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RISK SCORE FOR DEVELOPING ARRHYTHMIA-INDUCED CARDIOMYOPATHY IN CHILDREN
WITH IDIOPATHIC VENTRICULAR ARRHYTHMIAS BASED ON SINGLE CENTER DATA
K.A.Chueva, O.A.Kofeynikova, D.S.Lebedev, R.B.Tatarskiy, E.S.Vasichkina
Almazov National Medical Research Centre of the MH RF, Russia, Saint-Petersburg, 2 Akkuratova str.

Aim. To develop a predictive model and a clinical risk score for developing arrhythmia-induced cardiomyopathy
(AIC) in children with idiopathic ventricular arrhythmias (VA).

Methods. The study included 492 children aged 1 to 17 years with idiopathic VA. In 392 patients demographic, clin-
ical and diagnostic-related variables were evaluated as potential prognostic factors using binary logistic regression. The
scores for each predictor were set based on the odds ratio. Validation of the model was carried out on a test group (n=100).

Results. It was found that body surface area > 1,7 m* increases the ratio of developing AIC by 4,9 times (1 point), the pre-
mature ventricular contraction’s coupling interval <434 ms. - by 3,7 times (1 point), the burden of VA 25-29% - by 8,4 times (2
points), the burden of VA 30-34% - 11,3 times (3 points), the burden of VA >35% - 17,2 times (4 points). The specificity of the risk
score was determined by the ROC curve. A low probability of developing AIC was determined with a score of up to 2 (specificity
<48.1%), an average probability was determined with a score 3-4 (specificity 67.5-81.8%), a high probability was determined with
a score 5-6, (specificity >95.1%). The AUC of the predictive scale was 0.805+0.037 (95% CI: 0.732-0.878), p<0.001.

The AUC of the of the predictive scale in the test group was 0.893+0.034 (95% CI: 0.827-0.96),p<0.001. The
difference in the AUC of the scores in training and test groups was 0.088+0.05. The AUCs were comparable (p=0.078).

Conclusion. In this study we identified independent predictors of IAC in children with idiopathic VA. A clinical risk
scale of AIC has been developed based on the obtained predictors. Routine use of the AIC risk scale will lead to person-
alized monitoring and treatment of each child with idiopathic VA.
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Ventricular arrhythmias (VA) are highly prevalent in
childhood. According to screening studies, isolated pre-
mature ventricular contractions (PVCs) are recorded in
approximately half of adolescents [1]. In the vast majority
of cases, VA in children are idiopathic and follow a be-
nign course [2-5]. However, long-standing VA may lead
to the development of arrhythmia-induced cardiomyopathy
(AIC). The incidence of cardiomyopathy associated with
idiopathic VA in children does not exceed 20% [6-11].

Despite considerable interest in this issue, only a lim-
ited number of studies have been published investigating
predictors of AIC in the paediatric population [6, 9, 11].
The main limitations of these studies are small patient co-
horts, which result in contradictory findings and preclude
their application in clinical practice. Identification of inde-
pendent predictors and the development of a risk scoring
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system for AIC would optimise strategies for monitoring
and treatment in children with idiopathic VA.

Aim: to develop a prognostic model and a scoring
system for assessing the probability of arrhythmia-induced
cardiomyopathy in children with idiopathic VA.

METHODS

To achieve this objective, we analysed data from 492
children aged 1 to 17 years with idiopathic VA who un-
derwent evaluation and treatment at the Centre between
2011 and 2025. Exclusion criteria were the presence of
structural heart disease, active myocardial inflammation or
a history of myocarditis, confirmed channelopathies, and
extracardiac causes of VA. The diagnosis of idiopathic VA
was made by exclusion following careful history taking
and comprehensive cardiological assessment.
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All patients underwent clinical and biochemical
blood tests including measurement of cardiac-specific en-
zymes and acute-phase proteins, electrolytes, and thyroid

function, as well as

diography (ECG), 24-hour Holter ECG monitoring, and
echocardiography. A treadmill exercise test was performed

