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The recent article by Fontaine et al. about the recording of Epsilon waves on a loop recorder deserves some

additional comments [1].

Epsilon waves have been identified on the “REVEAL” Medtronic Loop recorder memory even though there are no
Epsilon waves visible on the standard ECG. Therefore, figure 1 of the EUROPACE article, shows a typical ECG of
a patient with ARVD in which several leads are amplified and with high speed recording. Precise vertical lines of
measurement to stress the difference between the right as compared to left precordial leads. This is crucial to the
interpretation of Epsilon waves in ARVD but was not considered in the recent publication by Platonov et al. [2]. The
increased sensitivity of the loop recorder is due to the “proximity” effect of the leads being closer to the heart, as the
Fontaine Lead System [3]. In addition, the bipolar electrodes of the loop recorder with a short distance between

these electrodes (6 cm) is more sensitive than unipolar precordial leads.

Myocarditis and ARVD are included in the title of the paper. The combination of these two diseases was suspected
for the first time and reported in Japanese [4], as well as in a French journal [5]. This was because the Japanese
pathologists were aware of the intricacies of myocarditis especially when this pathology is superimposed on a

structural heart disease [6,7]. The same concept of superimposed myocarditis on a genetic disease is applicable to

Cardiol Cardiovascmed 2017; 1 (4): 195-199 195



DOI: 10.26502/fccm.92920023

other cardiomyopathies such as Brugada syndrome (Bs), hypertrophic cardiomyopathy (HCM), idiopathic dilated
cardiomyopathy (IDCM) and probably in all forms of inherited cardiomyopathies including the WPW syndrome [8].
Repeated episodes of myocarditis leading to irreversible heart failure looks common at the end stage of the disease
[9]. Itis also clear that ventricular arrhythmias can be triggered by inflammation (myocarditis) with an increase of
C-reactive protein (CRP) as reported by Bonny et al in patients with ARVD [10] and in the Brugada syndrome [11].
Finally, a common genetic factor in the cardiac development and an increased susceptibility for myocarditis has

been recently demonstrated by Lopez-Ayala et al. [12].

The subtitle of the loop recorder article [1] indicates an updated definition of the Epsilon wave in ARVD stressing
that Epsilon waves can exist in other types of cardiomyopathies such as Coronary Artery Disease (CAD), IDCM,
HCM, sickle cell disease, etc. as well as the pure form of a localized form of myocarditis which may explain a QRS

complex prolongation observed on one or few precordial leads.

The comprehensive definition of an Epsilon wave in ARVD is immediately available in the abstract of the loop

recorder article [1].

The loop recorder electrodes are similarly placed to those of the “Fontaine lead system”, recently published in
ARVD [13,14]. The loop recorder has been primarily designed to record arrhythmias. In this case palpitations and
dizziness in a patient with repeated episodes of clinical acute myocarditis showed that ventricular tachycardia was

well documented by the loop recorder.

However, signal analysis for postexcitation waves is a new application of this device which can be extended to other
electronic apparatus that records electric signals of the heart such as a subcutaneous defibrillator, pacemakers and
automatic implanted cardiac defibrillators (AICD). It is interesting that a new case from La Salpétriére, Paris, France

was identified when the EUROPACE paper was in review and published independently [15].

Signal averaging techniques were introduced in cardiology in a book chapter by the author from basic neuroscience
in 1977 [16]. This method proved highly sensitive for the detection of late potentials and this proved to be a new risk
factor for possible development of an arrhythmogenic substrate that can be prevented or treated by appropriate

devices such as ICDs or by the life-vest.

The concept of atrial dysplasia leading to the proposal of a pandysplastic phenomenon in ARVD is also suggested in
a figure of the Europace paper [1]. The measurements of P wave duration in 28 ascertained ARVD patients was 169
+ 62 80-260 ms (normal <120ms), P < 0.05. In fact, it is possible to see by signal averaging that ARVD patients

have further abnormal wave signals due to latent atrial dysplasia (Figurel).
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Figure 1: Male 37. Dizziness during soccer and Ventricular Tachycardia 220 bpm with RBBB. ECG was normal,
but SAECG shows the Epsilon waves. Note the delayed potentials with very low frequency signals at the end of
atrial signal better seen with the filtering of 25-250 Hz as compared with 40-250Hz. This can be explained by the
relatively flat structure of atrial myocardium preventing unopposed electrical forces as compared with ventricular
myocardium. Also note the atrial late activation on the “Z” lead as opposed to the “Y” lead on the Frank lead

system. ARVD was ascertained by contrast angio. No atrial arrhythmia was observed.

