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European Task Force criteria for diagnosis of Arrhythmogenic Cardiomyopathy

LV PHENOTYPE : ECG CRITERIA (3. e 4.)




Low QRS voltages

¢| Definited as QRS complexes with a peak-to-peak
amplitude <0.5 mV in all peripheral leads.

¢/ LQRSV may be observed in pts with conditions that
lead to a diseases characterized by loss of myocytes
with replacement fibrosis (ACM, cardiac sarcoidosis,
healed myocarditis, or idiopathic NILVS).

¢| Low QRS voltages are characteristic of FLNC, PLN, and
DSP and may precede any echocardiographic changes




Two brothers in comparison

BROTHER PATIENT 9

Pt 9 CMR reveals subepicardial/intramyocardial circumferential LGE.
Autopsy of his brother shows the same LV circumferential scar, mostly located in the subepicardium, with gross
features of fibroadipose myocardial replacement.



Patient #8, 20-year-old man, pathogenic variant in desmoplakin (c.5851 C>T, p.Arg1951Ter)



14% of pts SD/MVA. Predictors at multivariate
analysis:

> inverted T-waves in anterolateral leads (HR
2.141;95% Cl 1.148-3.991; P = 0.017)

> higher amplitude of S wave in V2 (HR 0,961;
95% Cl 0.933 — 0.990; P = 0.008) and of R wave
on Il (HR 0.901; 95% Cl 0.834-0.972; P=0.007)
protective factors.

J Cardiovasc Med 2019, 20:450-458



Patient #20, 23-year-old woman with a pathogenic variant in desmoplakin (c.5210del, p.Gly1737AspfsTer16)






























Inferolateral J-wave syndrome due to abnormal depolarization



Inferolateral J-wave syndrome due to early repolarization



Patient #8, 20-year-old man, pathogenic variant in desmoplakin (c.5851 C>T, p.Arg1951Ter)






The family member (Patient #36, 37-year-old man) has the same pathogenic variant in desmoglein-2 (c.1912G>A, p.Gly638ArQ)



The Distinctive Electrocardiogram of

An Electrocardiographic-Pathologic Correlative Study

JosepH K. PERLOFF, M.D., WirLiam C. ROBERTS, M.D.,
Washington, D. C. Bethesda, Maryland

AnTONIO C. DE LEON, JR., M.D. and DEsMOND O’DOHERTY, M.D.
Washington, D. C.

The clinical, electrocardiographic, hemodynamic and cardiac pathologic features
are described in two patients with the rapidly progressive, pseudohypertrophic, sex-
linked form of Duchenne’s muscular dystrophy. Previous studies have shown that
the electrocardiogram is distinctive enough to aid in identifying this particular type of
heredofamilial myopathic disorder even when the clinical features of the systemic
myopathy are inconclusive. Tall right precordial R waves and deep limb lead and
left precordial Q waves characterize these electrocardiograms. Information thus far
has not provided explanations for either the distinctive morphology of the Duchenne
electrocardiogram or for the variety of rhythm disturbances that have been observed.
Accordingly, an electrocardiographic-pathologic correlative study was undertaken in
order to determine whether a relationship existed between the distribution of myo-
cardial dystrophy, the presence of an unusual type of small vessel coronary arteri-

Duchenne’s Progressive Muscular Dystrophy”

opamy,
rhythm.
The present study indicates that the anterior shift of the QRS (tall right precord
R waves) relates to a loss of posteriorly directed electrical forces caused by selecti;
scarring of the posterobasal portion of the left ventricle. The abnormally deep
waves appeared to reflect lateral extension of this scarring. These areas of myocard
fibrosis corresponded precisely to the locations of altered electrical activity demo)
strated by the electrocardiogram. The reason for this unusual focal location of myj|
cardial fibrosis was not determined. Although striking abnormalities were found
small intramural coronary arteries, the distribution of scarring was unrelated to t
arteriopathy. The pathologic observations provided only scanty information regar
ing the rhythm disturbances, Degeneration of neurogenic fibers of the sinus or atri
ventricular nodes could not be held responsible, but in one patient the arteries to b
cardiac nodes were abnormal and may have contributed to the clinical arrhythmia

ALL right precordial R waves and deep

limb lead and lateral precordial Q waves
(Fig. 1 and 2) comprise a distinctive electrocar-
diogram that has been related specifically to the
rapidly progressive, pseudohypertrophic, sex-
linked form of Duchenne’s muscular dys-
trophy [7-7]. The QRS morphology is now con-
sidered characteristic enough to be used in

identifying this type of heredofami
disorder even when clinical featu
temic myopathy are inconclusiv
forms of progressive muscula
namely, the limb girdle, the faciosc
and the “benign” Duchenne, di
cally and clectrocardiographically
The cause of the distinctive elec
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Patient #35, 42-year-old man), pathogenic variant in desmoglein-2 (c.1912G>A, p.Gly638Arg)