standard 12-lead surface electrocar-

Table 1.
Clinical characteristics of patients in the training and test cohorts

Variable Tral(nnli1§9020)h0rt Tf(:rslt: cl(z)}(l)(;rt .
Age, years, Me [IQR] 13.0[9.0; 15.0] | 12.0[9.0; 15.0] | 0.069
BSA, m?, Me [IQR] 1.48 [1.12; 1.72] | 1.55[1.37; 1.68] | 0.053
Male sex, n (%) 222 (56.6) 64 (58.1) 0.183
Presence of VT, n (%) 214 (54.6) 64 (64) 0.090
VA burden, %, Me [IQR] 25.2[16.2;36.4] | 24.0 [15.0; 36.5] | 0.548
AIC, n (%) 35(8.9) 24 (24.0) -
Reduced EF and LV dilatation, n (%) 6 (17.1) 3(12.5)

LV dilatation only, n (%) 5(14.3) 3(12.5) 0.917
Reduced EF only, n (%) 24 (68.6) 18 (75)

Note: throughout the text, p denotes the level of statistical significance; BSA - body
surface area; VT - ventricular tachycardia; VA - ventricular arrhythmia; AIC -
arrhythmia-induced cardiomyopathy; LV - left ventricle; EF - ejection fraction.

Table 2.

Characteristics of the association between model predictors and the probability
of arrhythmia-induced cardiomyopathy in children

) Unadjusted Adjusted
Predictors
OR; 95% CI p OR; 95% CI p

BSA 4.531; 1.774-11.576 | 0.002 | 5.742;2.161-15.254 | <0.001
Age 1.124; 1.015-1.245 | 0.025

POS 2.455;1.118-5.388 | 0.025

Presence of VT 3.677; 1.566-8.637 | 0.003

VA burden 1.049; 1.026-1.072 | <0.001 [ 1.04;1.014-1.067 0.003
Paired PVCs 3.698; 1.309-10.445 | 0.014

Mean PEI 0.956; 0.909-0.990 | 0.021 [ 0.997;0.996-0.999 | 0.006

Note: throughout the text, OR - odds ratio; CI - confidence interval, BSA - body
surface area; POS - presence of symptoms; PVC - premature ventricular contraction;
PEI - pre-ectopic interval.

Table 3.
Scoring system for the probability of arrhythmia-induced cardiomyopathy
in children
Change in Probability in the
Predictors Presence of the Predictor p Points
AOR 95% CI
VA burden 25-29% 8.434 1.291-55.106 0.026 2
VA burden 30-34% 11.276 1.686-75.416 0.012 3
VA burden >35% 17.15 3.603-81.639 | <0.001 4
Mean PEI <434 ms 3.742 1.304-10.738 0.014 1
BSA>1.7m’ 4.945 1.766-13.461 0.002 1

Note: AOR - adjusted odds ratio. Probability of arrhythmia-induced cardiomyopathy
was classified as low (0-2 points), intermediate (3-4 points), and high (5-6 points).
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in 403 patients, and cardiac magnetic resonance imaging
(MRI) was carried out in 116 patients.
Arrhythmia-induced cardiomyopathy was defined as
reduced left ventricular (LV) ejection fraction (EF) and/
or LV dilatation after the onset of VA. Cardiac chamber
size and myocardial contractility were assessed using stan-

dard methodology [12]. Echo-
cardiographic parameters were
indexed using the Boston Chil-
dren’s Hospital z-score calcula-
tor. LV dilatation was defined as
an LV end-diastolic dimension
z-score > +2.0. LV ejection frac-
tion was measured using the Te-
ichholz and Simpson methods.

In the overall cohort, 12%
(59/492) of children met the
criteria for AIC. Of these, 15%
(n=9/59) had both LV dilatation
and reduced EF, 14% (n=8/59)
had dilatation without reduced
EF, and 71% (n=42/59) had iso-
lated LV systolic dysfunction.

