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ABSTRACT

BACKGROUND Electrocardiographic findings in arrhythmogenic left ventricular cardiomyopathy (ALVC) have been
limited to small studies.

OBJECTIVES The authors aimed to analyze the electrocardiogram (ECG) characteristics of ALVC, to correlate ECG with
cardiac magnetic resonance and genetic data, and to evaluate its prognostic value.

METHODS We reviewed data of 125 consecutive patients with ALVC (81.5% desmoplakin pathogenic/likely pathogenic
variants). The composite endpoint of major arrhythmic events (MAEs) included sudden cardiac death, aborted sudden
cardiac death, and appropriate implantable cardioverter-defibrillator shock. Predictors of MAE were evaluated with
logistic regression.

RESULTS ALVC showed distinct ECG signs, including left posterior fascicular block (LPFB) (13.6%), pathological

Q waves (26.4%), R/S ratio in V; =0.5 (26.4%), and SV1 + RV6 =12 mm and Rl + RIl =8 mm (44%). Fifteen (12%)
patients had a normal ECG. MAE occurred in 35 patients (28%). In multivariable analysis, LPFB (OR: 4.7; 95% Cl:
1.2-18.3), syncope (OR: 84.95; 95% Cl: 14-496), transmural late gadolinium enhancement (OR: 9.95; 95% Cl: 2.3-36),
and right ventricular ejection fraction (OR: 0.92; 95% Cl: 0.87-0.97) were the independent predictors of MAE. The model
including these 4 variables achieved a remarkable predictive capability (area under the curve: 0.9). In the primary
prevention scenario, with Cox regression, LPFB (HR: 3.98; 95% Cl: 1.3-12.0), syncope (HR: 19.13; 95% Cl: 5.8-63.0), and
transmural late gadolinium enhancement (HR: 10.57; 95% Cl: 2.9-38.0) were independent predictors of MAE.

CONCLUSIONS In ALVC, ECG is a valuable diagnostic tool and may have a relevant prognostic role, since LFPB is a strong
and independent predictor of MAE. (JACC Adv.2025;4:101766) © 2025 The Authors. Published by Elsevier on behalf of the
American College of Cardiology Foundation. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

ALVC = arrhythmogenic left
ventricular cardiomyopathy

CMR = cardiac magnetic
resonance

DCM = dilated cardiomyopathy
DSG = desmoglein-2

DSP = desmoplakin

ECG = eletrocardiogram

fQRS = fragmented QRS

ICD = implantable
cardioverter-defibrillator

JUP = plakoglobin

LGE = late gadolinium
enhancement

LPFB = left posterior fascicular
block

LQRSV = low QRS Voltage
LV = left ventricle

LVEF = left ventricular ejection
fraction

MAE = major errhythmic event
PKP = plakophilin-2

PV = pathogenic variant

RV = right ventricle

RVEF = right ventricular
ejection fraction

SCD = sudden cardiac death
TWI = T-wave inversion
VF = ventricular fibrillation

VT = ventricular tachycardia

n recent years, some studies have
analyzed the phenotype and the genetic
features of arrhythmogenic left ventric-

ular cardiomyopathy (ALVC), even though

this cardiomyopathy is yet to be completely
described.'”® Few investigations have
analyzed the electrocardiogram (ECG) find-
ings in ALVC.>7'%*° However, limited data
have been published regarding the relation-
ship between genotype, ECG, and late gado-
linium enhancement (LGE) location, pattern,
or distribution at cardiac magnetic resonance

(CMR). A prevalent subepicardial LGE distri-

bution in inferior and lateral left ventricle

(LV) walls has been reported.?®'®1° In pa-

tients affected by nonischemic dilated cardio-

myopathy (DCM), a typical subepicardial,
ring-like LGE pattern was observed, particu-
larly in those with desmoplakin (DSP) and
filamin-C genotypes.® Regarding the outcome,
syncope and right ventricular ejection fraction