The presence of atrial electrophysiological abnormalities in ARVD patients has been suspected by the high
frequency of atrial fibrillation (80%) in this population. However, the histologic demonstration of this phenomenon
needs to be documented. In addition, as the quiescent form of ARVD is found in 3.7% of the general population, we

have a new explanation on the mechanism of AF in human [17,18].
Finally, the all scientific material on Epsilon waves published by GF (8 chapters for books and 2 peer reviewed

articles) are presented and precisely classified chronologically to demonstrate the progressive understanding of

Epsilon waves based on intramyocardial blocks producing the “postexcitation” phenomenon [1].

Cardiol Cardiovascmed 2017; 1 (4): 195-199 197



DOI: 10.26502/fccm.92920023

References

1.

10.

11.

12.

13.

14.

15.

Fontaine  GH, Duthoit G, Li G,  Andreoletti L, Gandjbakhch E, et al
Epsilon wave on an electronic loop in a case of Arrhythmogenic Right Ventricular Dysplasia with myocarditis:
an updated definition of the Epsilon wave. Europace 19 (2017): 1084-1090.

Platonov PG, Calkins H, Hauer RN, Corrado D, Svendsen JH, et al. High inter observer variability in the
assessment of Epsilon waves: Implications for diagnosis of arrhythmogenic right ventricular
cardiomyopathy/dysplasia. Heart Rhythm 13 (2016): 208-216.

Hurst JW. Naming of the waves in the ECG, with a brief account of their genesis. Circulation 98 (1998): 1937-
1942,

Fontaine G, Fontaliran F, Andrade FR, Velasquez E, Tonet J, et al. The arrhythmogenic right ventricle.
Dysplasia versus cardiomyopathy. Heart Vessels 10 (1995): 227-235.

Fontaliran F, Fontaine G, Brestescher C, Labrousse J, Vilde F. [Significance of lymphoplasmocytic infiltration
in arrhythmogenic right ventricular dysplasia. A propos of 3 own cases and review of the literature]. (French)
Arch Mal Coeur Vaiss 88 (1995): 1021-1028.

Sekiguchi M, Konno S. Histopathological differentiation employing endomyocardial biopsy in the clinical
assessment of primary myocardial disease. Jpn Heart J 10 (1969): 30-46.

Matsumori A, Okada I, Yamada T, Maruyama S, Kawai C. Pathogenesis of myocardial injury in myocarditis
and cardiomyopathy. Jpn Circ J 55 (1991): 1132-1137.

Fontaine G, Fornes P, Fontaliran F. Myocarditis as a cause of sudden death. Circulation. Letter 16 (2011): 103.
Hulot JS, Jouven X, Empana JP, Frank R, Fontaine G. Natural history and risk stratification of arrhythmogenic
right ventricular dysplasia/cardiomyopathy. Circulation 110 (2004): 1879-1884.

Bonny A, Lellouche N, Ditah I, Hidden-Lucet F, Yitemben MT, et al. C-reactive protein in arrhythmogenic
right ventricular dysplasia/cardiomyopathy and relationship with ventricular tachycardia. Cardiol Res Pract
(2010).

Bonny A, Tonet J, Marquez MF, De Sisti A, Temfemo A, et al. C-reactive protein levels in the brugada
syndrome. Cardiol Res Pract 2011: 341521.

Lopez-Ayala JM, Pastor-Quirante F, Gonzalez-Carrillo J, Lopez-Cuenca D, Sanchez-Munoz JJ, et al. Genetics
of myocarditis in arrhythmogenic right ventricular dysplasia.Heart Rhythm 12 (2015): 766-773.

Gottschalk B, Gysel M, Barbosa-Barros R, De Sousa Rocha RP, Pérez-Riera AR, et al. The use of Fontaine
leads in the diagnosis of arrhythmogenic right ventricular dysplasia. Ann Noninvasive Electrocardiol 19
(2014): 279-284.

Wang J, Yang B, Chen H, Ju W, Chen K, et al. Epsilon waves detected by various electrocardiographic
recording methods: in patients with arrhythmogenic right ventricular cardiomyopathy. Tex Heart Inst J 37
(2010): 405-411.

Fontaine G, Waintraub X. A new case of Epsilon wave on the loop recorder
Arch Can Res 4 (2016): 2.

Cardiol Cardiovascmed 2017; 1 (4): 195-199 198



DOI: 10.26502/fccm.92920023

16. Fontaine G, Guiraudon G, Frank R, Vedel J, Grosgogeat Y, et a. Stimulation Studies and Epicardial Mapping
in Ventricular Tachycardia: Study of Mechanisms and Selection for Surgery. In- Reentrant Arrhythmias -
Kulbertus H.E. Ed. MTP Pub. Lancaster 1977: 334-350

17. Fontaine G, Chen HSV. Arrhythmogenic Right Ventricular Dysplasia Back in Force. Am J Cardiol 113
(2014): 1735-1739.

18. Fontaine G. New mechanisms of Atrial Fibrillation. Interv Cardio J 3 (2017): 119.

‘@ ® \ This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC-BY) license 4.0

Cardiol Cardiovascmed 2017; 1 (4): 195-199 199




	Figure 1
	References

