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Abstract

Introduction and aim: In pediatric multisystem inflammatory syndrome and isolated viral
myocarditis/myopericarditis, autonomic nervous system function can be evaluated by a non-
invasive method called heart rate variability. This study aims to evaluate heart rate variability in
these two groups by comparing them with each other. This is the first study assessing these
values in these two groups of patients. Method: Patients who are diagnosed with multisystem
inflammatory syndrome in children and isolated viral myocarditis/myopericarditis at a
university hospital from September 2021 to February 2023 are screened by electrocardiography,
echocardiography, and 24-hour Holter monitoring. A healthy control group, compatible in age
and gender with the patient groups, was selected from healthy subjects that applied to the
hospital for palpitation, murmur, and/or chest pain. Heart rate variability parameters and
related laboratorymarkers were analyzed and compared among the three groups. Results:There
were 30 patients with multisystem inflammatory syndrome in children, 43 patients with
isolated viral myocarditis/myopericarditis, and 109 participants in the healthy control group.
Statistically significant differences were found in most of the heart rate variability parameters:
standard deviation of normal to normal intervals (SDNN), the mean of the 5- minute RR
interval standard deviations (SDNNİ), the standard deviation of 5-minute R wave to R
wave(RR) interval means (SDANN), the root mean square of successive RR interval differences
(RMSSD), and the percentage of the beats with a consecutive RR interval difference of more
than 50 ms (pNN50%), very low frequency, high frequency, low frequency, triangular index,
and low frequency/high-frequency ratio. Multisystem inflammatory syndrome in children
patients had impaired and declined heart rate variability values compared to the other two
groups. In patients with myocarditis/myopericarditis, we couldn’t find a significant difference
in these parameters with the control group. Conclusion:Heart rate variability can be used as an
important non-invasive autonomic function parameter in determining prognosis and
treatment plans, especially in patients diagnosed with multisystem inflammatory syndrome
in children. This impairment of autonomic activity could be more prominent in patients with
decreased left ventricular systolic functions.

Highlights

• Multisystem inflammatory syndrome in children and isolated viral myocarditis/
myopericarditis could cause disturbances of the autonomic activity in the pediatric
population, in which multisystem inflammatory syndrome in children is most prominent.

• Heart rate variability is a non-invasive method to measure this dysfunction.
• Impaired heart rate variability analysis could help clinicians in determining the risk of
arrhythmia and, if necessary, initiating medical treatment by being followed in the ICU.

Myocardial involvement, whether or not is due to systemic inflammatory diseases or after
isolated viral myocarditis/myopericarditis, can become lethal in some cases. Clues that can predict
the clinical course seem to be very important in guiding the treatment of paediatric patients.

A novel new coronavirus came about in late 2019. It was called COVID-19, meaning
coronavirus 2019, by The World Health Organization. The virus was officially designated as
“severe acute respiratory syndrome coronavirus 2”.1 The acute illness was usually mild in
children, something that could not be set for their adult counterparts. After the acute phase,
there could be a systemic inflammatory response with a severe shock-like illness in children with
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features of incomplete Kawasaki disease or toxic shock syndrome
in seldom cases.2 This manifestation is called multisystem
inflammatory syndrome in children.

This syndrome could be mild to severe in distinctive cases. It
had the potential to involve all systems, but the cardiovascular
system was its most regular target. Associated myocarditis and
arrhythmia could cause lethal complications.

Isolated viral myocarditis/myopericarditis apart from multi-
system inflammatory syndrome in children can also cause
devastating events, but the prognosis depends on geography
and/or the healthcare system available in each country.3,4

Autonomic system response to systemic diseases could affect
the course of the disease through the interaction of the respiratory,
cardiovascular, and neurologic systems.5 The release of various
disease-related cytokines stimulates the sympathetic and para-
sympathetic systems. Interaction of the cardiovascular system and
other organs with these systems can lead to an increased heart rate,
arrhythmias, and other respiratory and central nervous system
problems.

A non-invasive biomarker, heart rate variability, could be a
good indicator of the function of the autonomic system and could
also help us to more accurately estimate cardiac and other system
complications.6 Heart rate variability is related to modifications in
the relaxation and stress status of individuals within the
sympathetic and parasympathetic autonomic nervous systems.