(RVEF) have been reported as relevant risk

factors for major arrhythmic event (MAE) in

arrhythmogenic cardiomyopathy.”*'® The
prognostic role of ring-like LGE, which has
been described as a hallmark of carriers of

DSP variants,® has not been previously evalu-

atedin aspecificcohort of ALVC. Furthermore,

no information is available about the potential
prognostic role of ECG in ALVC.
Recently, we described new ECG signs in

ALVC, such as the presence of left posterior
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fascicular block (LPFB), pathological Q-waves in infe-
rior and/or lateral leads, prominent R-wave in V, with a
R/Sratio =0.5, and a sum of the R-wave =8 mminIto Il
and S-wave in V,; and the R-wave in Vg =12 mm."

The aims of this study were the following: 1) to
confirm in a larger population our prior observations
about ECG findings in ALVC; 2) to evaluate the cor-
relation between ECG abnormalities and CMR and
genetic data; and 3) to explore the prognostic value of
this comprehensive ECG evaluation.

METHODS

STUDY POPULATION. A retrospective data analysis
of patients with ALVC, consecutively referred to
14 European cardiomyopathy clinics from May 1,
2015, to March 31, 2022, was performed. We collected
information on family, medical and pharmacological
history, ECG, transthoracic echocardiography,
Holter-ECG, exercise ECG, CMR, genetic test,
autopsy, endomyocardial biopsy, and implantable
cardioverter-defibrillator (ICD) reports. Patients
without interpretable ECG, with paced rhythm,
inadequate CMR data, or without accurate follow-up
data were excluded.

The diagnosis of ALVC, characterized by predomi-
nant involvement of LV with little or no abnormalities
in the right ventricle (RV), was established based on
the most recent criteria." Specifically, the criteria for
a definite diagnosis of ALVC included the following:

1. Presence of LGE in the LV, manifesting as a stria (or
band) pattern affecting =1 segment.
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2. Positive genetic testing for pathogenic (class V)/
likely pathogenic (class IV) variants in genes
responsible for desmosomal proteins associated
with ALVC."

3. Confirmation of ALVC diagnosis through endo-
myocardial biopsy (sample obtained from the LV in
one of the areas presenting LGE at CMR) or at au-
topsy,'”' for those cases in which genetic
screening did not identify any pathogenic muta-
tion, since the current prevalence of pathogenic
variants (PVs) found in ALVC probands is approx-
imately 50% to 60%."

The study was approved by the Institutional
Review Board (Cardiopatie ARITMOgene [CARITMO]
study). All patients gave written informed consent.

ECG ASSESSMENT. The ECG tracing recorded
(25 mm/s, 1 mV/cm) at the patient’s inclusion in the
study was used for the analysis. All ECG tracings were
manually analyzed by 3 independent cardiologists
(L.C., C.C., F.R.) blinded to outcomes of patients and
to the CMR data; discrepancies were resolved by
consensus. Conduction disturbances and the mea-
surement of QRS complex and PR interval duration
followed guidelines.”” LPFB was defined by the
presence of all the following: 1) frontal plane axis 100°
to 180°; 2) 1S pattern in leads I and aVL; 3) qR pattern
in leads III and aVF; 4) QRS duration <110 ms; and
5) absence of a QS pattern in I and aVL.**

The QRS complex components were measured
(millimeters) in all leads, and R/S ratio was measured
in each lead. The ECG was analyzed for the presence of
pathological Q-waves (=40 ms, or =3 mm, or qR
ratio =0.25), fragmented QRS (fQRS),** and low QRS
voltages (LQRSVs), defined as <0.5 mV in limb leads
and <1 mV in precordial leads, including both negative
and positive components.”> A LQRSV in the limb leads
was defined when each lead was <0.5 mV. When pre-
sent both in limb and precordial leads, LQRSV was
defined as global. These depolarization ECG parame-
ters were considered abnormal if present in =2
contiguous leads except aVR. Since fibrosis in ALVC
could involve the LV lateral wall, Tzou®®
(V; R-wave and Vg S-wave =0.15 mV) and Bayés de
Luna criteria®” (R/S =0.5 and R >3 mm) were analyzed.

