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Abstract: Background and Objectives: Ventricular extrasystoles, which are the most common
arrhythmias in healthy children and adolescents, could be a reliable factor for the prognosis
of structural heart diseases. However, extrasystoles arising in hearts with primary myocar-
dial diseases or channelopathies might cause life-threatening events or be associated with
arrhythmia-induced cardiomyopathy. The relationship between ventricular extrasystoles
and ventricular abnormalities in children remains controversial. The aim of this study was
to evaluate prevalence of ventricular abnormalities in children with ventricular extrasys-
toles. Materials and Methods: This was a retrospective cohort study of pediatric outpatients
in Vilnius University Hospital Santaros Clinics because of ventricular extrasystoles. The
inclusion criteria were 3–18-year-old children with more than 5% extrasystoles per 24 h. The
exclusion criteria were previous diagnoses of congenital heart defects, cardiomyopathies,
and channelopathies. We reviewed the results of electrocardiography, cardiac imaging,
and cardiogenetic tests. Results: In total, 131 patients (55.7% males) were included from a
database of 915 patients, of whom 79.4% ventricular extrasystoles were found incidentally.
Ventricular extrasystoles were monomorphic—95.4%, multiform—4.6%, and consecutive—
29.8%. Cardiac magnetic resonance imaging was performed on 22.9% of patients with
one-third of the pathological findings (ventricular dysfunction and myocardial fibrosis).
Ventricular dysfunction was associated with a higher frequency of ventricular extrasystoles,
with a median highest frequency of 26.5% per 24 h. Cardiogenetic testing was performed on
only five (3.8%) patients, and RyR2 mutation was detected in one. Conclusions: According
to our results, ventricular dysfunction was strongly associated with a higher burden of
ventricular extrasystoles.

Keywords: ventricular extrasystoles; children; ventricular dysfunction; myocardial fibrosis;
channelopathy; cardiomyopathy

1. Introduction
Ventricular extrasystoles (VE) are a reliable factor for assessing the prognosis of

structural heart diseases and survival in the adult population [1]. VE are the most common
ventricular arrhythmias in healthy individuals [2]. Large population studies showed a
prevalence of 0.51% of this arrhythmia in the general pediatric population [3].

VE can be found in structurally normal and abnormal hearts, and might be the first sign
of underlying cardiomyopathy or channelopathy [4,5], or a cause of arrhythmia-induced
cardiomyopathy [5].
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However, most common pediatric VE are idiopathic [5]. Idiopathic VE are defined
as those in patients without structural heart disease [6], and they have been regarded as
benign in children [7]. Although VE in structurally normal hearts are considered benign,
arrhythmia-induced cardiomyopathy has been widely described [5].

A correlation between VE burden and left-ventricular (LV) systolic dysfunction has
been reported in adults [8]. Most pediatric studies have presented conflicting results
regarding a direct correlation between VE burden and LV dysfunction [8]. Baman et al.
discovered that a VE burden of more than 24% was associated with decreased LV systolic
function [8]. In addition, recent data showed that an asymptomatic high burden of VE
(34.7%; standard deviation: 6.3%) can also be associated with left-ventricular dysfunction
in children [9]. High-load VE may represent a subclinical stage of cardiac dysfunction [10].
Long-term high-load VE have adverse effects on cardiac function, leading to an increased
LV diastolic diameter, reduced ejection fraction, heart failure, and tachyarrhythmia-induced
cardiomyopathy [10]. Differently from these results, Guerrier et al. did not report any
significant relationships between the VE burden and LV systolic function in a cohort of
<21-year-old patients [5]. Consequently, the relationship between VE and ventricular
abnormalities in children remains controversial.

The aim of this study was to evaluate the prevalence of ventricular abnormalities
or channelopathies in pediatric patients presenting with ventricular extrasystoles, and to
assess the course of ventricular extrasystoles in pediatric patients with structurally normal
hearts.

2. Materials and Methods
2.1. Study Population—Collection of Demographic and Clinical Data

We retrospectively reviewed the records of patients at the pediatric cardiology outpa-
tient department of the tertiary care Vilnius University Hospital Santaros Clinics between
1st January 2015 and 30th December 2020. We used a depersonalized database of 3–18-year-
old pediatric patients. All of the patients had been diagnosed with VE. This study was
approved by the Regional Ethics Committee (no. 2021/10-1383-859 (1)).