Analysis of heart rate variability parameters will also contribute
to the differentiation of the diseases that are similar to one another.
These parameters may help interpret clinical courses of other
diseases with myocarditis involvement, such as Kawasaki disease
or acute rheumatic fever.

This study aimed to analyse the autonomic function by heart
rate variability, correlate it with other laboratory and echocardio-
graphic findings, and compare these results among multisystem
inflammatory syndrome in children, isolated viral myocarditis/
myopericarditis, and control groups to predict the course and
customise the differential diagnosis and treatment of the diseases
with myocarditis/ myopericarditis.

Methods

Patients diagnosed with multisystem inflammatory syndrome in
children, isolated viral myocarditis/myopericarditis, at a university
hospital from September 2021 to February 2023 were included in
this study. The control group, who were compatible in age and
gender with the patient groups, were selected from healthy subjects
that applied to the hospital for murmur, chest pain, or palpitation.
The local ethics committee approved the protocol. The Helsinki
Declaration was taken into consideration. Written informed
consent was obtained from the parents of all participants.

Multisystem inflammatory syndrome in children is diagnosed
according to the Centers for Disease Control and Prevention and
the World Health Organization criteria.7,8 Both clarifications
include fever (though they alter concerning duration), increased
inflammatory markers, at least two signs of multisystem
involvement, clue of severe acute respiratory syndrome corona-
virus 2 infection or exposure, and exclusion of other potential
sources. Multisystem inflammatory syndrome in children patients
were subgrouped according to the established criteria as mild or
severe form.9 Some patients with a more serious clinical course
were evaluated in the severe form according to the predominance
and severity of cardiac functions, cardiac enzyme levels, brain
natriuretic peptide (BNP) values, accompanying hypotension,

arrhythmias, and non-cardiovascular gastrointestinal system
involvement. In another classification, multisystem inflammatory
syndrome in children is divided into groups according to its
overlappingwithKawasaki disease and acute COVID-19 infection.10

Inclusion criteria were to be diagnosed and followed up in this
single-centre clinic.

Myocarditis/myopericarditis diagnosis is made according to the
algorithm of the American Heart Association and European Society
of Cardiology.11,12 It includes history, clinical, and laboratory findings
with the addition of cardiac magnetic resonance imaging confirming
the diagnosis.13,14 All patients had chest pain and elevation of cardiac
biomarkers (troponin I and creatinin kinase-myocardial band).
When there is associated pericarditis, it is called myopericarditis.
There was a viral prodrome within 1–4 weeks in all patients.
Electrocardiography showed ST segment changes/ T wave inversion.

The inclusion criteria for the control group were that they could
have no other cardiologic diseases including structural heart
diseases and arrhythmia syndromes.

Complete blood count, acute phase reactants, creatinine kinase,
cardiac biomarkers (troponin I and creatinin kinase-myocardial
band), and N terminal-pro-Brain natriuretic peptide were also
evaluated in children alongside multisystem inflammatory
syndrome in children and myocarditis/myopericarditis.

The exclusion criteria for patients and the control group were
that they have other systemic diseases. Children with chronic
illnesses and those taking daily medications were, therefore,
excluded from the study.

Electrocardiography (Standard 12-lead electrocardiography) was
performed for the patients at a paper speed of 25 mm/second under
similar conditions. A Nihon Kohden ECG 1250 Cardio fax S (2009,
Tokyo, Japan) device was used at standard velocity and amplitude,
with 24-hour rhythm Holter analysis (Century Holter model 3000
system). Transthoracic echocardiography, performed via Vivid E9
ProUltrasound System (GEMedical Systems, Canada) by using 3 and
6MHz transducers as 2D, M-mode and coloured Doppler, conven-
tional continuous-wave and pulse wave Doppler visualising methods.
Two experienced paediatric cardiologists performed all studies.

Recordings taken with a vx3þ model Century Holter model
3000 system solid-state recorder were evaluated via computer
using the same software system. Twenty-four-hour Holter
monitorization was performed on the median 3rd day ( 2–7 days)
of the disease after the patients were given acute treatment. Blood
pressure readings of all patients were in the normal range, and
none of them had been receiving inotropes or other cardiovascular
medications during Holter monitoring.