Ventricular repolarization was analyzed in accor-
dance with the American Heart Association/American
College of Cardiology/Heart Rhythm Society state-
ment?® by: 1) corrected QT interval in lead II (Bazett
method); 2) T-wave inversion (TWI) =0.1 mV in depth
in =2 contiguous leads in the absence of complete left
bundle branch block or right bundle branch block;
and 3) ST-segment depression. Based on data of our
previous study,'® we considered employing as new
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diagnostic criteria for ALVC, the sum of the R-wave in
I and II =8 mm, and the sum of the S-wave in V; and
the R-wave in Vg =12 mm.

When available, we analyzed ECGs recorded during
follow-up to assess any changes over time.

CARDIAC MAGNETIC RESONANCE IMAGING. All studies
were acquired within 1 month after enrollment on
1.5-T machines (vendors: General Electric, Philips,
Siemens). Examinations included standard cine im-
aging with steady-state free precession, CMR and LGE
analysis was performed as recently described.”” LGE
pattern was considered as ring-like if there were at
least 3 contiguous segments with subepicardial/mid-
myocardial LGE in the same short-axis slice.® On the
basis of the location and pattern of LGE, patients were
divided in ring-like and no ring-like pattern.

GENETIC ANALYSIS. All patients underwent molec-
ular analyses after written informed consent was
obtained. Molecular analysis and variants evaluation
were performed as recently described.*®

PATHOLOGY. Autopsy with detailed cardiac analysis
was performed in accordance with current guide-
lines.”" Additional laboratory analyses (toxicology,
chemistry, microbiology, and genetic testing) were
performed. In patients accepting the invasive evalu-
ation, when indicated, an endocardial 3-dimensional
electroanatomic voltage mapping endomyocardial
biopsy from the LV was performed to confirm diag-
nosis. For each patient, 3 to 5 samples were obtained
for histology and immunohistochemistry, then fixed
in 10% phosphate-buffered formalin (pH 7.35) and
embedded in paraffin. Histological analysis was per-
formed as previously described."

PRIMARY OUTCOMES. Patients were followed during
regular outpatient clinical visits. The main endpoint
was a combined arrhythmic endpoint (MAE), which
included sudden cardiac death (SCD), aborted SCD,
and appropriate ICD shock for ventricular tachy-
cardia (VT)/ventricular fibrillation (VF). SCD was
defined as an out-of-hospital death within 1 hour
from symptom onset, in which non cardiac causes
were excluded. Aborted SCD was defined as an
appropriate ICD shock for ventricular arrhythmias,
successful resuscitation following VF or sponta-
neous sustained VT causing hemodynamic compro-
mise and requiring cardioversion.

STATISTICAL ANALYSIS. Continuous variables are
reported as mean + SD or median with lower and
upper quartiles (Q1-Q3). The normality of the distri-
bution of continuous variables was assessed with the
Shapiro-Wilk test. Categorical variables are reported
as frequencies and percentages. Comparisons
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between continuous variables were performed using
the Student t-test or the Mann-Whitney U test, as
appropriate. Comparisons between categorical vari-
ables were evaluated using the Fisher exact test or the
Pearson chi-square test, as appropriate. Logistic
regression was used to evaluate predictors of MAE
occurring either as the first manifestation of ALVC or
during follow-up and presented as the OR with
95% CI. The assumption of linearity between quanti-
tative predictors and logit was verified as follows:
each quantitative variable was transformed into a
categorical variable according to quintiles and the
median value of the variable in each quintile was
used as the value for that category. Finally, a scatter
plot was generated with the Logit in the y-axis and
the quantitative variable categorized in the x-axis.
Linearity was visually assessed in this scatter plot.
Cox regression was used to evaluate predictors of
MAE during follow-up, after exclusion of patients
with MAE as the first manifestation of the disease
with HR and 95% CI. The validity of the assumption
of proportionality was verified by visual comparison
of Cox and Kaplan-Meier curves and by analysis of
interaction with time (Supplemental Table 1). The
multivariable models were created as follows: start-
ing with all variables that showed a statistically sig-
nificant (P < 0.05) association with the effect in
univariable analysis, a best subset regression pro-
cedure was used to identify the most suitable and
parsimonious multivariable model based on the
Akaike information criterion, which is an established
parameter of the goodness of fit.