We included 3–18-year-old children with a maximum reach of ≥5% VE per 24 h.
The exclusion criteria were diagnosed congenital heart defects, cardiomyopathies, chan-
nelopathies, and a lack of data in their medical documentation.

We gathered data from the electronic medical records and entered them into an
anonymized spreadsheet. The demographic data of the patients were collected, including
age and biological sex. The clinical data that were collected included symptoms (chest pain,
palpitations, and dizziness/syncope) or being without any complaints (asymptomatic or VE
discovered incidentally during routine check-up) and diagnostic test results (instrumental
tests and cardiogenetic testing).

2.2. Cardiogenetic Testing

The results of cardiogenetic tests were collected from patients if performed. Cardio-
genetic tests were performed only in patients with suspected channelopathies and/or
cardiomyopathies [11].

2.3. Collection of Data from Electrocardiographic Studies

We evaluated all of the available 24-h Holter electrocardiography results (24-h-ECG).
We assessed the total number of VE, the total percentage of VE in 24 h, VE characteristics
such as monomorphic, multiform VE, and consecutive VE (repetitive VE of up to three
consecutive beats), and ventricular tachycardia. We grouped the results of the 24-h-ECG as
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follows: initial 24-h-ECG (first 24-h-ECG results), maximal 24-h-ECG (the highest number
of VE in 24-h-ECG of the patient), and the data of the last performed 24-h-ECG.

We also evaluated all of the available exercise stress test data. The exercise stress
test ECG evaluated the relationship of VE with physical exertion and the presence of VE
during warm-up, maximal exercise, and recovery from exercise phases; the reaction of
the hemodynamic parameters; the presence of significant repolarization abnormalities
(negative T-waves of ≥1 mm in depth in ≥2 precordial or inferior leads, and ≥0.1 mV
ST-segment elevation); and a QTc of longer than 440 ms or shorter than 330 ms during the
manual measurement and the calculation of the duration [12].

2.4. Collection of Data from Cardiac Imaging Studies

Routine transthoracic echocardiography was performed according to the ACC/AAP/
AHA/ASE/HRS/SCAI/SCCT/SCMR/SOPE 2014 Appropriate Use Criteria for Initial
Transthoracic Echocardiography in Outpatient Pediatric Cardiology [13]. The left-
ventricular (LV) ejection fraction was assessed using the Teichholz formula. LV systolic
dysfunction was defined as an LV ejection fraction of <55% or fractional shortening of
≤28% [7,14]. LV dilatation was defined by end-diastolic volumes or diameters of more than
2 standard derivations from normal according to the nomograms (z-scores of >2 standard
deviations) corrected by the body surface area (BSA) and age, or BSA and sex [15].

CMR was performed if the patients met the indication criteria according to local
protocols. The CMR imaging results were calculated with the BSA and compared according
to age, sex, and BSA using z-score nomograms [16]. Ventricular dilatation was defined as an
LV or RV end-diastolic diameter of more than two z-scores according to the nomograms [16].
Ventricular dysfunction was defined as when the left-ventricular ejection fraction was <55%
and/or left- and/or right-ventricular dilatations were present [7,15–18]. Myocardial fibrosis
(fibrotic foci) in CMR were visible during the late accumulation of contrast material in the
myocardium [17,19].

2.5. Outcomes

At least one of the following listed indicators was defined as a primary outcome:
(1) all-cause mortality; (2) life-threatening arrhythmias, such as sustained ventricular tachy-
cardia or ventricular fibrillation; (3) documented development of ventricular dysfunction,
myocardial fibrosis, or detected channelopathy or cardiomyopathy during cardiogenetic
tests. The secondary outcome was documented as an increasing number of VE. For a
better evaluation of the primary and secondary outcomes, we analyzed the data of exist-
ing patients’ follow-ups. We defined the follow-up dynamics of VE as disappeared (no
VE detected in the last 24-h-ECG), decreased (decreased numbers of VE—more than 1%
of maximal VE counts—in the last 24-h-ECG), stable (the same frequency of VE in the
last 24-h-ECG), and increased (increased frequency of VE—more than 1% of maximal VE
counts—in the last 24-h-ECG). We then evaluated the results of available imaging tests,
cardiogenetic tests, electrocardiographic tests, and treatments, such as medical treatment or
radiofrequency catheter ablation.

