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ARRHYTHMOGENIC CARDIOMYOPATHY IN CHILDREN: GENETIC BASIS AND PHENOTYPIC
MANIFESTATIONS. A SINGLE CENTER EXPERIENCE
O.A Kofeynikova, K.A.Chueva, A.A.Kostareva, S.G.Fetisova, D.S.Lebedev, T.M.Pervunina, E.S.Vasichkina
Almazov National Medical Research Center, Russia, Saint-Petersburg, 2 Akkuratova str.

Aim. To investigate clinical manifestations, phenotypic variants, genetic features, and outcomes in children with
arrhythmogenic cardiomyopathy (ACM).

Methods. The study group consisted of 24 patients (< 18 years of age) with ACM, who were under observation from
2011 to 2024. The median age at ACM diagnosis was 13 years [12-15]. The following data were analyzed: complaints
and medical history, laboratory parameters (biochemical markers of inflammation and serum myocardial damage mar -
kers, NT-proBNP levels), electrocardiogram, Holter monitoring, echocardiography results, cardiac magnetic resonance
imaging, selective coronary angiography, histological and molecular genetic studies. The median follow-up duration for
ACM patients was 27 months [16.5-38].

Results. All patients were unrelated probands. All children presented with asymptomatic ventricular arrhythmias
(VA) as the initial manifestation of the disease, 23 (95.8%) patients had complaints: palpitations in 21 (87.5%) children,
syncope in 14 (58.3%) children, heart failure symptoms in 12 (50.0%), and isolated chest pain in 4 (16.7%) patients. 5
(20.8%) children had a “hot” phase. Analysis of arrhythmic data revealed several features of ACM in childhood: VAs were
polymorphic, daily VA density was less than 20% at the time of diagnosis, presence of late ventricular potentials in most
patients, and several criteria from the «repolarization abnormalities» group had low informativeness. During follow-up,
9 (37.5%) children had the right-dominant ACM, 7 (29.9%) had ACM with left ventricle involvement, and 8 (33.3%)
had biventricular form. Desmosomal mutations were found in 16 children (66.7%), non-desmosomal gene variants in 8
patients (33.3%).

Conclusion. It has been shown that ACM can manifest at an early age and is associated with the development of
arrhythmic events and/or severe heart failure. Increasing awareness among physicians about the early onset of ACM is
crucial for timely treatment of heart failure, prevention of sudden cardiac death, and family screening.
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Arrhythmogenic cardiomyopathy (ACM) is a rare
hereditary cardiomyopathy characterised by fibro-fatty
replacement of the myocardium in both ventricles [1-3].
According to current estimates, the prevalence of ACM
among adults ranges from 1 in 1,000 to 1 in 5,000 [4].

Although ACM is relatively uncommon, its clinical
significance is extremely high due to the elevated risk of
life-threatening complications, including ventricular ar-
rhythmias (VAs), heart failure (HF), and sudden cardiac
death (SCD) [1-3]. Published data indicate that ACM ac-
counts for up to 25% of SCD cases among children and
adolescents [5].

Despite the severity of the condition, awareness of
ACM in paediatric practice remains insufficient, for sev-
eral reasons.

© Autors 2025

First, for many years ACM was considered a disease
predominantly affecting individuals over the age of 30 to
40 and was thought to be extremely rare in children [1-3,

Table 1.
Data on the age of disease onset in children across
different age groups according to the classification of
childhood periods by 1.M. Vorontsov and A.V. Mazurin
(2009)

Age group Total, n (%)

1-3y.o. 0

4-6 y.0. 3 (12.5)

7-11y.0. 6 (25.0)

>12y.0. 15 (62.5)
@)evao |
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6-7]. To date, only a limited number of international stud-
ies have described small paediatric cohorts with ACM,
and follow-up periods in these studies have generally been
short [8-14]. In the Russian literature, we found only iso-
lated case reports of ACM in children [15-17].

Second, prior to 2019, ACM was regarded exclu-
sively as a disorder affecting the right ventricle (RV) [2].
However, subsequent research confirmed that the left ven-
tricle (LV) can also be involved, leading to the recognition
of new disease phenotypes, namely the left-dominant and
biventricular forms [2, 18-20]. It is important to note that
the 2010 Task Force Criteria (TFC 2010) were designed
to identify only the classic RV phenotype, which substan-
tially limited the detection of other forms of the disease
[18-21]. To address this limitation, the Padua Criteria were
introduced in 2020, incorporating diagnostic parameters
for evaluating involvement of both ventricles and thereby
expanding diagnostic capabilities [18, 22].

Third, existing diagnostic criteria are not adapted for
use in children [23-24]. For instance, certain ACM criteria
require cardiac magnetic resonance imaging (MRI) with
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Fig. 1. Electrocardiographic and arrhythmic criteria of arrhythmogenic
cardiomyopathy in paediatric patients, where a - repolarisation and depolarisation
criteria, b - arrhythmic criteria, ¢ - characteristics of ventricular arrhythmias,

d - burden of ventricular arrhythmia at the time of diagnosis., VPB - ventricular

premature beats, VT - ventricular tachycardia.
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contrast or endomyocardial biopsy, both of which may
be difficult to perform in children due to age-related re-
strictions and the high risk of complications. Additionally,
electrocardiographic criteria such as T-wave inversion in
the right precordial leads (V1-V3) are considered normal
in children younger than 14-16 years, and epsilon waves
are rarely seen in paediatric populations, as they tend to
appear at later stages of the disease [23-25]. Moreover, the
manifestations of ACM, including ventricular arrhythmias
and morphofunctional myocardial changes, lack specificity
and require careful differential diagnosis with other similar
conditions.