A two-tailed P value of <0.05 was considered sta-
tistically significant. Statistics were performed using
STATA 18.0/MP (StatCorp LLC).

RESULTS

STUDY POPULATION. A total of 125 patients with
ALVC (64 men [51.2%], mean age 37 + 15 years,
range 10-75 years) were included in the study.
Some data from 54 of these patients were part of
the initial published series.'® Genetic test identified
119 pathogenic/likely PVs associated with ALVC and 2
variants of uncertain significance. DSP (MIM #125647)
harbored the majority of genetic variants (81.5%)
followed by plakophilin-2 (MIM# 602861, PKP2)
(8.4%), desmoglein-2 (MIM# 125671, DSG2) (6.7%),
plakoglobin (MIM# 173325, JUP) (2.5%), and desmo-
collin-2 (MIM# 125645, DSC2) (0.8%). The study
included a patient who died suddenly with an au-
topsy diagnosis of ALVC and in whom genetic anal-
ysis was elusive. Myocardial biopsy was performed in
33 (24.4%) patients. Myocardial biopsy was positive
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in all the 5 patients with unperformed/inconclusive
genetics. Twenty-three (18.4%) had an history of
chest pain episodes with “hot phase” clinical pre-
sentation in 14 (11.2%). Four were diagnosed due to
sustained VT and 13 due to aborted cardiac arrest. Of
note, patients with variants on the PKP2 gene were in
almost all cases symptomatic (9/10) with a very strong
arrhythmic onset (2 patients had arrhythmic syn-
cope, 3 had sustained VT and 3 patients had frequent
PVC with palpitations). Table 1 shows the baseline
clinical, structural, and genetic characteristics of
our population.

CMR DATA. At CMR evaluation, the mean left ven-
tricular ejection fraction (LVEF) was 50.7% = 10.1%,
and the mean RVEF was 53.1% + 10%. A mild RV
disfunction was found in 27 patients (21.6%), 50%
carriers of DSP mutations. LGE distribution was sub-
epicardial and/or midmyocardial in 110 patients
(88%) and transmural in 15 (12%). In patients with
PKP2 PVs, a mild reduction of RVEF was found (mean
RVEF 47% + 5%) in 70% of cases with a mean LVEF of
56% + 6%; LGE involved a median of 6 LV segments
with a ring-like pattern in 4 patients. CMR data are
summarized in Table 1.

ECG FINDINGS. Electrocardiographic results are pre-
sented in Table 1 and in Figure 1. Among ECG param-
eters classically associated with ALVC, TWI was
present in 46.4% of patients, LQRSV in limb leads in
14.4% of cases and epsilon-like waves in inferior
and/or lateral leads in 9.6% of patients. Overall, any of
these 3 ECG abnormalities was observed in 57.6% of
patients. A fragmentation of QRS was found in 36.8%
of patients. Among the recently described new ECG
features, a RI + RII =8 mm and a SV1 + RV6 =12 mm
was present in 44% of patients, a R/S ratio =0.5 in
26.4%, pathological Q waves in 25.6% of cases and
LPFB in 13.6% of patients. Overall, these new ECG
parameters were found in 61 (48.8%) patients,
including 17 of those without the classical ECG signs.