2.6. Statistical Analysis

R software (version 4.2.2) was used to perform the statistical analysis. We tested for
a normal distribution of quantitative variables with the Shapiro–Francia test. Normally
distributed variables were presented as means and standard deviations; non-normally
distributed variables were presented as median, minimum, and maximum values; and
categorical variables were presented as numbers (percentages). Comparisons of the quan-
titative variables between two groups were tested with Student’s t-test or a chi-square
test according to the distribution. Comparisons of continuous variables between multiple
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groups were tested with a one-way analysis of variance (ANOVA) or the Kruskal–Wallis
test according to the distribution. Comparisons of categorical variables were tested with
the chi-square or Fisher’s exact tests. The correlation between variables was evaluated
with Pearson’s correlation coefficient (r) or Spearman’s rank correlation coefficient (rs)
according to the distribution. Univariable and multivariable logistic regression analyses
were performed to evaluate the relationship between baseline covariates and the presence
of myocardial abnormalities in CMR and genetic tests. A p-value of ≤0.05 was consid-
ered statistically significant. We used the Kaplan–Meier survival curve, created with the
DATAtab software, to evaluate the natural history of VE.

3. Results
3.1. Study Population—Demographic and Clinical Data

We screened 915 patients during the reference period (2987 medical records, from 1
to 85 records (median 13) of visits per patient) with a diagnosis code of I49.3 according to
the International Classification of Diseases-10-AM. A schematic of patient inclusion in this
study is shown in Figure 1.
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Figure 1. The study schematic of patient inclusion.

A total of 131 patients met the inclusion criteria and not the exclusion criteria. The
median age at the first visit was 11 (from 3 to 18) years old.

Table 1 presents the demographic and clinical characteristics of the patients.
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Table 1. Demographic and clinical characteristics of the study population.

Characteristic n (%)

Sex:
Male 73 (55.7%)

Asymptomatic 104 (79.4%)

Performed tests:
24-h-ECG 131 (100%)

Echocardiography 93 (70.1%)
CMR 30 (22.9%)

Exercise stress test 57 (43.5%)
Cardiogenetic tests 5 (3.8%)

VE characteristics:
Monomorphic 125 (95.4%)

Multiform 9 (4.6%)
Consecutive 39 (22.1%)

Ventricular tachycardia 1 (0.8%)

Life-threatening arrhythmias or fatal cases 0

Follow-up data 76 (58%)

Received medical treatment 100 (76.3%)

Radiofrequency catheter ablation 6 (4.6%)

A total of 27 (20.6%) symptomatic patients were included in our study, of which
12 patients presented with chest pain, 7 patients presented with syncope/presyncope, and
8 patients presented with palpitations. Generally, the symptoms were not dependent on
biological sex (asymptomatic: 84.9% for males vs. 72.4% for females, p = 0.87; chest pain:
6.9% for males vs. 12.1% for females, p = 0.31; presyncope/syncope: 6.9% for males vs.
3.5% for females, p = 0.4). However, palpitations were more frequently experienced by
females (12.1% vs. 1.4% (χ2 = 2343.5; p = 0.01)).

3.2. Cardiogenetic Testing

Cardiogenetic tests were performed on five patients (3.8%) only. The other four cardio-
genetic tests did not reveal any clinically relevant mutations.

One asymptomatic 16-year-old girl with 5% multiform VE in the 24-h-ECG was
determined to have a ryanodine receptor (RyR2) gene mutation (Case 1 in Table 2). RyR2
plays a major role in cardiac excitation–contraction coupling, and mutations in this isoform
can give rise to cardiac arrhythmias [20]. However, we did not have complete history of
the disease progression or any data of this patients’ CMR results to prove the diagnosis of
cardiomyopathy.

3.3. Electrocardiographic Studies

All of the patients had 24-h-ECG results. The median count of VE in the initial 24-h-
ECG was 10% (range: 0.7–47.2%). The patients reached their maximal VE count median of
12% (range: 5–48.6%) per 24 h.
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Table 2. Characteristics of patients who had cardiogenetic abnormalities or CMR abnormalities.