Fourth, ACM in children often presents without
symptoms or with only minimal clinical signs, making
early diagnosis and treatment challenging. In some cases,
SCD in children may be the first and only manifestation of
the disease [2, 8-9].

Taken together, these factors underscore the need for
increased attention to ACM in the paediatric population
and the implementation of measures aimed at improving
the effectiveness of early diagnosis in order to reduce pae-
diatric mortality. Several key is-
sues remain unresolved, includ-
ing the natural history of ACM
in childhood, the absence of
validated paediatric diagnostic
criteria, and challenges in differ-
ential diagnosis.

The aim of the present
study was to describe the clin-
ical features, phenotypic vari-
ants, genetic characteristics, and
outcomes of ACM in the largest
paediatric cohort of patients with
this condition in the Russian
Federation.

METHODS

37,5%

<20%

Between 2011 and 2024,
24 patients under the age of 18

were followed as part of the
paediatric ACM registry (da-
tabase registration certificate
No. 2022621121, dated 04 May
2022). The diagnosis of ACM
was established according to the
2010 Task Force Criteria and the
Padua criteria [21-22].

Table 2.

: : AP - : : : : The median age at diag-
Histological findings in paediatric patients with arrhythmogenic cardiomyopathy nosis was 13 years (interquar-
Ne| Genotvpe | Condi- Residual Fibrosis | LiPoma- Inflamma- | tile range, 12 to 15). Among the

. P tions CMCs, % tosis tion patients, 15 (62.5%) were boys
1 | PKP2/PKP2 NH 0-30 ; } n and 9 (37.5%) were girls. The

median follow-up duration was

2 PKP2 EMB 37 + _ 27 months (interquartile range,
3 MYH7 NH 5-10 + + 16.5 to 38).

4 FLNC EMB - + - - Comprehensive  clinical
5 SYNEL EMB 33 n - - evaluation included history and

symptom review, laboratory test-

6 PKP2 NH <40 A * il ing (inflammatory biochemical

Note: CMCs - cardiomyocytes; NH - native heart; EMB - endomyocardial biopsy.

markers, serum cardiac injury
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biomarkers, NT-proBNP), and cardiovascular instrumental
assessment. This included electrocardiography (ECG), 24-
hour Holter ECG monitoring, transthoracic echocardiogra-
phy (Echo), contrast-enhanced cardiac MRI, selective cor-
onary angiography (if indicated), histological examination
(if indicated), and molecular genetic analysis.

Electrocardiographic and Holter monitoring focused
on identifying ACM-specific ECG criteria, including de-
polarisation and repolarisation abnormalities (age-specific
assessment of repolarisation in precordial leads, presence
of epsilon wave, QRS voltage in limb leads; low voltage
defined as <0.5 mV). In the presence of ventricular rhythm
disturbances, their burden, morphology, and origin were
assessed.

Echocardiography included measurements of cardi-
ac chamber size, biventricular systolic function, and wall
motion abnormalities. Criteria for RV and/or LV dilation
or dysfunction were as follows: RV dilation >2 z-score,
RV FAC <35%, RVOT PLAX/BSA >16 mm/m?, RVOT
PSAX/BSA >18 mm/mz2; LV dilation >2 z-score, LVEF
<50%, and regional wall motion abnormalities in the LV
or RV. RV z-scores were calculated using the Koestenberg-
er calculator, and LV z-scores using the Boston Children’s
Hospital (BCH) Z-score calculator.

Cardiac MRI with contrast included evaluation
of chamber dimensions, biventricular contractility, and
myocardial fibrosis. LV dilation and/or dysfunction were
defined by end-diastolic volume >120 mL/m? and LVEF
<50%; RV dysfunction was defined by RVEF <40% and
RVEDV >120 mL/m2 in males or >110 mL/m? in females,
with associated wall motion abnormalities.

Histological assessment (performed via endomyo-
cardial biopsy of the right heart chambers or native heart
tissue after transplantation) included haematoxylin and eo-
sin staining, and Van Gieson staining. Immunohistochem-
istry using antibodies against CD3, CD68, and HLA-DR
was performed to exclude myocarditis. Morphometric
analysis of residual cardiomyocyte area and inflammatory
infiltrates was conducted using the Image Scope Color M
image analyser (Russia).

Genotyping was performed using targeted next-gener-
ation sequencing with a panel of 172 genes most commonly
associated with cardiomyopathy. Variant pathogenicity was
classified according to the 2015 ACMG criteria [26].

Following diagnosis, patients received
antiarrhythmic and heart failure therapy, as well
as interventional treatments including radiofre-
quency ablation of arrhythmogenic foci and
implantation of implantable cardioverter-de-
fibrillators (ICDs), in accordance with current
clinical guidelines at the time of decision-mak-
ing. In cases of end-stage heart failure, patients
were placed on the heart transplant waiting list
(HTWL) and subsequently underwent orthot-
opic heart transplantation using the bicaval
technique with cardiopulmonary bypass and
pharmacohypothermic cardioplegia.

