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Criteria for diagnosis of arrhythmogenic cardiomyopathy (ACM) were first proposed in
1994 and subsequently revised in 2010 and in 2020 by an international task force.
According to the last consensus of 2020, ACM is defined as a heart muscle disease af-
fecting right ventricle, left ventricle or both, whose principal pathologic feature is fi-
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predisposes to lethal ventricular arrhythmias. ECG findings not only could help to early
recognize affected patients but also could identify the ones with maximum risk of ven-
tricular arrhythmias and sudden cardiac death.

Introduction

The 2020 international consensus (Padua Criteria) includes
three different phenotypic variants:

(1) The dominant right variant; the classic arrhythmogenic
right ventricular cardiomyopathy (ARVC) phenotype
with right ventricle involvement without abnormalities
in the left ventricle

(2) The biventricular variant: a phenotype characterized
by the involvement of right and left ventricle

(3) The dominant left variant, also called arrhythmogenic
left ventricular cardiomyopathy (ALVC); a phenotype
characterized by left ventricular involvement without
abnormalities in right ventricle."?

The right ventricular phenotype

ECG abnormalities: repolarization and
depolarization (Figure 1)

Twelve-lead ECG is a pivotal diagnostic test in ARVC and
shows in up to 90% of patients with ARVC, repolarization
and/or depolarization abnormalities.3*

*Corresponding author. Tel: +39 06 23188406, Fax: +39 06 23188410,
Email: leonardocalo.doc@gmail.com

Negative Twaves in the right precordial leads (V1-V2-V3)
after the pubertal age are the most significant and
common electrocardiographic finding in affected
patients.’

Their presence, in the absence of complete right bundle
branch block (RBBB), are a major repolarization abnormal-
ity criterion.

The presence of epsilon waves in right precordial leads
were classified as a major ECG criterion in both the 1994
and the 2010 task force criteria; however, its diagnostic
value has been questioned because its identification and
interpretation are largely influenced by ECG filtering
and sampling rate, determining a large interobserver
variability.>®

Hence, in the 2020 international diagnostic criteria
(Padua criteria) this ECG marker has been downgraded
to a minor ECG depolarization criterion.?

According to the 2010 TF criteria and to the 2020 TF cri-
teria, the presence of terminal activation duration of QRS
>55 msec measured from the nadir of the S-wave to the
end of the QRS, including R’ in V1, V2 or V3 without com-
plete RBBB is another minor ECG depolarization criterion.

The presence of late potentials on signal-averaged ECG
was a minor criterion in the 2010 TF criteria, is no longer
included among the 2020 Padua criteria because the use
of the signal-averaged ECG technique has been
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Figure 1 ECG findings of two patients with ARVC. Panel A. ECG performed in a 21-year-old woman shows the classical epsilon wave in lead V1 and T-wave
inversion in V1-V6. This patient shows also premature ventricular beats with two LBBB morphologies. Panel B. ECG performed in 43-year-old woman shows
epsilon wave in lead V1 and T-wave inversion in V1-V3 leads. LBBB, left bundle branch block.

abandoned worldwide because of its limited diagnostic
accuracy.”

Other ECG abnormalities

Beyond the scope of using ECG criteria to the identifica-
tion of ARVC patients, several authors find other ECG ab-
normalities that are recurrent in this population.

Peters et al., in 2003, identified the phenomenon of lo-
calized right precordial QRS prolongation, defined as QRS
duration in V1 +V2+V3/V4+V5+V6 > 1.2, with a sensitiv-
ity of 98% and a specificity of 100% in a cohort of 265 pa-
tients as the most important ECG finding.®

In 2013, Zusterzeel R et al.®, found in a cohort of 42
ARVC patients that not only T-wave inversion in right pre-
cordial leads but also the presence of diminished QRS

amplitude in extreme and precordial leads are associated
with right ventricular dilatation.
Other variable ECG findings in ARVC patients are:

* QRS fragmentation: a slurs or notches on the R- or
S-wave. In ARVD fQRS is common and often seen in mul-
tiple leads; it is caused by regional delay in propagation
of ventricular depolarization caused by fibro/fibrofatty
tissue replacement.

