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Abstract

Translational cardiology combines different techniques in order to get a correct diagnosis (precision medicine). In
a rare disease called arrhythmogenic left ventricular cardiomyopathy caused by non-desmosonal gene mutations
12-lead ECG and results of genetics were combined and analyzed. In a few gene mutations ECG findings were
highly specific and predicts gene mutation, like desmoplakin, phospholamban, desmoglein-2, desmocollin-2,

TMEM43, lamin A/C, and probably filamin C mutation.

With the help of simple 12-lead ECG technique a precise prediction of specific gene mutation can be made.

Keywords: Arrhythmogenic left ventricular cardiomyopathy; T-wave inversions; low voltage in limb leads; developing right

bundle branch block; anteroseptal R-wave reduction.
Introduction

Since 2020 arrhythmogenic cardiomyopathy includes a right
dominant form, a biventricular form and a left dominant form.
Already in 2004 Carvajal syndrome was first described in
Ecuador within families (Kaplan et al., 2004). This syndrome
includes a slighty dilated, poor contracting left ventricle and
hair and skin abnormalities with curly hair and plantopalmar
keratosis. The genetic background were mutations of the
desmoplakin gene.

Primarily it was thought to be a special form of dilated
cardiomyopathy. But in ongoing years, with the help of cardiac
MRI findings with severe fibrosis, the similarities with Naxos
disease with similar aspects of hair and skin were more and
more evident.

In 2020 Domenico Corrado characterized the term of
arrhythmogenic left ventricular cardiomyopathy with extensive
fibrosis of the left ventricle and ring-like appearance in late
enhancement in cardiac MRI (Corrado et al., 2020). Low
voltage in limb leads is due to the fact that the left ventricle is
poor contracting, T-wave inversions in inferolateral leads are
often seen in biventricular or left dominant forms characterizing
reduced left ventricular function.

The most important mutations are: desmoplakin ( in about 12
% of cases), phospholamban (in Dutch population about 15%),
lamin A/C, filamin C, desmoglein-2, desmocollin-2, desmin,
and TMEM43.

ECG and genetics

Desmoplakin

Desmoplakin is the most important gene mutation in
arrhythmogenic left ventricular cardiomyopathy with “hot
phases’ characterised by chest pain, troponin release mimicking
myocarditis. The ECG present low voltage in limb leads, and
T-wave inversions or flattening inferolateral only in leads V5
und V6.

Phospholamban

In the Dutch population this sort of gene mutation is endemic
with a rate of about 15%. The ECG presents with low voltage
in limb leads and T-wave inversions inferolateral with a high
begin in lead V3 up to V6. Figure 1 revealed a typical example
of these ECG changes due to a mutation in phospholamban.

In a ECG follow-up developing right bundle branch block is a
gene-specific finding with dominant QRS fragmentation.
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Figure 1: Typical ECG sign of arrhythmogenic left ventricular cardiomyopathy with inferolateral T-wave inversions or flattening
with high begin and low voltage in limb leads due to phospholamban mutation
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Figure 2: Typical lamin A/C ECG with left posterior fascicular block, low voltage in limb leads, anteroseptal R wave reduction,
T-wave inverswion inferolateral, ST-segment elevation inferolateral and atrioventricular conduction block

Lamin A/C

According to the literature (Quarta et al., 2012) and an own case, there are specific ECG findings like atrioventricular block 1°,
anteroseptal R-wave reduction, low voltage in limb leads, inferolateral T-wave inversions, in some cases left posterior fascicular
block, and ST segment elevation inferolateral for lamin A/C-positive cases, characterised by high risk for ventricular fibrillation
and high-grade atrioventricular block.

Filamin C
In a few gene mutations in filamin C ECG is characterised by low voltage in limb leads in T-wave inversions inferolateral
beginning at lead V4 up to V6.

Desmoglein-2 and Desmocollin-2
Desmoglein-2 and desmocollin-2 are electrocardiographically characterised by right ventricular hypertrophy in about 50% of
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cases beyond other typical ECG findings. Figure 3 revealed a typical example with low voltage in limb leads, a very rare left
posterior fascicular block both characterizing decrease in left ventricular function, Q waves as electroanatomic scar, inferolateral
QRS fragmentation, and dominant shaped R wave in lead V1 as a marker of right ventricular hypertrophy.
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Figure 3: Typical example of desmoglein-2 or desmocollin-2 mutation of arrhythmogenic left ventricular cardiomyopathy with
left posterior fascicular block, low voltage in limb leads, right and left significant Q-waves and dominant R wave in lead
Vlcharacterising right ventricular hypertrophy

Desmin

According to the literature, desmin-positive ECG’s are characterized by low voltage in limb leads and T-wave inversions only

in lateral leads V5 and V6.