Case N CMR
Abnormality Genetic Test Sex Age Symptoms

Initial
24-h-ECGVE,

Count (%)

Maximal
24-h-ECGVE,

Count (%)

Monomorphic
VE

Consecutive
VE Exercise Stress Test Follow-Up

Radiofrequency
Catheter
Ablation

1 ND RyR2 mutation F 16 None ND 5% + - ND ND ND

2 LV dilatation ND M 17 None 19,200 (18.8%) 19,200 (18.8%) + + ND ND ND

3 LV dysfunction ND F 4 None 40,000 (35%) 60,383 (47%) + + ND 26 months,
decreased RVOT

4 LV dilatation ND M 15 None 15,000 (13%) 15,000 (13%) + + Recovery VE 24 months,
stable ND

5 RV dilatation ND M 7 None 20,345 (16.63%) 40,000 (35%) + + ND 20 months,
decreased RV lateral wall

6 LV/RV dilatation ND F 13 None 24,000 (22%) 24,000 (22%) + + Normal 43 months,
decreased ND

7 LV dilatation ND F 16 None 32,488 (31%) 32,488 (31%) + + ND 24 months,
decreased RVOT

8 Fibrotic foci ND M 17 None ND 20,790 (18.8%) + +
Recovery

VE/abnormal
repolarization

ND ND

9 Fibrotic focus
LV/RV junction ND M 15 None 2329 (1.9%) 6234 (5.63%) + +

Warm-up/maximal
workload/recovery

VE

23 months,
decreased ND

10 Fibrotic foci
LV/RV junction ND F 17 Palpitations 15,860 (14%) 15,860 (14%) + + tachycardia ND ND ND

Abbreviations: F—female; LV—left ventricle; M—male; ND—no data; RV—right ventricle; RVOT—right ventricle outflow tract; “+” - yes; “-“ – no.
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The female sex was significantly associated with a higher number of VE. The median
count of VE in the initial 24-h-ECG was 9% for males and 12% for females (χ2 = 2552;
p = 0.04). The maximal 24-h-ECG VE median count was 9.8% for males vs. 15.7% for
females (χ2 = 5837; p = 0.008). We found a strong positive correlation between the maximal
VE count and the initial VE count (rs = 0.83; p < 0.05) and no significant correlation between
the initial or maximal VE count and the last VE count.We also did not find statistically sig-
nificant differences between these VE morphologic characteristics and age (monomorphic
vs. multiform p = 0.42), sex (monomorphic vs. multiform, p = 0.36; consecutive, p = 0.19),
or the type of symptoms (consecutive, p = 0.56). However, consecutive VE were more
common in older children (14 vs. 11 years, p = 0.001). In addition, monomorphic VE were
more likely to be asymptomatic than multiform (89.03% vs. 69.2% (χ2 = 4.27; p = 0.04)).

The exercise stress test was performed on 57 (43.5%) patients. In 44 (71.2%) cases,
the number of VE reduced during physical activity. Thirteen patients showed VE at
maximal exertion. Eight patients had abnormal hemodynamic reactions to physical activity.
However, no significant correlation between the hemodynamic reaction and VE counts
was found. One patient demonstrated abnormal repolarization in the ECG during physical
activity, and his CMR showed signs of myocardial fibrosis.

3.4. Cardiac Imaging Studies

Echocardiography was performed on 93 (70.1% of all) patients, and 96% had normal
findings. The median LV ejection fraction was 63% (range: 50–73%). One patient showed
a reduced left-ventricular ejection fraction, and three exhibited slight LV dilatation (with
z-scores of up to two standard deviations). These results were confirmed during CMR.

Only 30 patients (22.9% of all) received CMR. In total, nine patients (Cases 2–10 in
Table 2) demonstrated results defined as abnormal: six of them had signs of ventricular
dysfunction and three displayed signs of myocardial fibrosis.

Table 3 presents the differences between normal and abnormal CMR results, and
their relationships with the demographic data, clinical symptoms, and ECG characteristics
according to the 24-h-ECG and during physical exertion and performed ablation.

Signs of ventricular dysfunction (LV systolic dysfunction/LV dilatation/RV dilatation)
were demonstrated in six patients, two of which showed right-ventricular dilatation. These
findings did not relate to sex (five boys (55.6%); χ2 = 60; p = 0.48) or age (χ2 = 66, p = 0.77).
No patients experienced clinical symptoms. All of the patients had monomorphic and
consecutive VE. Ventricular dysfunction was significantly related to the maximal VE counts
over 24 h (median VE count: 26.5%; χ2 = 6.99; p = 0.008). Children with ventricular
dysfunction more frequently underwent ablation.

