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The aim. To evaluate the effectiveness of L-carnitine in the complex correction of cardiovascular and autonomic
manifestations of long COVID in children, adolescents, and young adults.

Materials and methods. Within the framework of an open, simple, randomized, parallel-group comparative clinical study,
the effectiveness of L-carnitine at a dose of 50-75 mg/kg per day in 2 doses for 6 weeks in addition to standard therapy
in children and adolescents aged 10 to 17 years, as well as young people aged 18-25 years with long COVID (n = 45) was
studied in comparison with the standard therapy (n = 45) using clinical and anamnestic, electrophysiological,
echocardiographic and other methods. The statistical processing of the results was carried out by the variational method, and
correlation and regression analysis using Student’s t-test for dependent samples, as well as the McNemar chi-square test.
Results. The most frequent clinical manifestations of long COVID were: high fatigue, headaches and muscle weakness — in
66.7-100%. After 6 weeks of treatment, the absence of complaints and normalization of objective status were noted in
93.3% of patients in the main group and 66.7% in the comparison group (p < 0.05). Repolarization abnormalities and rhythm
disturbances, initially registered in 43.3% of patients, were not observed after 6 weeks of therapy in the main group, while
they persisted in more than 50% in the comparison group. By the 6 weeks of treatment, there were no changes in Echo in
the main group, while in the comparison group (slight dilatation of the left ventricle) persisted in 9 out of 12 patients. In the
main group, according to Holter monitoring, restoration of heart rate, normalization of its autonomic regulation,
reduction in the representation of bradyarrhythmias and “density” of extrasystoles were achieved.

Conclusion. The effectiveness of L-carnitine for the correction of the frequency and severity of autonomic and cardiac
disorders in the subjects with long COVID has been shown.
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List of abbreviations: HR — heart rate; LA — left atrium; LVEDD — left ventricular end-diastolic diametr; LV — left ventricle;
LVEF — left ventricular ejection fraction; DMSVS — Paediatric multisystem inflammatory syndrome; CVS — cardiovascular
system; BP — blood pressure; HM — Holter monitor; AEs — adverse effects; SAEs — serious adverse effects; HR — heart rate;
AST — active stand test; HRV — heart rate variability.
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BoO3MOXHOCTU ANArHOCTUKN U hapMaKonorm4eckou Koppekumm
U3MEHEeHUN cepaevyHO-COCYAUCTON CUCTEMbI Yy AieTeN,
NoApPOCTKOB U JUL, MONIOA0ro Bo3pacTa
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Lienb. OueHKa adpdeKTMBHOCTU NpenapaTta L-KapHUTUHA B KOMMNEKCHOW KOPPEKLUW KapAMOBACKYAPHbIX U BEreTaTUBHbIX
NpPosBAEeHUIN NoCcTKoBUAHOro cuHapoma MKC y getei, NoApOCTKOB M INL, MONIOAOIO BO3pacTa.

Martepuanbl U meToabl. B pamkax OTKPbITOro NpOCTOro paHA0MMU3UPOBAHHOIO CPAaBHUTENbHOIO KAMHUYECKOro nccaeaosaHuna
B NapanefibHbixX rpynnax usydeHa s¢pGeKTMBHOCTb L-KapHUTUHA B A03e 50—75 Mr/Kr B CYTKM B 2 MPMEMA B TeyeHMe 6 Hepn
B A06aBNeHUM K CTaHAAPTHOM Tepanuu y AeTel U NoApocTKoB B Bo3pacTe oT 10 ao 17 net, a TakKe MONoAbIX Nnoaen
18-25 net c MKC (n=45) B cpaBHEHWUM CO CTaHAAPTHOM Tepanuen (n=45) ¢ NCNONb30BaHNEM KNUHUKO-aHAMHECTUYECKUX,
3N1eKTPOOU3NONOTMYECKUX, IXOKapamMorpaduyeckmx metogos. CTaTucTMyeckas obpaboTka pesynbTaToB Gblia NMpoBedeHa
METOAOM BapMALMOHHOIO M KOPPEeNALMOHHO-PErpeccCMOHHON0 aHaan3a € Mcnosb3oBaHMeM Kputepua CTblogeHTa AnA
3aBUCUMMbIX BbIBOPOK, a TaKkKe xu-KBaapata MakHemapa.