Heart rate variability analysis

Heart rate variability is a plain, non-invasive, objective, and
validatedmeasuring procedure for the evaluation of the autonomic
nervous system function.15,16

Heart rate variability is acquired from intervals between normal
sinus heartbeats and can be quantified using a variety of methods
[6,20,38-43], primarily comprising: time-domainmeasures, frequency-
domain measures, and heart rate turbulence. Time-domain and
frequency-domainmethods are based on themeasurement of changes
in consecutive RR intervals on 24-hour rhythm Holter recordings.

Time-domain study
Analyses were conducted on the variation of the heart rate during a
standard time interval based on the time elapsed between two
successive R-waves of the QRS signal on the electrocardiogram, R
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wave to R wave (RR) distances between two consecutive sinus
beats. These parameters included the standard deviation of normal
to normal intervals (SDNN), the standard deviation of 5-minute
RR interval means (SDANN), the mean of the 5-minute RR
interval standard deviations (SDNNi), root mean square of
successive RR interval differences (rMSSD) and the percentage
of the beats with consecutive RR interval difference ofmore than 50
ms (pNN50).

Frequency-domain study
This was analysed by periodic signals, an average of 500 sequential
RR intervals divided into various bands of frequency response.
Total power (TP, the area under the spectral curve from 0.01 to
1.0 Hz), very low-frequency power (the area under the spectral
curve from 0.0033 to 0.04 Hz, very low frequency), low-frequency
(the area under the spectral curve from 0.04 to 0.15 Hz, low
frequency), and high-frequency band power (the area under the
spectral curve from 0.15 to 0.40 Hz, high frequency) were
examined and the low frequency/high-frequency ratio was
calculated.

Frequency-domain parameters include low-frequency and
high-frequency bands in spectral analysis. Low-frequency bands
are connected to the sympathetic nervous system, including the
parasympathetic component. Very low-frequency bands are
bonded to parasympathetic deactivation (17).

The high frequency reflects parasympathetic activity, whereas
low frequency shows both sympathetic and parasympathetic
activity, and SDNN, rMSSD, and pNN50 describe the para-
sympathetic activity.17 The triangular index is a basic marker for
heart rate variability and is repressed by sympathetic impacts.
The low frequency is the only parameter to calculate the activity
of sympathetic activity. The low frequency/high-frequency
index is between 0.15 and 0.4. Low frequency/high-frequency
ratio is assessed to preclude parasympathetic constituents in the
low frequency. Whilst high low frequency/high-frequency ratios
show a rise in sympathetic activity, low ratios reflect a rise in
parasympathetic events. It is related to the modulation of the
efficacy of gas exchange, respiratory sinus arrhythmia, para-
sympathetic nervous system activity, and innervation of the
vagus nerve. Premature ventricular beats are eliminated in the
heart rate variability analysis.18

Statistical analysis

Categorical data were summarised through numbers and percent-
ages. Normal distribution control of continuous data was done with
Shapiro-Wilk’s test. Continuous data, that are not suitable for
normal distribution according tomean and standard deviation data,
were summarised using median and quartiles. Group comparisons
were made with analysis of variance or the Kruskal-Wallis test.

In addition, the relationships between heart rate variability
parameters and laboratory, echocardiographic measurements were
evaluated with Spearman correlation coefficients. Statistically
significant correlations greater than 0.40 were interpreted.
Diagnostic performances of heart rate variability and electrocardi-
ography parameters were evaluated using Receiver Operating Curve
analysis. The sensitivity and specificity values for the obtained cut-off
values were summarised. The statistical significance value was taken
as p< 0.05. Statistical analyses were performed with the
STATISTICA 13.0 package programme. Power analysis is done to
determine the number of patients and control participants.

Results

There were 30 multisystem inflammatory syndrome in children
patients, 43 patients with myocarditis, and 109 patients in the
control group. Eleven patients had a severe type of multisystem
inflammatory syndrome in children, of whom 9/11 patients had
severe Kawasaki-like type multisystem inflammatory syndrome in
children, and 2 patients had hyperinflammatory type without
overlap with Kawasaki disease or acute COVID-19.