RELATIONSHIP BETWEEN GENETIC, CMR, AND ECG
FINDINGS. In patients with PVs in the DSP gene, both
ring-like and nonring-like patterns were similarly
represented. In contrast, patients with variants
outside the DSP gene had a significantly higher fre-
quency of nonring-like patterns (25.4% vs 10.6%,

= 0.026). These patients also had higher RV vol-
umes, more reduced RVEF, more frequent transmural
LGE distribution, and fewer affected segments,
though not statistically significant. Supplemental
Figure 1 illustrates the differences in LGE distribu-
tion between patients with DSP and patients without
DSP. Regarding ECG findings, patients with variants
outside the DSP gene were more likely to have LPFB
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TABLE 1 Baseline Clinical, Structural, Genetic, and
Electrocardiographic Data of the Study Population (N = 125)

Age at diagnosis, y 37+15
Male 64 (51.2)
Probands 89 (71.2)
Family history of AC/DCM 68 (54.4)
Family history of SCD 38 (30.4)
NYHA functional class I-1I 121 (96.8)
NYHA functional class Il 4(3.2)
Atrial fibrillation 8 (6.4)
Unexplained syncope 15 (12.0)

NSVT 55 (44.0)
Cardiac magnetic resonance

LVEDVi (mL/m?) 93.3 +22.9
LVEF, % 50.7 +£10.1
LV WMA, % 80 (64.0)
RVEDVi (mL/m?) 84.3 +20.6
RVEF, % 53.1 +10.0
Intramyocardial fat signal 35 (28.0)
Segments with LGE 7 + 4; 6 (4-10)
LGE pattern
Ring-like 66 (52.8)
LGE distribution
Subepicardial 95 (76.0)
Midmural 15 (12.0)
Transmural 15 (12.0)

Genetic testing
Pathogenic/likely pathogenic variant 119/123 (96.7)
DSP 97/119 (81.5)
Non-DSP* 22/119 (18.5)

Continued in the next column

(31.8 vs 7.2%, P < 0.001), pathological Q waves
(50.0 vs 19.6%, P = 0.003), and an R/S ratio =0.5in V,
(45.5 Vs 20.6%, P = 0.02) (see Supplemental Table 2).

CORRELATIONS BETWEEN CMR AND ECG FINDINGS.
Several correlations between CMR and ECG findings
were observed: 1) isolated anterior TWI was more
frequent in patients with ring-like LGE (13.6% Vs
3.4%, P = 0.045); 2) pathological Q waves (46.7%
VS 22.7%, P = 0.046) and an R/S ratio =0.5 (46.7% Vs
23.6%, P = 0.048) were more common in patients
with transmural LGE; and 3) no patients with trans-
mural LGE had a normal ECG. When comparing pa-
tients with normal and abnormal ECGs, those with
normal ECGs had higher LVEF (58% + 6% Vs
50% 4+ 10%, P = 0.003). No significant differences
were found in the number of LGE segments involved.
Details on the relationship between clinical, genetic,
presented in

ECG, and CMR findings are
Supplemental Table 3.

Patients with pathological Q waves in the inferior
leads were more likely to show LGE in the lateral
apical segment on CMR (60% Vs 30.9%, P = 0.026).

TABLE 1 Continued

Electrocardiographic data

Normal ECG 15 (12.0)
QRS (msec) 96 + 15
First degree AV block 10 (8.0)
NSICD 2 (1.6)
RBBB 4 (3.2)
LAFB 15 (12.0)
LPFB 17 (13.6)
LBBB 1(0.8)
Pathological Q waves 32 (25.6)
Lateral distribution 12 (9.6)
Inferior distribution 15 (12.0)
Precordial distribution 2(1.6)
More 2 localizations 3(24)
Fragmented QRS 46 (36.8)
Lateral distribution 6 (4.8)
Inferior distribution 28 (22.4)
Precordial distribution 2(1.6)
More 2 localizations 10 (8.0)
Global LQRSV 12 (9.6)
LQRSV in limb leads 18 (14.4)
Local LQRSV
Lateral distribution 29 (23.2)
Inferior distribution 19 (15.2)
Inferolateral distribution 5(4.0)
Precordial and local distribution 12 (9.6)
Epsilon-like wave in inferior and/or lateral leads 12 (9.6)
QTc (ms) 409 + 25
QTc =440 ms 10 (8.0)
Tzou criteria® 19 (15.2)
R-wave >3 mm V, 10 (8.0)
R/S ratio =0.5 in V, 33 (26.4)
R/S ratio =1in V; 15 (12.0)
Bayés de Luna criteria® 7 (5.6)
TWI 58 (46.4)
Inferolateral TWI 9(7.2)
Anterior TWI 11 (8.8)
Inferior TWI 5(4.0)
Lateral TWI 11 (8.8)
Anterolateral TWI 15 (12.0)
Inferior-anterior-lateral TWI 7 (5.6)
New ECG criteria
SV; + RVg =12 and RI + RIl =8 (mm) 55 (44.0)