This study was conducted in accordance
with the Declaration of Helsinki (1964) and
approved by the Ethics Committee of the Alm-
azov National Medical Research Centre (Pro-
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tocol No. 01-23, dated 23 January 2023). Written informed
consent was obtained from all legal guardians prior to in-
clusion in the study.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics version 26 (IBM Corporation, USA). Both para-
metric and non-parametric methods were applied. Due to
the sample size, the Shapiro-Wilk test was used to assess
normality of distribution.

Categorical variables were presented as absolute val-
ues and percentages. Continuous variables were expressed
as mean = standard deviation for normally distributed data,
or as medians with interquartile ranges (50 [25, 75]) for
non-normally distributed data. Comparisons between cat-
egorical variables were made using Pearson’s chi-squared
test or Fisher’s exact test, as appropriate. A p-value <0.05
was considered statistically significant.

Survival analysis without arrhythmic events was per-
formed using the Kaplan-Meier method.

RESULTS

All patients were unrelated probands. A review of
the medical records revealed that in all children, the dis-
ease onset manifested as asymptomatic ventricular ar-
rhythmias (VAs), with one-third of patients experiencing
VA before the age of 12 years (Table 1). In 7 children
(29.2%), ventricular rhythm disturbances were detected
during routine screening, while in 17 children (70.8%)
they were identified by a paediatrician following inter-
current illnesses. The analysis showed that, in most cas-
es, the initial presentation was isolated, infrequent ven-
tricular ectopy (VES), observed in 22 patients (91.7%).
Only 2 patients (8.3%) presented with sustained mono-
morphic VT as the first manifestation. Clinical symptoms
and morphofunctional changes were observed later. The
median age at onset of symptoms and morphofunctional
abnormalities was 12 years [10.5-15] and 12 years [11-
15], respectively. The median age at diagnosis of ACM
was 13 years [12-15].

Clinical Picture and Family History

Symptoms were reported in 23 patients (95.8%),
while one child (4.2%) remained asymptomatic. Palpi-
tations were reported in 21 children (87.5%), syncope
in 14 (58.3%), and HF symptoms, such as dyspnoea

%
PKP2
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Fig. 2. Genetic spectrum of arrhythmogenic cardiomyopathy in
children.
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and reduced exercise tolerance, in 12 (50.0%). Chest
pain was observed in 4 children (16.7%). Five patients
(20.8%) presented with a distinct and rare manifestation
- a symptom complex involving chest pain and elevat-
ed troponin I, consistent with an “inflammatory phase”.
This manifestation was independent of ACM phenotype
and was more common in patients with desmosomal
mutations. Disease progression was noted in all chil-
dren following this “hot” phase. Myocarditis and acute
coronary syndrome were ruled out in all such cases due
to similar clinical and laboratory features. None of the
patients experienced sudden cardiac arrest. However, 4
patients (16.7%) had a positive family history of SCD,
all involving first- or second-degree relatives. No pa-
tient had a known family history of ACM.

Table 3.
Outcomes in children with arrhythmogenic cardiomyo-
pathy

Outcomes Quantity
Syncope, n (%) 14 (58.3)
Sustained VT, n (%) 8 (33.3)
ICD activation, n (%) 5 (20.8)
HTWL / HTx, n (%) 5(20.8)

Note: VT - ventricular tachycardia; ICD - implantable
cardioverter-defibrillator; HTWL - heart transplant waiting
list; HTx - heart transplantation.

100

60

10

Arrhythmia-free survival

0 12 4 36 18 60 72
Duration since onset of ventricular arrhythmias, months

Number of
patientsat 24 " 12 9 7 6 1 1
risk

Fig. 3. Kaplan-Meier curve illustrating event-free
survival from arrhythmic events.
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Fig. 4. Kaplan-Meier curves illustrating event-free
survival from arrhythmic events: the red line represents
patients with a PKP2 mutation, and the blue line
represents patients with a non-plakophilin genotype.
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Electrocardiographic and Arrhythmic Findings

All paediatric patients had more than 500 VES per
day. Sustained VT was recorded in 16 patients (66.7%).
Monomorphic VEs were observed in only 3 patients
(12.5%), while the remaining 21 (87.5%) exhibited poly-
morphic VEs (2 to 4 morphologies). Among those with VT,
12 (50.0%) had monomorphic VT, and 9 (37.5%) had poly-
morphic VT. Four children (16.7%) presented exclusively
with polymorphic VT. Before antiarrhythmic treatment,
the median daily burden of ventricular arrhythmias was
8.75% [1.9-11.1], based on 24-hour Holter monitoring.