TMEM 43

The ECG in TMEM43-positive arrhythmogenic cardiomyopathy with left ventricular dominance is characterised by R-wave
reduction in anteroseptal leads and no specific right ventricular T-wave inversion. T-wave inversions are inferolateral, mostly in
lead V5 and V6. Figure 4 shows a typical example. TMEM mutations are first described in Newfoundland, USA and Canada, the
founder gene probably originates in Germany.

e T

Figure 4: Low voltage in limb leads and inferolateral T-wave inversions and anteroseptal reduction of R wave characterising

TMEM43 mutations
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Discussion

Basically most ECG’s reveal low voltage in limb leads and
T-wave inversions or flattening in inferolateral leads. This is
specially true in desmoplakin (Rampazzo et al., 2002), filamin
C (Hespe et al., 2023) phospholamban mutations (Vafiadaki et
al., 2023), and TMEM43 (Matos et al., 2023) mutations causing
arrhythmogenic left dominant cardiomyopathy with right
bundle branch block — like ventricular tachycardia (Belhassen
et al., 2022). In these mutations the cut-off in lateral T-wave
inversions vary a lot. In Desmoplakin and in TMEM43 lateral
T-wave inversion is strictly in lead V5 and V6, in filamin C in
lead V4 up to V6 and in phospholamban in lead V3 up to V6
according to a late enhancement inferoseptal in MRI (Peters,
2021). In most cases T-wave inversion in lead V2 is biphasic.
In an ECG follow-up patients with phsopholamban mutations
develop a complete right bundle branch block with dominant
QRS fragmentation and multiple epsilon waves (Peters, 2018).
The second typical ECG due to lamin A/C mutation combines
inferolateral T-wave inversion and low voltage in limb leads
with anteroseptal R-wave reduction, ST-segment elevation
inferolateral (Ni et al., 2024), and left posterior fascicular
block. The key to lamin A/C is atrioventricular conduction
delay.

The third typical ECG of arrhythmogenic left ventricular
cardiomyopathy is a very rare form and is associated with
desmoglein-2 (Pilichou et al., 2009) and desmocollin-2
mutations (Brodehl et al., 2017). A positive R/S ratio in lead
V1 characterize right ventricular hypertrophy due to right
ventricular myocyte cell necrosis (Peters, 2023). Left posterior
fascicular block in combination with low voltage in limb leads
characterizes poor left ventricular function. In comparison
to desmoglein-2 positive right dominant arrhythmogenic
cardiomyopathy typical right precordial epsilon waves
and T-wave inversions are missing (Hermida et al., 2019;
Peters & Wittinger, 2020). Another typical form of ECG in
arrhythmogenic left ventricular cardiomyopathy is described by
Calo (Calo et al., 2023; Calo et al., 2023) and is characterized
by dominant R waves in lead V1. The described features are
not only due to mutations of desmoglein-2 and desmocollin-2,
but also in rare cases mutations in plakoglobin (Naxos disease)
with a petrified right ventricle caused by myocyte cell necrosis
(Basso et al., 2001) and right ventricular hypertrophy by ECG.

The fourth characteristic ECG findings caused by TMEM43
mutations are characterised by inferolateral T-wave inversion
strictly in lead V5 and V6. However, the most important
ECG finding in TMEM43 are basically anteroseptal R-wave
reduction and missing right precordial T-wave inversions.

In  conclusion, these four and probably more
electrocardiographic features characterize arrhythmogenic left
ventricular cardiomyopathy besides cardiac imaging especially
cardiac MRI. The value of 12-lead ECG in arrhythmogenic
left ventricular cardiomyopathy is outstanding importance.
With a correct ECG analysis mutations of arrhythmogenic left
ventricular cardiomyopathy can be defined for most mutations.
Nevertheless, according to the latest cardiomyopathy guidelines

published in 2023 in the European Heart Journal the terms
arrhythmogenic left ventricular cardiomyopathy and also non-
compaction cardiomyopathy are missing and replaced by the
term of non-dilated left ventricular cardiomyopathy (Arbelo et
al., 2023).
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