At the first stage, we
searched for predictors of AIC in
the training cohort (n=392). To
this end, we analysed and com-
pared clinical parameters, med-
ical history, and findings from
instrumental examinations in
relation to the presence of AIC.
The results of this first stage of
the study have been published
previously [13].

The second stage consist-
ed of constructing a prognostic
model and a probability scoring
system for AIC using variables
identified in the training cohort.
The developed scoring system
was then validated in a test co-
hort that included 100 children
with idiopathic VA. The size of
the test cohort was determined
based on an 80% to 20% split
between the training and test
groups. Patients in the training
and test cohorts were compara-
ble in terms of age, anthropo-
metric parameters, and sex. The
clinical characteristics of the pa-
tients are presented in Table 1.

Statistical analysis

The analysis was per-
formed using IBM SPSS Sta-
tistics v.26. At the initial stage,
in the training cohort, potential
predictors of AIC were identified
using univariate logistic regres-
sion. To address potential multi-
collinearity among predictors, a
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correlation matrix was constructed. Spearman’s correlation
coefficient was used as the criterion for evaluating associ-
ations. The prognostic model was constructed using binary
logistic regression. Independent predictors were selected
by stepwise Wald statistics. The statistical significance of
the model and its predictors was determined using the ¥?
test. The threshold probability (P) for AIC occurrence with
optimal sensitivity and specificity was determined by re-
ceiver operating characteristic (ROC) curve analysis.

For the development of the risk scoring system for
AIC, quantitative variables in the model were converted
into categorical variables. For each predictor, odds ratios
(OR) were determined by binary logistic regression. The
minimum OR value obtained in the model was assigned
a weight of 1 point. The score for each predictor was then
calculated by dividing its OR value by the minimum OR in
the model. The sum of points was calculated for each pa-
tient in the training cohort. Cut-off values of the total score,
which stratified patients into groups of high, intermediate,
and low probability of developing AIC, were determined
using ROC curve analysis.

Risk probability was assessed according to the spec-
ificity of the total score: <50% was classified as low prob-
ability, 50-90% as intermediate probability, and >90% as
high probability of AIC. For validation of the scoring sys-
tem, the total score was calculated for patients in the test
cohort, followed by assessment of sensitivity and specific-
ity of the score using ROC curve analysis.

RESULTS

For the development of a multivariable model, factors
with the highest prognostic potential (»<0.05) were includ-
ed in the analysis (Table 2). In constructing the correlation
matrix, significant correlations were observed between
age and body surface area (BSA) (p=0.849; p<0.001).
Predictors with significant correlations were not included
simultaneously in the prognostic model. To describe the
probability of arrhythmia-induced cardiomyopathy (AIC)
in children with idiopathic VA as a function of the studied
factors, the model with the highest sensitivity and specific-
ity was selected. The observed relationship is described by
Equation (1):

P=1/(1+¢?

z2=-5217+0,039%X , ien = 0,003%X .+ 1,748%X (1)
where P is the probability of developing AIC, X,,.c burden =
PVC burden (%), X,er = mean pre-ectopic interval (PEI) of
PVCs (ms), and X%5“ = body surface area (m?).

The regression mod-
el was statistically significant
(»<0.001). Based on Nagelk-
erke’s coefficient of determina- L
tion, 35.3% of the variance in
AIC probability was explained
by the factors included in Model
(1). According to the regression
coefficients, BSA and PVC bur-
den were positively associated 0 oz a0 o0s
with AIC risk, while mean PEI 1~ Specificity
was inversely associated. Char-
acteristics of each predictor are
presented in Table 3.
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In particular, an increase in BSA by 1 m? was asso-
ciated with a 5.742-fold higher risk of AIC (p<0.001). An
increase in PVC burden by 1% increased the risk of AIC
1.04-fold (p=0.003). A decrease in mean PEI by 1 ms in-
creased the risk of AIC 1.003-fold (p=0.000).