The “minor” ECG criterion of T-wave inversion in
leads VV1-V4 with complete right bundle branch block, as
defined by the 2010 TFC, was observed in only one pa-
tient (4.2%) with RV involvement at age 17. Two chil-
dren (8.3%) with LV involvement at age 16 had negative
T-waves in leads V4-V6, consistent with the “minor” Pad-
ua criterion. One patient (4.2%) with biventricular ACM
had T-wave inversions in leads VV1-V4 at age 17, meeting
the “major” Padua criterion. Epsilon waves (a “major” cri-
terion per TFC 2010 and “minor” by Padua) were identi-
fied in only 4 patients (16.7%) with biventricular disease,
and only in the late stages, after 4 to 5 years of follow-up.
Late ventricular potentials were found in 19 cases (79.2%).
In summary, analysis of ECG and arrhythmic data
revealed several distinct features of paediatric ACM: poly-
morphic VAs, VA burden less than 20% at diagnosis, pre-
dominance of RV involvement, and low diagnostic value
of repolarisation abnormality criteria (Figure 1).

Morphofunctional and Structural Features

At the time of diagnosis, 11 children (45.8%) had a
right-dominant form of ACM, 9 (37.5%) had LV involve-
ment, and 4 (16.7%) had biventricular disease. During fol-
low-up, several patients with initial univentricular involve-
ment progressed to a biventricular phenotype. Specifically,
2 patients each (8.3%) with initial LV or RV involvement
developed biventricular disease.

Aneurysm formation was documented in 7 children
(29.2%) during follow-up: 5 (20.8%) had RV aneurysms,
1 (4.2%) had an LV aneurysm, and 2 (8.3%) developed
aneurysms in both ventricles.

Myocardial fibrosis, characteristic of the disease, was
detected in all 22 patients (91.7%) who underwent con-
trast-enhanced cardiac MRI. Two children (8.3%) did not
undergo MRI due to severe arrhythmias.

Histological Analysis

Histological evaluation was performed in 6 patients
(25.0%, Table 2). Three patients (12.5%) underwent his-
tological analysis of the explanted native heart after heart
transplantation (HTx), and three others had endomyocar-
dial biopsy during radiofrequency ablation procedures. In
all cases, ACM diagnosis was confirmed by the presence
of fibrotic myocardial changes (a “major” Padua criterion),
and cardiomyocyte residual area was below 40% (a “ma-
jor” criterion per TFC 2010). In 3 cases (12.5%), lipoma-
tous changes were also found, consistent with the disease’s
typical features.

Genetic Analysis and Family Screening

Desmosomal mutations were identified in 16 children
(66.7%), including PKP2 variants in 8, DSP in 3, DSC2
and DSG2 in 2 each, and JUP in 1 patient. Three patients
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had compound heterozygosity involving two PKP2 vari-
ants, and one child had two DSP variants, consistent with
Carvajal syndrome. Non-desmosomal gene variants were
detected in 8 patients (33.3%), including FLNC, MYH7/
FKTN, RYR2, ALPK3, SCN5A, and SYNE1 (Figure
2). Two patients (8.3%) had digenic mutations - MYH7/
FKTN and PKP2/CDH2. Homozygous mutations in DSC2
were found in 2 patients (8.3%), while all other variants
were heterozygous. Non-desmosomal mutations were sig-
nificantly more common in LV-dominant forms of ACM
(p<0.05).

All families were offered cardiovascular and genet-
ic cascade screening. Cardiological screening was com-
pleted for all families, and all parents and siblings were
asymptomatic at the time. Genetic testing was successful
in 3 families with early disease onset, severe phenotype,
and compound genotypes. In these three families, one or
both parents carried a single PKP2 variant, although they
remained asymptomatic at the time of clinical evaluation.

Disease Course and Outcomes

The median follow-up duration was 27 months [16.5-
38]. Adverse outcomes included arrhythmic events (syn-
cope, sustained VT, implantable cardioverter-defibrillator
[ICD] discharges) and inclusion on the HTx waiting list
(Table 3).

Arrhythmic events occurred in 15 children (62.5%).
Importantly, there were no cases of SCD or death. ICD
shocks were recorded in 5 patients (20.8%), with multiple
shocks (3 to 8 discharges) in 4 of these cases.

Kaplan-Meier analysis demonstrated that the medi-
an time to the first arrhythmic event was 17 months from
VA onset (95% CI: 0.00-63.64). Arrhythmic events were
defined as the first occurrence of sustained VVT/ventricular
fibrillation, syncope, or ICD discharge following VA onset.
Hence, by 17 months from disease onset, at least 50% of
children with ACM experienced an arrhythmic event (Fig-
ure 3). The median time to the arrhythmic event in our co-
hort was 4 months [2-12].

Since PKP2 mutations were the most frequent in this
cohort, survival without arrhythmic events was analysed
in patients with PKP2 variants versus other genotypes.
The difference in arrhythmia-free survival based on gen-
otype was statistically significant (p=0.025). The median
time to arrhythmic event was
not reached in the PKP2 group,
whereas in patients with other
mutations, it was 3.0 months
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oped within 12 months [12-26] of follow-up. The median
age at inclusion on the HTx waiting list was 12 years [11-
14]. At the time of writing, 3 children (12.5%) had under-
gone heart transplantation.

DISCUSSION

This study presents the clinical and genetic character-
istics of a paediatric cohort diagnosed with ACM. Histori-
cally, ACM was considered a condition primarily affecting
adults, with peak incidence reported in the third and fourth
decades of life [1-3, 6-7, 18-20]. However, contemporary
evidence indicates that disease onset may occur much ear-
lier, including in infancy [27-28]. In our study, three chil-
dren (12.5%) presented with initial manifestations in the
form of VAs as early as four years of age. One of these
patients had Carvajal syndrome, which is known for early
phenotypic expression. One-third of the children exhibited
disease onset before the age of 12 years.