Unrecognized cases of prominent R-wave in V1
detected in the iconography of published papers






23 anni - Sportivo agonista (Calcio)- Storia negativa familiare per MCl/Cardiomiopatie
Asintomatico - Accertamenti per idoneita medico-sportiva

Caso 4. Marco

Ecocardiogramma CD: VSx normali dimensioni, volumi, spessori e funzione. Non deficit della cinesi. VDx normale.
ECG Holter delle 24h: RS costante, 46 BEV isolati monomorfi e tardivi




Caso 4. Marco Test Ergometrico

Rari BEV isolati
indotti da sforzo
morfologia BBDX

asse superiore

75-100 W




Caso 4. Marco Quattro anni dopo ...... Test ergometrico
CARICO 25 W

CARICO 75-100 W



Caso 4. Marco Quattro anni dopo ......

e EcocardiogrammaColorDoppler: invariato
e ECG Holter delle 24h: RS costante, frequenti BEV polimorfi,

anche in coppie

N ¥y,

Variante Patogenetica a carico gene DSP

Nessun criterio ECG
identificava
la presenza di ALVC !



Patient #9 is a 33-year-old woman with a pathogenic variant in
desmoplakin (c.5851 C>T, p.Arg1951Ter).









Human heart. The LBB (LBB) emerges in the subaortic region. The membranous septum (MS) is almost absent and the aortic valve lies directly over the LBB,which
gives off the anterior division (AD) and posterior division (PD) from its very beginning. The membranous septum is strikingly small or practically absent in this case.
The distance between the branching portion of the bundle of His from the aortic valve depends on the size of the MS. The larger the MS, the lesser the possibility that the
aortic valve pathology involves this crucial part of the conducting system. A: aorta; RAC right aortic cusp.



Patient #2, 19-year-old man, pathogenic variant in desmoplakin (c.1707-1708insAC,p.Met571GInfs*8)



Unrecognized LPFB cases
noted in the iconography of published papers



A 26-year-old man was referred for family screening and cardiologic workup by the Institute of Legal Medicine. His mother recently succumbed to sudden cardiac death at
work at 49 years of age. Her macroscopic and microscopic autopsy revealed arrhythmogenic right ventricular (RV) cardiomyopathy/dysplasia (ARVC/D) with diffuse left
ventricular (LV) involvement . The 26-year-old patient, who has never engaged in competitive sports, reported a history of syncope without injury while playing leisure soccer
7 years ago. Since then, he has rarely felt palpitations. There was no history of infection within the last 12 months before the cardiologic workup. Clinical findings were
normal.

A 12-lead-surface ECG demonstrated notched early repolarization in the inferior leads and QRS fragmentation in aVL but no ECG criteria according to the 2010 ARVC/D Task
Force. Signal-averaged ECG was unremarkable, and 24-hour Holter ECG revealed >1000 premature ventricular contractions with 3 different morphologies.

Laboratory parameters were within the normal range, particularly for C-reactive protein, brain natriuretic peptide, and troponin T. Transthoracic 2- and 3-dimensional
echocardiography (transthoracic echocardiography), RV angiography, and 3-D electroanatomical endocardial RV voltage mapping were unremarkable.

Cardiac magnetic resonance imaging confirmed the absence of RV structural abnormalities but revealed diffuse fibrofatty infiltration (late gadolinium enhancement) within the
LV wall, involving primarily the epicardial and midmyocardial layers of the inferolateral, anterolateral, and septal LV wall. Biventricular dimensions and global RV and LV
function were normal but the LV inferior and anterolateral wall displayed localized hypokinesia, corresponding well with the regions with late gadolinium enhancement.

Endomyocardial biopsy of the RV septum was unremarkable.

Genetic testing for desmosomal genes revealed a heterozygous pathogenic variant in the plakophilin-2 (c.2392A>G, p.T798A) and desmoglein-2 (c.877A>G, p.1293V) genes.

(Circulation. 2015;132:e38-e40. DOI: 10.1161/CIRCULATIONAHA.115.017284.)