Myocardial fibrosis was detected in three cases from our group: two boys and one
girl. Only one patient experienced palpitations. All of the patients had monomorphic
consecutive VE, and one patient demonstrated non-sustained ventricular tachycardia. The
median VE count was 14% per 24 h.

Logistic regression was used to analyze the relationship between abnormal CMR and
the initial VE count. The odds of abnormal CMR occurring increased by 12% (95% CI:
[2–22%]) in the initial VE count (p = 0.04). In addition, ventricular dysfunction increased
with an increase in the initial VE count by 19% (95% CI: [3–35%]) (p = 0.02). However,
a logistic regression analysis of the association between pathological CMR/ventricular
dysfunction and the initial VE count indicated no significant predisposition. There was
also no significant association of VE progression with the initial and maximal VE counts
(p > 0.05).
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Table 3. Characteristics of patients with normal and abnormal CMR findings.

Normal CMR
(n-21)

Abnormal CMR
(n-9) p-Value

Sex
0.18Male 6 (28.6%) 5 (55.6%)

No symptoms 15 (71.4%) 8 (88.9%) 0.32
Chest pain 2 (9.5%) 0

Palpitations 3 (14.3%) 1 (11.1%)
Presyncope/syncope 1 (4.8%) 0

Exercise stress test n-11 n-3

Warm-up VE 9 (81.8%) 3 (100%) 0.54
Recovery VE 9 (81.8%) 3 (100%) 0.54

Maximal-workload VE 4 (36.4%) 1 (33.3%) 0.45
Abnormal repolarization 0 1 (33.3%)

VE characteristics
Monomorphic 19 (90.5%) 9 (100%) 0.37

Multiform 2 (9.5%) 0
Consecutive 8 (38.1%) 9 (100%) 0.17

Ventricular tachycardia 0 1

24-hour-ECG
Maximal VE:

Median 12,379.5 20,790
0.02% 11.43% 18.8%

Initial VE results:
Median 9710 19,772.5

0.06% 8.2% 16.6%

Radiofrequency catheter
ablation 1 (4.8%) 3 (33.3%) 0.04

3.5. Follow-Up

Follow-up data were available for 76 cases. The median duration of follow-up was
23.5 months (minimum: 3 months; maximum: 90 months). VE disappeared in 22 patients
(28.9%), decreased in 37 patients (48.7%), were stable/without dynamics in 7 patients
(9.2%), and increased in 8 patients (10.5%). The median duration of follow-up according
to the VE dynamics did not differ between the outcome groups of the VE, as shown in
Figure 2. The estimated time of VE decrease is shown in Figure 3.
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No fatal cases or life-threatening arrhythmias occurred during the follow-up period.

4. Discussion
The most common type of pediatric ventricular arrhythmias are VE in both healthy

children with structurally normal hearts and those with organic heart diseases [9]. The
idiopathic VE were mostly benign in our study. The prevalence of ventricular abnormalities
and abnormal cardiogenetic tests in our retrospective cohort study was only 7.7%, with one
case associated with possible primary cardiomyopathy (with no data of CMR), six cases of
ventricular dysfunction, and three cases of myocardial fibrosis.

VE are usually incidental electrocardiographic findings during outpatient follow-
up [21]. VE were found accidentally in almost 80% of our patients. According to West
et al.’s study, most (70%) patients with VE are asymptomatic [22]. Some children with VE
may experience symptoms, but the severity of symptoms is not associated with the burden
of VE [9]. Our study obtained the same finding. Although palpitations were associated
with the female sex, we could not confirm an association between sex and VE morphologic
characteristics or frequency.

Guerrier et al. reported no association between the VE complexity (monomorphic vs.
multiform) and LV fractional shortening [23]. Monomorphic VE were mostly asymptomatic
in our study. However, nine asymptomatic patients with monomorphic VE were diagnosed
with myocardial abnormalities, and one patient with possible inherited cardiomyopathy
(RyR2 mutation). All of the patients had monomorphic consecutive VE. Nevertheless, we
did not prove statistically significant differences between myocardial abnormalities, VE
characteristics, or demographic features in our patients. In our study, older children more
frequently experienced consecutive VE, but we did not find an association between this VE
characteristic and age.