Recent studies demonstrate that the risk of life-threat-
ening VAs, sudden SCD, and advanced heart failure is
higher in paediatric ACM than in adult cases. L. Daliento
reported a higher incidence of SCD among young patients
compared to adults with ACM [8]. Similarly, A. Te Riele
found SCD to be a hallmark complication of paediatric
forms of ACM [10]. Literature data also indicate that end-
stage HF requiring heart transplantation (HTXx) is increas-
ingly observed in ACM, including in paediatric patients.
According to K. Chen, the frequency of HTx and HF-relat-
ed mortality in ACM ranges from 2% to 22% [29].

In our cohort, arrhythmic events were recorded in
50% of patients, with a median time from VA onset to the
first event of 4 months. Kaplan-Meier analysis revealed a
median time to arrhythmic event of 17 months from VA
onset (95% CI: 0.00-63.64). Advanced HF (NYHA class
111-1V) was diagnosed in 20% of patients.

These findings underscore the critical importance of
early ACM diagnosis in paediatric practice, primarily to
prevent SCD and to ensure timely inclusion on the heart
transplant waiting list. Nevertheless, diagnosing ACM in
children remains particularly challenging. In early stages,
the disease may be asymptomatic, making detection during
routine evaluations difficult [29, 30]. In our study, 100%
of patients presented with infrequent asymptomatic VAs as

Table 4.

Phenotype-genotype characteristics in patients with severe heart failure due to
arrhythmogenic cardiomyopathy

(95% CI: 0.078-5.92) (Figure 4). | No 1 2 3 4 5
Five children (20.8%) had Sex f f m f m

severe chronic HF. Their geno- - -

types were characterised as fol- | Age at HTx /inclusion on 1 16 8 12 16

lows: 3 (12.5%) had pathogenic | HTWL, years

compound heterozygous desmo- | Primary involvement RV RV LV RV RV

chmal_ mutations, 2 (8;3%)I had | Phenotype BiV BiV BiV BiV BiV
igenic  mutations involving

both desmosomal and non-des- PKP2/ | MYHII\ - DSP/ PKP2] DSC2

or | Genotype CDH2 | FKTN DSP PKP2

mosomal genes, and 1 (4.2%) LPVUS | PIVUS | PP | PP LP

had a homozygous mutation

(Table 4). HTx + + HTWL + HTWL

Clinical manifestations of
NYHA class Il1-IV HF devel-

Note: BiV - biventricular; LV - left ventricle; HTWL - heart transplant waiting list;
RV - right ventricle; HTx - heart transplantation.
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the initial manifestation, discovered incidentally. Similar
findings were reported by M. Cicenia et al. in an Italian
paediatric cohort, describing an asymptomatic disease on-
set with minor ventricular rhythm disturbances identified
by chance [13].

One possible reason for delayed ACM diagnosis may
be that VAs go unnoticed due to their rarity and lack of
subjective symptoms. Furthermore, clinical manifestations
of ACM may resemble other cardiovascular disorders [2],
complicating differential diagnosis. This is particularly
true for recurrent episodes of substernal chest pain ac-
companied by elevated troponin I, referred to as the “hot
phase” [28, 32]. Unlike in adults, this symptom complex is
more frequently observed in children and may constitute
the first disease manifestation, requiring careful differenti-
ation from acute coronary syndrome and acute myocarditis
[28, 32].

According to published data, paediatric ACM is often
diagnosed through cascade family screening of adult rela-
tives with the condition [8-13]. The absence of a positive
family history may hinder diagnostic evaluation in chil-
dren. In our cohort, only 4 patients (16.7%) had a family
history of sudden cardiac death (SCD), and none had rela-
tives with a confirmed ACM diagnosis. This is not always
attributable to de novo mutations; it may also result from
late phenotypic expression among carriers, diagnostic
limitations in previous generations, or reduced gene pen-
etrance [33-35].

Electrocardiographic (ECG) markers of repolarisa-
tion and depolarisation abnormalities often precede mor-
phological myocardial remodelling and can serve as early
indicators of ACM [2]. In our study, T-wave inversions
(repolarisation abnormalities) had diagnostic value in only
4 of 24 cases (16.7%) due to age-related limitations. Epsi-
lon waves were detected at a similar frequency (16.7%).
These findings are consistent with international studies
that demonstrate the low diagnostic yield of repolarisation
abnormalities and epsilon waves in paediatric populations
[23-25, 36].

Our findings confirm the high prevalence of arrhyth-
mic manifestations in paediatric ACM, with all patients ex-
hibiting VAs However, only 2 patients (8.3%) met the “ma-
jor” arrhythmic criterion of the 2010 TFC, which includes
sustained ventricular tachycardia with left bundle branch
block morphology and superior axis. The remainder pre-
sented with VVTs of different morphologies, including poly-
morphic forms, at disease onset. These data highlight the
potential limitations of applying arrhythmic criteria to pae-
diatric populations and support the hypothesis by R. Shrip-
rasad et al. that any VT in children may serve as a marker
of ACM [37].