Values are mean + SD, n (%), or median (Q1-Q3) as appropriate. °DSG2 (desmo-
glein-2) n = 8; JUP (plakoglobin) n = 3; PKP2 (plakophilin-2) n = 10; DSC2
(desmocollin-2) n = 1. ®V;R =0.15 mV and VS =0.15 mV. °R/S ratio in V; =0.5 and
R amplitude in V; >3 mm.

AC = arrhythmogenic cardiomyopathy; ALVC = arrhythmogenic left
ventricular cardiomyopathy; AV = atrio-ventricular; DCM = dilated cardio-
myopathy; DSP = desmoplakin; ECG = electrocardiogram; LAFB = left
anterior fascicular block; LBBB = eft bundle branch block; LGE = late
gadolinium enhancement; LPFB = left posterior fascicular block; LQRSV = low
QRS voltage; LV = left ventricle; LVEDVi = left ventricular end-diastolic
volume indexed; LVEF = left ventricular ejection fraction; NSICD = nonspecific
intraventricular conduction delay; NSVT = nonsustained ventricular tachycardia;
QTc = corrected QT; RBBB = right bundle branch block; RVEDVi = right ventricular
end-diastolic volume indexed; RVEF = right ventricular ejection fraction;
SCD = sudden cardiac death; TWI = T-wave inversion; WMA = wall motion
abnormalities.
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FIGURE 1 Electrocardiographic Findings in Patients With Arrhythmogenic Left Ventricular Cardiomyopathy
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(A) Electrocardiogram of patient #56 (19-year-old man, pathogenic variant in desmoglein-2 c¢.271G>T, p.Gly91Ter) shows left posterior fascicular block, a fragmented
QRS in V; to V3 and T-wave inversion in Vs to Vs. (B) Electrocardiogram of patient #83 (71-year-old man, likely pathogenic variant in desmoglein-2 p.Val295Serfs*6)
displays global low QRS voltage, anterior T-wave inversion, and R/S ratio =0.5 in V; (red box). (C) Electrocardiogram of patient #19 (35-year-old man with pathogenic
variant in desmoplakin c.5210delG p.Gly1737AspfsTer16) displays low QRS voltage in limb leads and pathological inferior Q waves (blue boxes). (D) Patient #86
(14-year-old man, pathogenic variant in plakophilin-2, c.1378+1G>C), had an aborted sudden cardiac death at presentation; his electrocardiogram shows left
posterior fascicular block and T-wave inversion in V; to V3. A sum of the R-wave in | to Il =8 mm and SV; + RVe =12 mm, a R/S ratio =0.5 in V; are also present.

All the electrocardiograms presented were performed at 25 mm/s with 1 mm/mV.

A higher involvement of the lateral, apical, and mid-
anterolateral segments was observed in patients with
pathological lateral Q-waves (85.3% Vs 51.3%,
P = 0.035). There were no significant differences in
LGE distribution between patients with and without
LPFB compared to the general population. However,

it should be noted that 70% of patients with LPFB had
inferior LGE. The presence of LGE in basal septal
segments was more common in patients without an
R/S ratio =0.5 in V; compared to those with this
finding (basal anterior interventricular septum 37% vs
9.1%, P = 0.003; basal inferior interventricular
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septum 38% vs 18.2%, P = 0.038). No significant dif-
ferences in LGE distribution were found between
patients with and without RI + RII =8 mm or a SV, +
RVg =12 mm.