The mean age was 139 ± 49.1 months (5–17 years old) in
multisystem inflammatory syndrome in children, 141.8 ± 61.59
months (7–18 years old) in myocarditis, and 137.47 ± 58.02
months (5–17 years old) in the control group.

Imaging and other examination results

The echocardiographic evaluation of all control participants was
normal. Left ventricular systolic function slightly decreased
(ejection fraction 47–55%), in 5 patients with multisystem
inflammatory syndrome in children; while it was in 3 patients
with myocarditis/myopericarditis.

Themedian ventricular ejection fraction was significantly lower
in the multisystem inflammatory syndrome in children group
(66.5% versus 71%; P= 0.018) and the median and z score of left
ventricular end-diastolic dimension was higher in the isolated
myocarditis/myopericarditis group compared to multisystem
inflammatory syndrome in children (median left ventricular
end-diastolic dimension: 42 mm–39 mm z score: þ0.1 versus
−0.12; P = 0.035), respectively.

Although systolic and diastolic blood pressures were lower
in multisystem inflammatory syndrome in children patients
than in the others, the range was normal in all three groups. The
baseline characteristics of all participants are summarised in
Table 1.

Cardiac MR was performed in 30 of the patients with
myocarditis and 14 of the patients with multisystem inflammatory
syndrome in children. Because of the difficulty of the imaging
technique for children, the procedure could not be completed in
the remaining patients. However, these patients who did not
undergo MR imagination were diagnosed by the guidelines using
other history, clinical and laboratory findings. Late enhancement
positive or T1 mapping positive myocarditis findings were
observed in all patients who underwent cardiac MRI, and
myocardial involvement was observed in these patients.

24-hour Holter monitoring and heart rate variability

During the 24-hour rhythm Holter monitoring evaluation,
11 patients had rare extra ventricular beats and two patients had
non-sustained 8–9 beats ventricular tachycardia in the multi-
system inflammatory syndrome in children study group, and
nine patients had rare ventricular extrasystole and one patient
had non-sustained ventricular tachycardia 5–6 beats in a row in
myocarditis/myopericarditis group. In the control group,
35 participants, 13 with rare extra ventricular beats and the
other with rare extra supraventricular beats, were found. Heart
rate variability parameters including both time-domain and
frequency-domain components are summarised in Table 2.

Statistically significant differences were found in SDNN,
SDNNİ, SDANN, RMSSD, pNN50%, very low frequency, high
frequency, low frequency, and triangular index in multisystem
inflammatory syndrome in children patients, who had impaired
and declined heart rate variability values compared to the other
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two groups. Low frequency/high-frequency ratio was meaningfully
higher in patients with multisystem inflammatory syndrome in
children. In patients with myocarditis, although SDNN, SDNNI,
SDANN, RMSSD, and triangular index were also lower,
no significant difference was detected in these parameters within
the control group.

When the mild and severe forms of multisystem inflammatory
syndrome in children were compared with each other for the HRV
parameters, the only significant difference appeared in triangular
index (p < 0.05). While the median of triangular index was 29.5 in
the mild form, it was 10 in the severe form. The discriminating
power of heart rate variability parameters on patients with
multisystem inflammatory syndrome in children was evaluated.
The predictivity of the SDNN, SDNNI, SDANN, RMSSD,
pNN50%, very low frequency, high frequency, low frequency,
low frequency/high frequency, and triangular index in heart rate
variability was higher according to others. According to this
model, cut-off values were calculated. Individuals with values
below these heart rate variability cut-off parameters were classified

as multisystem inflammatory syndrome in children. All cut-offs
and p-values are explained in Table 3.

Neither cardiac MRI ejection fraction nor the existence of
arrhythmia made a significant difference in the heart rate
variability parameters.

Laboratory biomarkers

Troponin I, creatinin kinase, and creatinin kinase-myocardial
band levels were 76 higher in both myocarditis and multisystem
inflammatory syndrome in children groups and N terminal-pro-
Brain natriuretic peptide was high in twenty-three patients of
multisystem inflammatory syndrome in children, and fifteen
patients of myocarditis.

When we look at the relationship between laboratory values
and heart rate variability, no significant correlation was found
between cardiac biomarkers and N terminal-pro-Brain natriu-
retic peptide in both multisystem inflammatory disease and
myocarditis.