Another major diagnostic challenge in paediatric
ACM lies in identifying Iv involvement in left-dominant
and biventricular forms. In our cohort, more than half of
the patients exhibited non-classical phenotypes (left-dom-
inant or biventricular), which initially led to misdiagnoses
such as dilated cardiomyopathy, tachycardia-induced car-
diomyopathy, or myocarditis. Cardiac MRI with contrast,
genetic testing, and in some cases, histological examina-
tion played critical roles in confirming these “non-classi-
cal” ACM phenotypes [11].

47

All patients in our cohort had pathogenic variants.
In 66.7% (16/24), desmosomal mutations were identified,
most frequently involving PKP2, followed by DSP, DSG2,
DSC2, and JUP (associated with Carvajal syndrome) [15].
Among non-desmosomal genes, mutations were found in
FLNC, RYR2, MYH7, SCN5A, ALPK3, and SYNE1. No-
tably, we observed a clear association between non-desmo-
somal mutations and LV involvement. Additionally, some
patients carried pathogenic variants in genes associated
with other hereditary cardiac disorders, such as MYH7,
SCN5A, FLNC, and RYR2 [2]. This suggests possible dif-
ferences in the underlying molecular mechanisms and em-
phasises the importance of long-term follow-up to better
understand phenotypic expression.

Rare ACM genotypes were identified in our cohort,
including MYH7 and ALPK3 mutations associated with
biventricular phenotypes. Only a few such cases have been
described in the literature, and they appear to carry a high
risk of arrhythmic complications [29, 38-39]. One patient
harboured a SYNEZ1 mutation, which had not previously
been reported as causative of ACM. However, the pheno-
typic profile, including histological findings, met ACM di-
agnostic criteria.

Genetic testing has both diagnostic and prognostic
value. Patients with advanced heart failure (HF) frequent-
ly carried either compound heterozygous or homozygous
mutations, or digenic mutations. These findings align with
existing literature. Furthermore, we observed that patients
with PKP2 variants experienced significantly fewer ar-
rhythmic events (syncope, sustained VVT/ventricular fibril-
lation, ICD activation) compared with children with mu-
tations in other genes. These results support international
evidence indicating a higher arrhythmogenic risk associ-
ated with ALPK3, DSP, and FLNC mutations [2, 38-39].

In summary, increased clinical suspicion of ACM,
comprehensive cardiovascular assessment including con-
trast-enhanced cardiac MRI and genetic screening, and
close longitudinal follow-up are essential for early de-
tection of the disease, even in the presence of minimal
symptoms. These measures facilitate risk stratification for
life-threatening complications and allow for the develop-
ment of personalised treatment and monitoring strategies.

Study limitations

This study has several limitations. First, the small
cohort size reflects the rarity of ACM in the paediatric pop-
ulation. Second, incomplete clinical data may have impact-
ed diagnostic verification; for instance, contrast-enhanced
cardiac MRI was performed in 91.7% of patients (22 out of
24), while histological confirmation was available in only
25% (6 out of 24), which could influence the accuracy of
diagnosis in certain cases. Another important limitation is
the lack of parental genetic testing in most families. This
precluded determination of whether the identified muta-
tions were de novo or inherited, thus limiting the assess-
ment of gene penetrance and familial risk.

CONCLUSION

This study presents the first comprehensive descrip-
tion of a paediatric cohort of patients with ACM in Russian
clinical practice. Our findings contribute to a broader un-
derstanding of the clinical course and outcomes of ACM in
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children. It has been demonstrated that ACM may present
at an early age and is associated with the development of
arrhythmic events and/or severe heart failure. Enhancing
clinician awareness of early-onset ACM, as well as imple-
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menting modern diagnostic approaches, is essential for the
timely management of heart failure, prevention of sudden
cardiac death, and initiation of familial screening - mea-
sures that may significantly improve clinical outcomes.

REFERENCES

1. Corrado D, Link MS, Calkins H. Arrhythmogenic right
ventricular cardiomyopathy. N Engl J Med. 2017;376: 61-
72. https://doi.org/10.1056/NEJMral509267.

2. Towbin JA, McKenna WJ, Abrams DJ, et al. 2019 HRS
expert consensus statement on evaluation, risk stratifica-
tion, and management of arrhythmogenic cardiomyopa-
thy. Heart Rhythm. 2019;16(11): e301-e372. https://doi.
org/10.1016/j.hrthm.2019.05.007.

3. Marrone D, Zampieri F, Basso C, et al. History of the
discovery of Arrhythmogenic Cardiomyopathy. Eur. Heart
J. 2019;40: 1100-1104. https://doi.org/10.1093/eurheartj/
ehz145.

4. McKenna WJ, Maron BJ, Thiene G. Classification, Ep-
idemiology, and Global Burden of Cardiomyopathies. Circ
Res. 2017;121(7): 722-730. https://doi.org/10.1161/CIR-
CRESAHA.117.309711.

5. Thiene G, Nava A, Corrado D et al. Right ventricular
cardiomyopathy and sudden death in young people. N
Engl J Med. 1988;318(3): 129-33. https://doi.org/10.1056/
NEJM198801213180301.

6. Te Riele AS, James CA, Groeneweg JA, et al. Approach
to family screening in arrhythmogenic right ventricular
dysplasia/cardiomyopathy. Eur Heart J. 2016;37(9): 755-
63. https://doi.org/10.1093/eurheartj/ehv387.