COMPARISON OF PROBANDS AND RELATIVES.
Among 89 probands, 21 patients (23.6%) were
asymptomatic at the first evaluation. The clinical
suspicion in these patients was done by ECG abnor-
malities or by asymptomatic PVCs. Among symp-
tomatic probands, 17 patients (19.1%) had a MAE or
syncope as first clinical manifestation. The remaining
probands referred palpitations or chest pain (with or
without myocardial infarction with non-obstructive
coronary arteries/myocarditis events).

In comparison with probands, relatives were less
symptomatic (23.6% vs 58.3%; P < 0.001) and had more
often a normal ECG (22.2% vs 7.9%; P = 0.026). No
relatives showed global LQRSV, while a R/S ratio =0.5
in V; was more prevalent in proband group (31.5% Vs
13.9%, P = 0.044). At CMR, probands revealed more
depressed LVEF (49.2% + 10.3% Vs 54.5% =+ 8.6%,
P = 0.007) and a major number of LGE segments
involved (6 [Q1-Q3: 4-10] vs 4 [Q1-Q3: 3-7], P = 0.013).
Details are reported in Supplemental Table 4.

ECG PROGRESSION DURING FOLLOW-UP. Follow-up
ECGs were available for analysis in 72 of 125 patients
(57.6%). During a median follow-up of 45 months (Q1-
Q3: 27-70), ECG changes were observed in 39/72 pa-
tients (Figure 2). Two of the 9 patients with normal
baseline ECG developed ECG abnormalities during
follow-up. New appearance or deepening of Q-waves,
mainly in inferior leads, was detected in 8 patients. In
3 patients, we observed the new appearance of a
LPFB. Low voltages in limb leads and in precordial
leads (mainly in Vs-Ve) was detected in 15 and 23
patients, respectively. Ventricular repolarization ab-
normalities were noted in 17 subjects with occurrence
of TWI in 10.

FOLLOW-UP. The median follow-up was 57 months
(Q1-Q3: 25-89). Sixty-seven (53.6%) patients received
an ICD (43 primary prevention, 24 secondary pre-
vention). MAE occurred in 35 patients (28%) (SCD = 3,
aborted cardiac arrest = 21, ICD shock for VT/VF = 11):
17 patients had a MAE as the first manifestation of the
disease and 23 patients had a MAE during follow-up.
Among those with the MAE as the first manifesta-
tion of the disease, 5 had recurrent MAE during
follow-up. Table 2 shows the main clinical, structural,
genetic, and ECG findings of the study population
according to presence or absence of composite
endpoint. MAE were significantly more frequent in
patients with unexplained syncope, transmural LGE,
and reduced LVEF and RVEF. In addition, patients
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with variants not occurring in the DSP gene experi-
enced more MAE (54.5% Vs 19.6%; P = 0.001).

Among ECG findings, LPFB, R/S ratio =0.5 and =1
in V1 were significantly more frequent in patients
with MAE. Of note, the association between LPFB
and MAE was limited to patients without DSP
while among carriers of DSP variants there was no
difference in the prevalence of MAE in those with or
without LPFB (P > 0.99); a significant linear increase
(P < 0.001) in the prevalence MAE was observed going
from patients without DSP with or without LPFB (20%
with MAE) to patients with DSP without LPFB (40%
with MAE) and patients with DSP with LPFB (86% with
MAE). Only 1 of the 15 patients with a normal ECG
experienced MAE in comparison with 34/110 patients
(30.1%) with an abnormal ECG (P = 0.057).

The univariable and multivariable logistic regres-
sion analyses for MAE are shown in Table 3. The
univariable analysis revealed that, among ECG vari-
ables, LPFB (OR: 4.74; 95% CI: 1.6-13.8; P = 0.004),
R/S ratio =0.5 in lead V; (OR: 3.00; 95% CI: 1.3-7.0;
P = 0.011), anterior TWI (OR: 2.54; 95% CI: 1.1-6.0;
P = 0.035), and SVi + RV6 =12 mm and