Figure 1 shows adjusted odds ratios (ORs) with 95%
confidence intervals (CI) for the predictors included in Mod-
el (1). The threshold value of the logistic function P was de-
termined using ROC curve analysis. The resulting curve is
shown in Figure 2a. The area under the ROC curve (AUC)
was 0.833+0.042 (95% CI: 0.751-0.915). The threshold prob-
ability for AIC was 0.0655. At P> 0.0655, patients were clas-
sified as high risk for AIC; at P <0.0655, patients were classi-
fied as low risk. At this cut-off, the sensitivity and specificity
of Model (1) were 75.0% and 77.1%, respectively.

For clinical application of the model, a scoring sys-
tem was developed to estimate the probability of AIC. All
quantitative variables were transformed into categorical
variables based on medians and percentiles. The resulting
scoring system is shown in Table 3.

Cut-off values for the total score separating patients
into low-, intermediate-, and high-risk groups for AIC
were determined using ROC curve analysis (Figure 2b).
The AUC of the prognostic score was 0.805+0.037 (95%
CI: 0.732-0.878). This model was statistically significant
(»<0.001). The sensitivity and specificity of the scoring
system in predicting spontaneous resolution of VA are pre-
sented in Table 4.

Mean PEI

VA burden r

BSA

0 1 10
OR; 95% CI

Figure 1. Odds ratio estimates with 95% confidence
intervals for predictors of arrhythmia-induced
cardiomyopathy in children: mean PEI (pre-ectopic
interval), VA burden (ventricular arrhythmia burden),
BSA (body surface area).
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Fig. 2. ROC curves characterising the probability of arrhythmia-induced
cardiomyopathy according to logistic function values (a), in the training cohort
(b), and in the test cohort (c).
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Accordingly, three risk groups were identified: Group
1 (low probability): total score 0-2; Group 2 (intermediate
probability): total score 3-4; Group 3 (high probability):
total score 5-6 (Table 3). In the training cohort, among pa-
tients with AIC, 6 children (17.1%) were classified as low
probability, 12 (34.3%) as intermediate probability, and 17
(48.6%) as high probability.

For validation of the risk score, the total score was
calculated for 100 children in the test cohort. A ROC curve
was constructed to evaluate the sensitivity and specificity
of the scoring system (Figure 2¢). The AUC of the score
in the test cohort was 0.893+0.034 (95% CI: 0.827-0.960),
and the model was statistically significant (p<0.001). In
the test cohort, among children with AIC, 1 child (4.2%)
was classified as low probability, 7 (29.2%) as intermediate
probability, and 16 (66.6%) as high probability. A score of
3-4 demonstrated specificity >50%, while a score >5 had
specificity approaching 100%. The difference in AUC be-
tween the training and test cohorts was 0.088+0.05. AUCs
were comparable (p=0.078).

DISCUSSION

Current clinical guidelines recommend treatment of
children with idiopathic VA in the presence of symptoms,
or when LV dilatation and/or reduced EF are present [14].
At the same time, identifying patients at high risk of AIC
may allow modification of follow-up strategies or initia-
tion of preventive therapy before the onset of heart failure
symptoms.

The problem of AIC has been extensively studied
in adults with VA and structurally normal hearts. It has
been demonstrated that arrhythmia burden plays a key
role in the development of AIC in adult patients with
VA. According to numerous studies, a PVC burden of

Sensitivity and specificity of the scoring system for predicting
spontaneous resolution of ventricular arrhythmia in the training

and test cohorts
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20-26% 1is strongly associated with AIC formation in
adults [15-18]. In domestic guidelines, LV dysfunction
is reported in patients with a PVC burden exceeding
15% [14]. Observational studies in children indicate that
a VA burden of 15-20% rarely leads to AIC, whereas LV
dysfunction usually develops at a PVC burden >26-30%
[7, 8, 10, 19]. In our study, we also demonstrated that
the number of premature ventricular complexes (PVCs)
per day is one of the main factors influencing AIC de-
velopment. With increasing VA burden, the risk of AIC
rises: at 25-29% the risk increased 8-fold, at 30-34%
11-fold, and at >35% 17-fold.