7. Te Riele AS, James CA, Calkins H, et al. Arrhythmo-
genic Right Ventricular Cardiomyopathy in Pediatric Pa-
tients: An Important but Underrecognized Clinical Entity.
Front Pediatr. 2021;9: 750916. https://doi.org/10.3389/
fped.2021.750916.

8. Daliento L, Turrini P, Nava A, et al. Arrhythmogenic
right ventricular cardiomyopathy in young versus adult
patients: similarities and differences. J Am Coll Cardi-
ol. 1995;25(3): 655-64. https://doi.org/10.1016/0735-
1097(94)00433-Q.

9. Bauce B, Rampazzo A, Basso C, et al. Clinical phe-
notype and diagnosis of arrhythmogenic right ventricular
cardiomyopathy in pediatric patients carrying desmosom-
al gene mutations. Heart Rhythm. 2011;8(11): 1686-95.
https://doi.org/10.1016/j.hrthm.2011.06.026.

10. Te Riele AS, James CA, Sawant AC, et al. Arrhyth-
mogenic Right Ventricular Dysplasia/Cardiomyopathy in
the Pediatric Population: Clinical Characterization and
Comparison With Adult-Onset Disease. JACC Clin Elec-
trophysiol. 2015;1(6): 551-560. https://doi.org/10.1016/].
jacep.2015.08.004.

11. Etoom Y, Govindapillai S, Hamilton R, et al. Impor-
tance of CMR within the Task Force Criteria for the di-
agnosis of ARVC in children and adolescents. J Am Coll
Cardiol. 2015;65(10): 987-95. https://doi.org/10.1016/].
jacc.2014.12.041.

12. DeWitt ES, Chandler SF, Hylind RJ, et al. Phenotyp-
ic Manifestations of Arrhythmogenic Cardiomyopathy in
Children and Adolescents. J Am Coll Cardiol. 2019;74(3):
346-358. https://doi.org/10.1016/j.jacc.2019.05.022.

13. Cicenia M, Cantarutti N, Adorisio R, et al. Arrhyth-

mogenic cardiomyopathy in children according to “Pad-
ua criteria”: Single pediatric center experience. Int J
Cardiol. 2022;350: 83-89. https://doi.org/10.1016/j.ij-
card.2022.01.008.

14. Surget E, Maltret A, Raimondi F, et al. Clinical
Presentation and Heart Failure in Children With Ar-
rhythmogenic Cardiomyopathy. Circ Arrhythm Electro-
physiol. 2022;15(2): e010346. https://doi.org/10.1161/
CIRCEP.121.010346.

15. Fetisova SG, Sivushchina ES, Kofeynikova OA,
et al. Rare form of arrhythmogenic cardiomyopathy in
a 5-year-old child. Russian Journal for Personalized
Medicine. 2022;2(2): 104-112. (In Russ.). https://doi.
0rg/10.18705/2782-3806-2022-2-2-104-112.

16. Kofeynikova OA, Alekseeva DYu, Fetisova SG, et al.
Clinical characteristics of the “hot phase” of arrhythmo-
genic cardiomyopathy in a pediatric patient. Journal of
Arrhythmology. 2023;30(2): e6-e11. (In Russ). https://doi.
0rg/10.35336/VVA-2023-2-11.

17. Parfenenko MA, Radzhabova GM, Tsybulskaya DS, et
al. Combination of arrythmogenic right ventricular cardio-
myopathy with Loeys-Dietz syndrome: case report. Jour-
nal of Arrhythmology. 2024;31(2):54-61. (In Russ). https://
doi.org/10.35336/VVA-1206.

18. Comments on the 2023 ESC guidelines for the man-
agement of cardiomyopathies. Revista Espafiola de Car-
diologia (English Edition). 2023; https://doi.org/10.1016/j.
rec.2023.11.008.

19. Corrado D, Anastasakis A, Basso C, et al. Proposed di-
agnostic criteria for arrhythmogenic cardiomyopathy: Euro-
pean Task Force consensus report. Int J Cardiol. 2024;395:
131447, https://doi.org/10.1016/j.ijcard.2023.131447.

20. Corrado D, Basso C. Arrhythmogenic left ventricu-
lar cardiomyopathy. Heart. 2021: heartjnl-2020-316944.
https://doi.org/10.1136/heartjnl-2020-316944.

21. Marcus Fl, McKenna WJ, Sherrill D, Basso C, Bauce B,
Bluemke DA, et al. Diagnosis of arrhythmogenic right ven-
tricular cardiomyopathy/dysplasia: proposed modification
of the task force criteria. Circulation. 2010;121: 1533-1541.
22. Corrado D, Perazzolo Marra M, Zorzi A, Beffagna G,
Cipriani A, Lazzari MD, et al. Diagnosis of arrhythmo-
genic cardiomyopathy: the Padua criteria. Int J Cardiol.
2020;319: 106-114.

23. Alekseeva DYu, Kofeynikova OA, Marapov DI, Va-
sichkina ES. Electrocardiographic parameters and fea-
tures of ventricular arrhythmias in various arrhythmo-
genic cardiomyopathy forms in the pediatric population:
a systematic review and meta-analysis. Russian Journal
of Cardiology. 2022;27(3S): 5147. (In Russ) https://doi.
0rg/10.15829/1560-4071-2022-5147.