Table 1. Demographic features and physical examination results of the groups

MIS-C Mean ± SD Isolated myocarditis Mean ± SD Control group Mean ± SD P value

Age (months) 139 ± 49,1 141,8 ± 61,59 137,47 ± 58,02 0,192

Gender M n (%) 18 (60%) 25 (58.1%) 63 (57.8%) 0,086

F n (%) 12 (40%) 18 (41.9%) 46 (42.2%)

Systolic blood pressure mmhg 106,33 ± 16,72 112,95 ± 11,24 109,37 ± 10,61 0,075

Diastolic blood pressure mmhg 70,33 ± 14,23 72,16 ± 11,88 69,88 ± 9,67 0,081

Height (centimeter) 142,07 ± 26,93 149,09 ± 33,32 145,28 ± 28,15 0,225

Weight(kilogram) 38,02 ± 17,18 42,93 ± 26,7 39,92 ± 18,69 0,115

Table 2. Heart rate variability parameters including both time–domain and frequency–domain components and physical examination measurements and
comparison among MIS–C, myocarditis, and control groups

Group

MIS–C (N= 30)
Isolated myocardıtıs/

myoperıcardıtıs (N= 43) Control healthy group(N = 109)

pMedian (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3)

Heart rate minimum (bpm) 58,50 (54–69) 50,00 (44–54) 50,00 (45–58) <0,001

Heart rate maximum (bpm) 168,00 (150–178) 145,00 (131–161) 158,00 (139,50–175,00) 0,003

Heart rate mean (bpm) 101,00 (91–112) 78,00 (73–85) 87,00 (78–96) <0,001

SDNN (ms) 106,20 (72,65–129,08) 136,49 (116–160,10) 149,90 (113,65–175,25) 0,001

SDNNi (ms) 64,30 (51,35–76,85) 84,20 (69,90–104,70) 89,00 (62,70–123) 0,001

SDANN (ms) 90,50 (70–124) 105,00 (87–117) 120,00 (93–145,50) 0,028

RMSSD (ms) 52,54 (30,50–62,43) 72,50 (54,74–98,60) 76,30 (51,35–109,75) 0,002

pNN50% 15,50 (5,50–21,70) 30,00 (21–42) 25,00 (13–37) <0,001

Very low frequency (ms) 2546,00 (1880–4891) 3749,00 (2872–6213) 3373,00 (2295–4830) 0,011

High frequency (ms) 1235,00 (486,75–2205) 2412,00 (1235–3980) 2759,00 (1313,50–4935,50) 0,003

Low frequency (ms) 1430,50 (1117,75–1613,50) 2411,00 (1735–3493) 2314,00 (1392–3663) 0,001

Low frequency/high frequency 1,20 (0,90–1,63) 0,92 (0,85–1,58) 0,80 (0,60–1,10) <0,001

TriangulerINDEX 26,40 (13,93–32,25) 36,00 (30–48) 37,00 (28,50–46) <0,00

bpm = beat per minute; ms = miliseconds.
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In the myocarditis group, there was a positive correlation
between white blood cells and SDNN, SDNI, RMSSD, pNN50,
high frequency, and low frequency (r= 0.9989–1; p< 0.05).

Other correlation results

In the MISC group, there was a negative correlation between
pNN50% and left ventricular end-diastolic dimension (r=−0.600,
p= 0.000), and a positive moderate correlation with ejection
fraction and fractional shortening (r= 0.439, and r=−0.400;
P= 0.015 and P= 0.028, respectively). There was an intermediate
negative correlation between left ventricular end-diastolic dimen-
sion and maximum HR in multisystem inflammatory syndrome
in children and a weak negative correlation inmyocarditis due to the
control group (r=−0.306, and r=−0.471, respectively; P= 0.009,
P= 0.046). Patients are followed for a median of 1 year
(6 months-2 years). There were neither fatal arrhythmia nor
ventricular systolic dysfunction in the long-term results.