Another important electrocardiographic parameter
is the mean pre-ectopic interval of PVCs, which also con-
tributes significantly to AIC development. Several studies
have shown a direct relationship between PEI duration
and haemodynamic indices. Shorter PEI has been associ-
ated with reduced systolic blood pressure [20] and lower
LV EF [6, 11]. S. Abadir et al. reported that a mean PEI
<365 ms was associated with AIC, with a sensitivity of
85.7% and specificity of 86.5% [6]. In our study, we sim-
ilarly found that a shorter mean PEI increased the likeli-
hood of AIC. Specifically, a mean PEI <434 ms increased
the risk of AIC 4-fold.

It should also be noted that AIC risk depends on age
and anthropometric characteristics. Both in our study and
in others, LV dysfunction was more frequently observed
in adolescents compared with other age groups [9, 13].
However, in constructing our prognostic model we estab-
lished that anthropometric indices, particularly body sur-
face area (BSA), had greater prognostic significance than
chronological age. An increase in BSA was associated with
a higher probability of AIC, and BSA >1.7 m? increased the
risk 5-fold.

Table 4. In our multivlariable analysis, three
independent predictors of AIC devel-
opment in children with idiopathic VA
were identified: VA burden, mean PVC
PEI, and BSA. Based on this model, a

Score Sensitivity | Specificity Total p(a)ltients, Patients V;’ith scoring system was dgveloped.to strati-
n (%) AIC, n (%) fy patients into low-, intermediate-, and
Training cohort high-risk groups. These factors account-
0 100.0% 0.0% 102 (26.0) 1(2.9) ed 502. 13,53;’(; of Lhel variance in hAfIC
S S probability. Nevertheless, the search for
! 22.8% 40.9% 93(23.7) 336) additional predictors of AIC remains an
2 85.8% 48.1% 35(8.9) 2(5.7) important task.

3 78.6% 67.5% 37(9.4) 3 (8.6) For validation, a test cohort was re-
4 61.5% 81.8% 77 (19.6) 9 (25.7) cru.ited Wiﬂ(l1 anf(t)ﬁpt.imal total number of
5 - patients and sufficient outcome events.
> >1.5% 5.1% 42(10.7) 15 @2.9) Validation data confirmed the strong
6 3.0% 99.5% 6 (1.5 2(5.7) predictive performance of the model
Test cohort (AUC = 0.893+0.034; 95% CI: 0.827-
0 100.0% 0.0% 26 (26.0) 0 (0.0) 0.960). Thps, the r%sk §c9ring gystem for
| 97.9% 50.7% 23(23.0) 1 (42) AIC in chﬂdren with idiopathic VA, de-
veloped in the present study, has demon-
2 95.8% 68.5% 10 (10.0) 2(8.3) strated its effectiveness and may be
3 89.6% 78.3% 10 (10.0) 3 (12.5) applied in clinical practice. Use of this
4 72.9% 88.8% 13 (13.0) 4(16.7) mgdel will E.lHOW. the identification of
5 35.4% 97 4% 16 (10.0) 12 (50.0) c.h11dren at high risk of AIC and enable
timely treatment before the development

6 4.2% 100.0% 2 (2.0) 2(8.3) of complications.
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CONCLUSION

In this study, three independent predictors of ar-
rhythmia-induced cardiomyopathy were identified in
children with idiopathic VA: VA burden >25%, mean PEI
<434 ms, and BSA >1.7 m?. Based on these predictors,
a prognostic scoring system for AIC was developed for

ORIGINAL ARTICLES

this patient group. The proposed score is based on data
from standard clinical and instrumental examinations and
does not require complex calculations. Its simplicity en-
ables routine assessment of AIC risk and supports the de-
velopment of a personalised approach to the monitoring
and management of each child with idiopathic ventricular
rhythm disturbances.
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