Reichl et al; Desmoplakin AC Presenting as Acute Myocarditis. Circ Genom Precis Med. 2018;11:e002373. DOI: 10.1161/CIRCGEN.118.002373
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NUOVI SEGNI ECG NELLA DIAGNOSI DI ALVC

Obiettivi:
1) analizzare ECG in pazienti affetti da ALVC confrontandole con quelle di soggetti sani di controllo

2) correlare i risultati ECG con i risultati della risonanza magnetica cardiaca e i dati genetici



54 pz con ALVC (32 uomini, eta 39 15 anni) vs 84 soggetti sani
(normale RMN cardiaca)

Mutazioni P/LP in geni codificanti proteine desmosomiali (DSP
72.9%; DSG2 14.6%)

Ringlike pattern was prevalent in DSP alteration carriers (54.3% vs
23.1%; P=0.05)

« Otto (14.8%) pazienti ECG
apparentemente normale

» Bassi voltaggi periferici nelle
derivzioni periferiche in 12 paz
(22.2%).

e Onde T negative in 31 paz
(57.4%), particolarmente
evidenti nelle derivazioni
inferiori e laterali




NUOVI SEGNI ECG NELLA DIAGNOSI DI ALVC




NUOVI SEGNI ECG NELLA DIAGNOSI DI ALVC




Analisi temporale dell’ECG nella
cardiomiopatia aritmogena









MODIFICHE DELL'ECG NEL TEMPO

FU medio 45 mesi,
cambiamenti ECG nel
54,2% dei pazienti Comparsa di EPS in

tre casi









125 consecutive ALVC patients: 64 men, mean age 37115 years. 89 probands (71%).
81.5% DSP and 18.5% non-DSP P/LP variants (PKP2 n=10; DSG2 n=8; JUP n=3; DSC2 n=1)

OBJECTIVES:

L+

ECG findings in ALVC

The ECG correlation with CMR The prognostic value of ECG
and genetic data in ALVC

ALVC defined by the presence of the following criteria:
Presence of LGE in the LV, manifesting as a stria (or band) pattern affecting >1 segment.
Pathogenic (class V)/ likely pathogenic (class IV) variants in genes responsible for desmosomal
proteins associated with ALVC.
Confirmation of ALVC diagnosis through endomyocardial or at autopsy, for those cases in which
genetic screening did not identify any pathogenic mutation







Follow-up

ECG progression during follow-up

During a median follow-up of 45 months (Q1-Q3: 27-70), ECG changes were observed in 39/72
patients (54.2%). In 3 patients, we observed the new appearance of a LPFB.







51-year-old man- Symptomatic for syncope and palpitation- Normal Echocardiogram
-Normal coronary arteries






Subendocardial LGE in the basal infero-lateral wall of the left ventricle with an EF of 45%



Left anterior fascicular block












Among 1658 consecutive pts treated in a cardiological service, LAH found in 76 cases
(4.58%); 53 cases showed RBBB (3.19%), and 17 cases showed LBBB (1.02%). |

In a retrospective study 247 cases of LAH were detected among a presumable
healthy population of 8915 individuals engaged in civilian flying activities in
Argentina (prevalence, 2.77%).2

1. Rosenbaum MB, Elizari MV, Lazzari JO. The Hemiblocks. Oldsmar, Florida: Tampa Tracings; 1970.

2. Canaveris G, Halpern MS, Elizari MV. Intraventricular conduction disturbances in civilian flying personnel: left anterior hemiblock. Aviat
Space Environ Med. 1992;63:292-298.












In a typical LAFB, an R wave always observed in leads Il, Il and aVF due to early activation
of the left ventricle in the inferior wall, supplied by the left posterior fascicle.









Left anterior fascicular block
and Q-wave in inferior leads

True LAFB ?



Bull. N. Y. Acad. Med. Vol. 47, No. 8, August 1971



Inferior infarction without left anterior fascicular block

Londa R scomparira totalmente o parzialmente ogni volta che una zona fibrotica coinvolge le aree di attivazione precoce nella parete
inferiore ventricolare sinistra. Al contrario, se la fibrosi risparmia queste aree, si verifichera un'onda R iniziale nelle derivazioni inferiori.






Inferior infarction with
left anterior fascicular block
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REVIEW

The tetrafascicular nature of the intraventricular conduction

system
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The existence of a tetrafascicular intraventricular conduction system remains debatable. A con-
sensus statement ended up with some discrepancies and, despite agreeing on the possible exis-
tence of an anatomical left septal fascicle, the electrocardiographic and vectorcardiographic
characteristics of left septal fascicular block (LSFB) were not universally accepted. The most
important criteria requested to confirm the existence of LSFB is its intermittent nature. So far,
our group has published cases of transient ischemia-induced LSFB and phase 4 or bradycardia-
dependent LSFB. Finally, anatomical, anatomopathological, histological, histopathological, elec-
trocardiographic, vectorcardiographic, body surface potential mapping, and electrophysiology
studies support the fact that the left bundle branch divides into three fascicles or a “fan-like
interconnected network.”