Discussion

In this study, the impairment in heart rate variability parameters
was significant in multisystem inflammatory syndrome in children
patients compared to myocarditis and the control group. In
patients with myocarditis, even if the heart rate variability
parameters also diminish that show autonomic system dysfunc-
tion, the difference wasn’t prominent. Considering the correlation
between heart functions and heart rate variability values, heart rate
variability parameters improve as heart contraction improves and
left ventricular diameter decreases.

All these factors represent an important risk increase in cardiac-
related complications like arrhythmia, and sudden cardiac death in
patients with multisystem inflammatory syndrome in children. In
addition, this autonomic dysfunction could also cause extra
co-morbidities involving, especially neurologic, respirator, and
other systems. There have been some previous studies comparing
myocarditis and multisystem inflammatory syndrome in children
in terms of clinical signs and prognosis. After reviewing the
literature, it appears this is the first study assessing these values in
multisystem inflammatory syndrome in children and comparing
them with isolated viral myocarditis.

Multisystem inflammatory disease in children reflects a wide
clinical spectrum that involves,most importantly, the cardiovascular
system. Cardiovascular system complications do not affect all
patients in the same manner.19 Myocarditis is also an inflammatory
process localised to the heart muscle. A prognostic and predictive
value would be beneficial to clinicians in follow-up and the
prescription of medication. Dysfunction of the autonomic nervous
system could lead to abnormalities in sympathovagal balance. This
interaction might cause respiratory, cardiovascular, and neurologic
system problems.20 It could precipitate a distinctive course in
diseases. This study pointed to the difference in autonomic nervous
system response between these two patient groups.

Normal ranges for heart rate variability in children are
uncertain but can be determined by both comparing adult studies
and data from other healthy children. In the rare paediatric studies
that do exist, no significant relationship was found between age,
gender, height, and weight parameters, and reference to heart
rate variability values.21,22 Despite these findings, another study
suggested that the heart rate variability parameters were age and
sex dependent.23 Age and sex similarity between groups were taken
into account in the present study and there was no significant
difference between the groups. A reassessment of other studies of
normal values for short-term heart rate variability found huge
differences in values.17 It seems better to use longer records such as
24-hourHoltermonitoring to evaluate heart rate variability like the
way in this work. Prognostically, reductions in heart rate variability
are independent predictors of overall mortality, mortality from
heart failure, sudden cardiac death, ventricular arrhythmias, and
the need for transplant.24 Both domains of heart rate variability
parameters: the time and frequency domains are used in this study,
as it is better to have different aspects of cardiac autonomic activity,
that could give us better predictive value. When the SDNN value is
over 100 ms, it has been associated with a markedly lower risk of
mortality.25 In our study, we use a healthy control group to evaluate
heart rate variability parameters. A decrease in heart rate variability
parameters compared to healthy patients was considered signifi-
cant evidence for corruption in heart rate variability.

Time-domain and frequency-domain features of heart rate
variability like SDNN, SDNNİ, SDANN, RMSDD, pNN50%, very
low frequency, and high frequency that show parasympathetic
activity diminished prominently in patients with multisystem
inflammatory syndrome in children. Even if low frequency shows
both sympathetic and parasympathetic activity, an increase in the
ratio of low frequency/high frequency demonstrates a sympathetic
activity rise in these patients. All these factors could lead to
multisystemic dysfunction including cardiac, neurologic, and
gastrointestinal systems that are in contact with the autonomic
nervous system. Severe form of multisystem inflammatory
syndrome in children had more impaired and declined heart
rate variability parameters, especially in the triangular index.
Although a significant difference wasn’t obvious in all param-
eters, it could be interpreted that as the severity of the disease
increases, the autonomic dysfunction could get more impaired.
The results could bemore meaningful with a slightly larger group.

In a study comparing myocarditis and multisystem inflamma-
tory syndrome in children, it was reported that the clinical course
and later recovery were better in multisystem inflammatory
syndrome in children patients.26 Myocarditis could lead to a worse
course including left ventricular systolic dysfunction. In our study,
heart rate variability parameters were more impaired inmultisystem
inflammatory syndrome in children patients than in myocarditis
and control groups. Although there were effects on heart rate

Table 3. Cut-off parameters of HRV values for classifying as MIS-C.