« Poor R-wave progression: especially in patients with se-
vere right ventricular dilatation.'®

ECG abnormalities and risk prediction model
In the last years, several studies have identified multiple
predictors of sustained ventricular arrhythmia (VA) and
sudden cardiac death (SCD) in patients with ARVC without
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a prior arrhythmic history; subsequently these predictors
were integrated in different decision algorithm for ICD im-
plant."""3 In 2019 a risk prediction model was developed
by a multinational group guided by Cadrin-Tourigny J and
including several referral centres for ARVC."

This model includes different demographical, clinical
and electrocardiographic variable as sex, age, history of
cardiac syncope, non-sustained ventricular tachycardia,
number of premature ventricular complexes (PVCs) on
24 h Holter monitoring, extent of T-wave inversion (TWI)
on anterior and inferior leads and right ventricular
function.™

In 2022, using a large cohort of patients from 29 centres
in six countries in North America and Europe, our group va-
lidated the published ARVC risk calculator; the study, fur-
thermore, shows that the risk model provides good
prognostic information and outperforms other published
decision algorithms for ICD use. Our findings support the
use of the model to facilitate the decision-making process
about ICD implantation in the primary prevention of SCD in
ARvC."

Left ventricular phenotype

ECG abnormalities: repolarization and
depolarization (Figure 2)

Left ventricular involvement can be predicted on standard
ECG by the presence of:

(1) Low QRS voltage in the limb leads (peak to peak QRS
amplitude <0.5 mV limbs in all leads, in the absence
of obesity, emphysema or pericardial effusion
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(2) T-wave inversion in the leads exploring the lateral or
the infero-lateral leads (V5-V6).

Both ECG abnormalities have been classified as minor
criteria, because of the low estimated disease specifi-
City.14’16

The ECG pattern of low QRS voltages is probably caused
by the decrease of LV myocardial mass, which mostly ac-
counts for the generation of the electrical activity causing
the depolarization current responsible for the QRS com-
plex. At this moment is not clear why it mainly affects
the limb leads."”

T-wave inversion limited to the lateral precordial leads
(V5-V6) is an ECG marker of left ventricular involvement;
it is important to remember than anterolateral T-wave in-
version from right precordial leads (V1-V3) to left ones
(V4-V6) may be the result of severe RV dilation and dys-
function rather than involvement of left ventricle."”

Novel ECG findings
Recently, our group have found that left posterior fascicu-
lar block (LPFB) was 100-fold higher in young patients af-
fected by sudden cardiac death or aborted cardiac arrest
than healthy controls. All patients with LPFB, who under-
went CMR, showed LV late gadolinium enhancement.
Histopathological analysis showed the presence of
fibrous/fibro-adipose myocardial replacement in the in-
ferior and infero-lateral LV. We thus hypothesize that
LPFB could be an ECG marker of left arrhythmogenic
cardiomyopathy.'®

Starting with this observation, we hypothesized that
specific ECG parameters might represent biomarkers of
ALVC and may help in identifying individual at high risk
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Figure 2 ECG findings in a patient with ALVC. This 34-year-old man with history of ventricular arrhythmias had a CMR revealing biventricular dilation and a
stria LGE pattern with subepicardial distribution, mainly involving the LV lateral wall. This patient showed the ‘classical’ low QRS voltages in limb leads and
T-wave inversion in V2-Vé6 and inferior leads. CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; LV, left ventricular.
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of sudden cardiac death (SCD) as occurred in ARVC pa-
tients. In our experience, we observed both the know
ECG signs of ALVC (TWI and LQRSV) and the new ones.
Specifically, LPFB, pathological Q-waves in inferior and/
or lateral leads and a prominent R-wave in V1 with a R/S
ratio >0.5 represents frequent findings in these patients.
Furthermore, we observed that R-wave voltages were
markedly lower in infero-lateral leads in comparison
with controls and that the sum of the R-wave in I-lI
<8 mm and S-wave in V1 plus R-wave in V6 <12 mm were
highly specific for ALVC.
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