Recent data have shown that a high burden of VE (greater than 20–30%) and asymp-
tomatic ventricular tachycardia may be associated with left-ventricular dysfunction in
children. Pediatric studies present confusing reports on the incidence of VE in arrhythmia-
induced cardiomyopathy, ranging from 1.2 to 19.4%, and on the impact of VE burden [21].
Guerrier et al.’s study did not find a significant correlation between VE burden and LV
dysfunction [23]. However, other studies have found a direct relationship between ectopic
burden and ventricular dysfunction. Kakavand et al. reported four children with evidence
of LV dysfunction, with an average ectopy burden of 36% [24]. Although the female sex
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was associated with a higher number of VE, there was no evidence of a burden of ventric-
ular dysfunction in females. Our retrospective study found six patients with ventricular
dysfunction, confirmed via CMR studies. All of these findings cannot be proved with
inherited cardiomyopathy without performed cardiogenetic testing. Echocardiography
confirmed only one case of ventricular dysfunction, and three cases of ventricular dilatation
were borderline. Therefore, we believe that more detailed echocardiographic assessment
should be used. Our study revealed that ventricular dysfunction was reliably associated
with the maximum number of VE per 24 h. The initial 24-h-ECG counts of VE were not
significant. Ventricular dysfunction occurred in those with a median maximal 24-h-ECG
VE count of 26.5%. Because of the possibility of ventricular abnormalities, we believe that
it is reasonable for patients with VE to have a periodic follow-up.

Cardiovascular magnetic resonance (CMR) imaging is an important non-invasive
tool for assessing right- and left-ventricular dimensions and function [12,14–16], and for
evaluating structural changes in the myocardium. Studies on the association between
myocardial fibrosis and VE in the pediatric population are lacking. Our study revealed only
three cases of myocardial fibrosis. Two cases exhibited fibrotic foci in the LV/RV junction.
A study on young athletes by Crescenzi and co-authors showed an association between
age and male predominance, and no association with symptoms and myocardial fibrotic
changes in CMR [25]. Contrary to the possible hypothesis, the myocardial fibrosis group
had lower numbers of VE. Our study showed lower VE numbers in the myocardial fibrosis
group than in the ventricular dysfunction group, which may mean that VE are more likely
a cause than a consequence of myocardial changes.

Recent studies have revealed that most cases of VE in children resolve spontaneously
over time [21]. The median follow-up time of our study was 24 months, and VE completely
resolved in 28.9% of patients. Our retrospective study could be the short follow-up period
to develop significant dynamic results. Seventy-six percent of patients from our study were
prescribed different antiarrhythmics, mostly beta-blockers, so the hypothesis of natural,
benign development of idiopathic VE could not be fully proved.

Idiopathic VE and asymptomatic ventricular tachycardias are considered benign con-
ditions with a good prognosis in the pediatric population [25]. However, some children are
still at risk for fatal arrhythmias, such as ventricular paroxysmal tachycardia and/or ven-
tricular fibrillation [25]. However, none of our patients experienced sudden life-threatening
ventricular arrhythmia. Another limitation of our study was its retrospective nature, as
we had limited data in the patients’ documentation. Therefore, we did not obtain com-
prehensive and standardized data, and the results may be susceptible to selection bias. In
addition, our study was conducted at a single center with 131 patients, with a relatively
small sample size. Furthermore, we had a limited number of patients who underwent
CMR and cardiogenetic tests. Therefore, we had a limited number of cases with ventricular
dysfunction, myocardial fibrosis, and inherited cardiac problems and could not adequately
evaluate risk factors for arrhythmia-induced cardiomyopathy.

Our study’s main strength was the accurate assessment of VE in multiple 24-hour
ECGs. This allowed us to accurately assess the initial and maximal VE per 24 h and evaluate
the VE dynamics.

5. Conclusions
According to the results, ventricular extrasystoles in children were rarely (7.7%) as-

sociated with myocardial abnormalities or channelopathies. RyR2 mutation was found
in one asymptomatic patient. We had three cases of myocardial fibrosis and six cases of
ventricular dysfunction. However, ventricular dysfunction was strongly associated with a
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higher burden of extrasystoles. We believe that it is reasonable for patients with more than
26% VE per 24 h to have a more detailed assessment of ventricular function.

Further studies should focus on obtaining a better understanding of the relationships
between ventricular dysfunction, evaluation using the assessment of myocardial deforma-
tion, myocardial fibrosis, channelopathies, and VE morphology, alongside relationships
with stress tests. Delineating their connections may help to develop proposals for more
effective diagnostic and prognostic tools.
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