24. Deshpande SR, Herman HK, Quigley PC, et al. Ar-
rhythmogenic Right Ventricular Cardiomyopathy/Dyspla-
sia (ARVC/D): Review of 16 Pediatric Cases and a Propos-
al of Modified Pediatric Criteria. Pediatr Cardiol. 2016;37:
646-655.

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (120), 2025



ORIGINAL ARTICLES

25. Makarov L.M. Normative parameters of ECG in chil-
dren. Methodical recommendations. ID MEDPRAKTI-
KA-M, Moscow, 2018. ISBN: 978-5-98803-384-4 (In
Russ).

26. Richards S, Aziz N, Bale S, et al. Standards and guide-
lines for the interpretation of sequence variants: a joint
consensus recommendation of the American College of
Medical Genetics and Genomics and the Association for
Molecular Pathology. Genet Med. 2015;17: 405-24. https://
doi.org/10.1038/gim.2015.30

27. Norgett EE, Hatsell SJ, Carvajal-Huerta L, et al. Re-
cessive mutation in desmoplakin disrupts desmoplakin-in-
termediate filament interactions and causes dilated cardio-
myopathy, woolly hair and keratoderma. Hum Mol Genet.
2020;9: 2761-2766.

28. Martins D, Ovaert C, Khraiche D, et.al. Myocardial
Inflammation Detected by Cardiac MRI in Arrhythmo-
genic Right Ventricular Cardiomyopathy: A Paediatric
Case Series. Int J Cardiol. 2018;271: 81-86. https://doi.
org/10.1016/j.ijcard.2018.05.116.

29. Chen K, Rao M, Guo G, et al. Sarcomere variants in
arrhythmogenic cardiomyopathy: Pathogenic factor or by-
stander? Gene. 2019;687: 82-89. https://doi.org/10.1016/].
gene.2018.10.080.

30. Pilmer CM, Kirsh JA, Hildebrandt D, et al. Sudden
cardiac death in children and adolescents between 1 and 19
years of age. Heart Rhythm. 2014;11(2): 239-45. https://
doi.org/10.1016/j.hrthm.2013.11.006.

31. Cicenia M, Drago F. Arrhythmogenic Cardiomyop-
athy: Diagnosis, Evolution, Risk Stratification and Pedi-
atric Population - Where Are We? J Cardiovasc Dev Dis.
2022;9: 98. https://doi.org/10.3390/jcdd9040098.

32. Bariani R, Cipriani A, Rizzo S, et al. ‘Hot phase’ clin-
ical presentation in arrhythmogenic cardiomyopathy. Eu-
ropace. 2021;23(6): 907-917. https://doi.org/10.1093/EU-
ROPACE/EUAA343.

49

33. Haggerty CM, James CA, Calkins H, et al. Electronic
health record phenotype in subjects with genetic variants
associated with arrhythmogenic right ventricular cardiomy-
opathy: a study of 30,716 subjects with exome sequencing.
Genet Med. 2017;19(11): 1245-52. 10.1038/gim.2017.40.

34. Headrick AT, Rosenfeld JA, Yang Y, et al. Incidental-
ly identified genetic variants in arrhythmogenic right ven-
tricular cardiomyopathy-associated genes among children
undergoing exome sequencing reflect healthy population
variation. Mol Genet Genomic Med. 2019;7(6): €593.
https://doi.org/10.1002/mgg3.

35. Hylind RJ, Pereira AC, Quiat D, et al. Population prev-
alence of premature truncating variants in plakophilin-2
and association with arrhythmogenic right ventricular car-
diomyopathy: a UK biobank analysis. Circ Genom Precis
Med. 2022;15(3): e003507. https://doi.org/10.1161/CIRC-
GEN.121.003507.

36. Marcus FI, McKenna WJ, Sherrill D, et al. Diagno-
sis of arrhythmogenic right ventricular cardiomyopathy/
dysplasia: proposed modification of the task force criteria.
Circulation. 2010;121: 1533-1541.

37. Shriprasad R, Deshpande SR, Herman HK, et al. Ar-
rhythmogenic right ventricular cardiomyopathy/dysplasia
(ARVC/D): review of 16 pediatric cases and a proposal of
modified pediatric criteria. Pediatr Cardiol. 2016;37(4):
646-55. https://doi.org/10.1007/s00246-015-1327-x.

38. Ferradini V, Parca L, Martino A, et. Al. Variants in
MHY7 Gene Cause Arrhythmogenic Cardiomyopathy.
Genes (Basel). 202;12(6): 793. https://doi.org/10.3390/
genes12060793.

39. Herkert JC, Verhagen JMA, Yotti R et al. Expanding
the clinical and genetic spectrum of ALPK3 variants: Phe-
notypes identified in pediatric cardiomyopathy patients
and adults with heterozygous variants. American Heart
Journal. 2020;225: 108-119. https://doi.org/10.1016/j.
ahj.2020.03.023.

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (120), 2025



50

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (120), 2025

ORIGINAL ARTICLES



ORIGINAL ARTICLES

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (120), 2025

51