KEYWORDS

intraventricular conduction system, left septal fascicle, left septal fascicular block



A. Fig. 2 from Demoulin JC, Kulbertus HE [24]. Diagrammatic sketches of the LBB conduction system in twenty human normal hearts. These sketches depict the
anatomy from serial histologic sections of left septal myocardium. The LBB and its subdivisions were identified by their subendocardial location and histological
features typical of the conducting fibers. B: Figure 28, Chapter 2 from RosenbaumMB et al. [13]. Four human LBB systems dissected and separated from the heart
considered the main prototypes observed in our material. In every case, the main LBB is short and its divisions longer depicting a wider posterior division as compared
with the anterior one. The bottom left LBB shows what can be considered a medial left septal fascicle arising at the bifurcation of the LBB, although it actually emerges
from a wide posterior division, a pattern that can also be observed in the examples of Fig. 14 A in most cases.















In this study of desmoplakin disease, subclinical
electrophysiological effects precede any overt structural changes in
a murine model and in patients.

These data may explain early phase of the disease when ventricular
tachyarrhythmias and sudden death occur at short coupling
intervals during stress, exercise, or sports activity (increased
adrenergic drive) due to the initial reduction in conduction reserve.

During later phases of ARVC when demonstrable structural
changes ensue (fibrosis and myocyte atrophy), ventricular
arrhythmias are more common at rest as a monomorphic VT.


















Galanti K et al Cardiogenetics 2025, 15(3), 22;






























In advanced stages of ACM disease, these models display severe desmosomal structural deficits that lead
to severe loss of Cx43 (thicker red arrow). This Cx43 loss was associated with downregulation of cell-cell
junction gene and protein expression leading to structural cardiomyopathy, encompassing ventricular
arrhythmias, dilatation and dysfunction.

Adeno-associated viral (AAV)-Cx43 gene therapy targeted to restore Cx43 in cardiomyocytes in early and
late ACM disease is sufficient to restore mechanical junctional protein synthesis, potentially through
nuclear-mediated mechanisms, and re-localization, reinforcing desmosomal and overall cell-cell junction
integrity. This restoration alleviates electrical and physiological deficits to prolong lifespan in desmosomal
ACM mouse models while alleviating physiological deficits in desmosomal ACM human models
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Gene: LMNA (Encoding the protein: Prelamin-A/C)
NP_733821.1:p.Arg189Trp/NC_000001.10:8.156104245C>T

Heterozygous carrier: Mutation occurs in only one copy of the gene.
Next Generation Sequencing stats: Depth of coverage: 221. Quality of the variant (0-255): 255.

Mutation nomenclature: Nucleotide code: NM_170707.3:¢.565C>T, NC_000001.10:g.156104245C>T. Amino acid code:
NP_733821.1:p.Argl89Trp. dbSNP ID: rs267607626. Alternative names at the protein level: NP_733821.1:p.R189W.
Located in: exon 3.

Pathogenicity: very likely to be pathogenic or disease-causing (++).

Population frequency: rare variant (found in <1% of controls).

Number of articles/communications that cite it: 10. Number of described families: 7. Number of families with additional

IO FUSECEYESS ::faarr:ifiress) :'a(:rr‘i.ers :‘t’:c:‘: Hgenete L
No phenotypic study 5(3) 0 4 9
Dilated cardiomyopathy 5(5) 0 0 5
Not affected or healthy 3(1) 2 4 9
Sudden death 2(1) 0 1 3
Dilated cardiomyopathy + Left ventricular non- 1(1) 0 0 1
compaction/hypertrabeculation

Dilated cardiomyopathy + Muscular Dystrophy, Limb-Girdle + 1(1) 0 0 1

Peripheral Neuropathy

Left ventricular non-compaction/hypertrabeculation 0(0) 0 1 1




ARVDC/D
Alterazioni della conduzione intraventricolare

Epsilon Wave in Arrhythmogenic Right Ventricular
Dysplasia/Cardiomyopathy

SHULIN WU, M.D., PEINING WANG, PH.D., YUESHUANG HOU, M.M., PINGZHEN YANG,
M.M., YANPING XIAO, M.S., and XIANZHANG ZHAN, M.M.

From the Department of Cardiology, Guangdong General Hospital, Guangdong Cardiovascular Institute, Guangdong,
China

Il primo a registrare I'onda epsilon fu Gui Fontaine
nel 1977

Fontaine leads were recorded in order
to better recognize the presence of
the Epsilon wave. Rhythm strips were
obtained at double speed (50 mm/s)
and double amplitude (20 mm/mV): the
left arm lead was placed over the
xyphoid process, the right arm lead on
the

manubrium sterni, and the left leg lead

over a rib at the V4 position (PACE 2009:; 32:59-63)
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