HRV parameters AUC p value Cut-off values

SDNN (ms) 0,715 <0,001 ≤ 126,7

SDNNi (ms) 0,713 <0,001 ≤ 84,2

SDANN (ms) 0,639 0,019 ≤ 96,3

RMSSD (ms) 0,699 <0,001 ≤ 69,8

pNN50% 0,709 <0,001 ≤ 25,1

Very low frequency (ms) 0,626 0,041 ≤ 2789

High frequency (ms) 0,691 <0,001 ≤ 1729

Low frequency (ms) 0,704 <0,001 ≤ 1672

Low frequency/high frequency 0,709 <0,001 >0,9

TriangulerINDEX 0,750 <0,001 ≤ 33,7

AUC= area under curve; HRV= heart rate variability; MIS-C = multisystem inflammatory
syndrome in children.
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variability values due to the deterioration of the autonomic nervous
system in both disease groups, this deterioration was significant in
multisystem inflammatory syndrome in children patients.

There was also a decrease in heart rate variability values in
myocarditis, but no significant differencewas foundwhen compared
to healthy patients. In previous studies, it was observed that there
was an impairment in heart rate variability ofmyocarditis, especially
in cases with arrhythmia.27 It can be said that heart rate variability
parameters are prone to severe arrhythmia and heart failure. It
should be kept inmind thatmultisystem inflammatory syndrome in
children patients with myocardial involvement may be more prone
to the risk of cardiac arrhythmia and sudden cardiac events.

As multisystem inflammatory syndrome in children is a
systemic illness with multiple factors at play, it could lead to severe
left ventricular systolic dysfunction and also arrhythmia. Comparing
myocarditis associated with other systemic involvements, which are
different from isolated viral myocarditis/myopericarditis, may also
be a guide in terms of treatment plans. The excess of cardiac
involvement in these patients may also be related to dysfunction of
the autonomic nervous system. Close follow-up in the ICU could be
preferable, and 24-hour Holter monitoring and anti-arrhythmic
drugs should be considered in patients with increased cardio-
vascular risk.

Looking at the correlations, considering the laboratory
parameters, no significant relationship was found between the
expected cardiac markers and BNP values. There could be
leukopoenia in isolated viral myocarditis, and the positive
correlation between white blood cells and heart rate variability
in these patients could be explained by this association. We
noted that heart rate variability parameters improved as cardiac
functions improved. We found left ventricular end-diastolic
dimension and ejection fraction were correlated to impaired
maximum heart rate and heart rate variability parameters,
similar to the findings of other studies.28 As the functions of the
heart muscle decrease and the diameter of the left ventricle
increases, more attention should be paid to cardiac effects and
arrhythmias in these patients by looking at the electrocardiog-
raphy parameters. Anti-arrhythmic treatments, such as beta-
blockers, can be started for prevention in these patients whose
cardiac functions are affected after 24-hour Holter monitoring
and electrocardiography evaluations.

Other studies also investigate if heart rate variability measure-
ments on any disease could predict any cardiotoxic involve-
ment.29,30 A significant decrease in heart rate variability parameters
can play a role in cardiac arrhythmias and predict deterioration in
cardiac functions, especially in multisystem inflammatory syn-
drome in children patients. These heart rate variability parameters
are thought to be useful in the differential diagnosis of myocardial
involvement in systemic diseases such as multisystem inflamma-
tory syndrome in children, apart from isolated viral myocarditis/
myopericarditis.

Finally, further large sample works should be accompanied to
analyse the clinical usage of heart rate variability in different
clinical situations and also other neuroautonomic impacts.

Limitations

This is a single-center study and these diseases are so scarce,
especially multisystem inflammatory syndrome in children. Other
limitations arise from the method of the 24-hour rhythm Holter
monitoring approach, which can be altered by all physical events
and the posture of subjects and sleep actions.

In conclusion, both multisystem inflammatory syndrome in
children and isolated viral myocarditis could cause disturbances of
the autonomic activity in the paediatric population, in which
multisystem inflammatory syndrome in children is most promi-
nent. Patients with impaired left ventricular dysfunction and
enlargement in the left ventricular dimension could be screened
by 24-hour Holter monitoring. These values will be useful in
determining the risk of arrhythmia, cardiac, and other systemic
effects. Randomised controlled studies with a larger number of
patients should be done in this manner.
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