter ablation should be considered 
in cases where a ventricular extrasystole is identified as a trigger for arrhythmic events3,4, probably as an indicator of 
Purkinje system disease5.

The twelve-lead electrocardiogram is a simple tool, but with great diagnostic and prognostic value in patients 
with idiopathic ventricular arrhythmias. Several electrocardiographic signs compatible with an increased risk of 
arrhythmic events and sudden death have been described. In addition to the already known risk factors, such as 
the QT interval and electrical alternation of the T wave, there are other electrocardiographic markers that have 
been poorly studied.

Early repolarization
Patients with aborted cardiac arrest and with no detectable cause have a higher prevalence of the electrocardiographic 

pattern of early repolarization (ER) in the inferolateral derivations. There is a clear relationship between the number 
of leads with ER on the electrocardiogram (ECG) and the risk of developing VF6. However, the electrocardiographic 
pattern of ER should be considered a normal variant in young and healthy people, especially men and athletes. Only 
patients who, in addition to the ER pattern, present syncope or aborted cardiac arrest, should be evaluated7. 

The diagnostic criteria for the electrocardiographic pattern of the ER are: elevation of the J point greater than or 
equal to 0.1 mV in at least two leads, terminal part of the QRS with notching or slurring morphology and QRS duration 
less than 120 ms8. Antzelevitch9 divides the ER pattern into 3 types: 

• �Type 1: when the ER manifests exclusively in lateral precordials, it is related to low arrhythmic risk and is 
predominant in male athletes;

• �Type 2: when the ER pattern manifests itself in inferior or inferolateral leads, it is related to moderate arrhythmic 
risk; and

• �Type 3: when the ER pattern manifests itself in inferior, lateral and right precordial leads; this type is the one with 
the highest arrhythmic risk.

Kamakura et al.10. described that the latter is the type that presents a higher risk of recurrence of VF after a 
first arrhythmic event, even greater than Brugada syndrome11. The main difference between Brugada syndrome and 
ER syndrome is the affected cardiac region, which in the case of Brugada Sd. is the right ventricle (RV) outflow 
tract and in the ER Sd. is the lower region of the left ventricle (LV )9. Tikkanen et al.12.  described that those 
patients with ER pattern in whom a horizontal or descending ST segment is observed are at a higher risk of death 
from arrhythmic causes, unlike those in which the ST segment is ascending, in which long-term mortality does 
not differ from the population generally. These same findings were corroborated by Nam and Adler et al.13,14. An 
interesting finding is that the J wave tends to increase in amplitude just before of VF appearance15. Haisaguerre et 
al.16.  have observed similar findings, showing that the amplitude of the J wave more than doubles moments before 
the  VF episode. There is an uneven distribution of the Ito channel between the epicardium and the endocardium 
that results in the elevation of the J point. A possible cause of the arrhythmic events could be the Ito current 
which is faster in the epicardium than in the endocardium, producing an electrical gradient, a known mechanism 
as reentry in phase 2, probable cause of VF17,18. However, Haisaguerre et al.19 have recently shown, through high 
density electrogram mapping, evidence of a wide spectrum of heterogeneous substrates, which may be a consequence 
of late depolarization or caused by abnormalities in the ER: the abnormalities of late depolarization are due to 
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microstructural changes, that due to their small size they are not visible on MRI and are a target for catheter 
ablation; in the case of ER, the likely mechanism is a voltage gradient across the ventricular wall during the early 
phase of repolarization, in which case the Purkinje system has an important triggering role, further confirmed by 
favorable results after ablation. 

QRS fragmentation
Another electrocardiographic marker that has been studied is the QRS fragmentation (QRSF). There is evidence 

of its usefulness as a predictor of cardiovascular mortality in patients with structural heart disease20. QRSF has also 
been shown to be a risk marker for the development of ventricular arrhythmias in Sd. from Brugada. However, it can 
also be present in healthy athletes, without a clear relationship with the development of arrhythmic events in this 
population21; for this reason, some authors catalog its presence as a nonspecific finding and claim that its prognostic 
value should be interpreted only in the presence of relevant clinical evidence22. On the other hand, Narayanan et al23. 
observed that in overweight and obese patients, the presence of QRSF is a risk marker for sudden cardiac death, 
regardless of the ejection fraction. Seong et al24. studied patients who received an ICD for idiopathic VF and observed 
that this population has a higher prevalence of QRSF and ER; in addition, the presence of the two electrocardiographic 
characteristics together was related to the higher prevalence of clinical cardiac events such as syncope, sudden cardiac 
arrest and appropriate ICD shocks.

Tpeak-tend Interval
Another ECG marker that has been shown to be related to the risk of fatal ventricular arrhythmias is the Tpeak-

Tend interval (Tp-Te). The peak of the T wave coincides with epicardial repolarization and the end of the T wave with 
myocardial repolarization, so that the Tp-Te interval provides a measure of transmural dispersion of repolarization25. 
The prolongation of the Tp-Te interval is associated with sudden cardiac death, with particular utility when the QTc 
interval is normal26. In a meta-analysis published by Tse G et al27., it was observed that in the general population, 
a prolonged Tp-Te interval (with an average duration of 103.3 ± 17.4 ms) was also predictive of arrhythmic events 
and total mortality, and not only in patients with arrhythmogenic syndromes. The Tp-Te/QT ratio is an index that, 
unlike Tp-Te, remains constant, regardless of variations in heart rate and therefore, an arrhythmogenesis index 
more sensitive than Tp-Te25.It seems that the V6 lead of the electrocardiogram is the most suitable to measure the  
Tp-Te/QT interval28.Although there is clear evidence about the usefulness of the Tp-Te intervals and the  
Tp-Te/QT ratio as markers of ventricular repolarization dispersion and arrhythmic markers, there is debate about 
whether the dispersion occurs at the transmural, global level or is a combination of the two. However, it seems less 
likely that dispersion of interventricular repolarization will lead to an increased gradient and therefore less likely to 
be associated with arrhythmic risk, unlike transmural dispersion29.

CONCLUSION 

Over the years, electrocardiographic risk markers related to the development of idiopathic ventricular arrhythmias 
and sudden death have been investigated. However, in the last few years, three electrocardiographic markers appeared as 
variables related to the development of malignant ventricular arrhythmias, as is the case with the ER pattern, QRSF and 
Tp-Te interval (Fig. 1). Nevertheless, evidence is scarce in this specific patient profile and further randomized clinical 
studies are needed to demonstrate its true relationship and usefulness.
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Figure 1. Electrocardiographic markers in idiopathic ventricular arrhythmias.
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