Pe3ynbratbl. Hanbonee yactbimu KAMHUYECKMMU nposasaeHnAammU MKC 6bian NoBbIWEHHaA YTOMIAEMOCTb, ro/I0BHble 601u
M MbllweyHan cnaboctb — y 66,7—100%. Yepes 6 Hen NeYeHUs OTCyTcTBME Kanob M HopmManusauma o6bEKTUBHOIO cTaTyca
oTmeyvanuch y 93,3% nauMeHTOB OCHOBHOW rpynnbl U 66,7% B rpynne cpasHeHus (p <0,05). AHOManMmM penonsapusaumm
W HapylweHWs pUTMa, 3aperucTpupoBaHHble UCXoaHO y 43,3% nauneHTos, Yepe3 6 Hea TepanuMu B OCHOBHOM rpynne He
OTMEYa/IUCb, 3 B rpynne CpaBHEHUA coxpaHAnucb bonee, yem B 50%. K 6 Hepn fieyeHUss B OCHOBHOW rpynne U3meHeHus
IxoKl oTcyTcTBOBaNM, TOr4a Kak B rpynne CpaBHEHMA (HE3HAUMTENbHAA AWNATaLMA JIEBOMO XeNyAouKa) COXPaHAIUCH Y
9 u3 12 nauueHToB. B OCHOBHOW rpynne Mo AaHHbIM XONTEPOBCKOTO MOHUTOPUPOBAHWUA LOCTUFHYTO BOCCTaHOB/EHWE
YacToTbl PUTMA, HOPMANIM3ALMA €ro BEreTaTMBHOW perynsaumun, CoKpalleHWe KonvyectBa 6paamapTUMUIn U «MAOTHOCTUY»
3KCTPACUCTONNU.

3akntoueHue. [lokasaHa 3PpPeKTUBHOCTb L-KapHUTMHA ANA KOPPEKUMM 4YacToTbl U BbIPAaXKEHHOCTU BereTaTUBHbLIX W
KapamanbHbIX HapyLeHui y uccnegyembix ¢ MKC.

KntoueBble cnoBa: L-KapHUTUH; NOCTKOBUAHbIV CUHAPOM; CepLEeYHO-COCYANCTan CUCTEMA; LLeTU; MOAPOCTKN; IMLLA MONOLOIO
BO3pacTa

Cnucok coKpauweHuii: YCC — uyacToTa cepaeuHbix CokpalwieHuit; JIN — nesoe npeacepave; KOAP /XK — KOHEYHbIN
OMacTONNYECKUI pasmep NeBOro Kenyaouka; MKC — nocTkoBuAHbIM cuHapom; JIXK — nesblii kenypouek; OBIK —
dpaKLma BbIbpoca neBoro xenyaouka; AMCBC — AETCKUI MyNIBTUCUCTEMHbIV BOCNanuTesbHbli cnHapom; CCC — cepaeyHo-
cocyauctaa cuctema; AL — aptepuanbHoe gasneHune; XM — xOnTepoBCKOe MOHUTOpUpoBaHue; HA — HexenatenbHble
AsneHusa; CHA — cepbésHble HexenatenbHble ABneHMA; YCC — 4yacToTa cepaeyHbix cokpalieHui; AOMN — aKTuBHaA
opTocTaTMyeckas npoba; BCP — BapunabenbHOCTb pUTMa cepauia.

INTRODUCTION

Despite
predominance of mild forms of the new coronavirus
infection among adolescents, the
consequences of the pandemic for children’s health
have yet to be assessed [1]. At the beginning of the
pandemic more attention was paid to the acute period
of COVID-19, then at the moment the vector of interest
has shifted towards the subacute and chronic phases of

the relatively low incidence and

children and
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the coronavirus infection — the so-called “long COVID”,
in which, according to the recommendations of the
National Institute for Health and Care Excellence (NICE)
of Great Britain, persistent symptomatic (ongoing)
COVID (4-12 weeks from the onset of the disease)
and post-COVID syndrome (after 12 weeks)' are

1 COVID-19 rapid guideline: managing the long-term effects of
COVID-19. London: National Institute for Health and Care Excellence
(NICE). — 2024. Available from: https://pubmed.ncbi.nim.nih.
gov/33555768/
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distinguished. A special form of long-term COVID-19
in pediatric practice is the multisystem inflammatory
syndrome in children (MIS-C), characterized by the
development of a systemic inflammatory response with
multi-organ lesions 2—6 weeks after the disease [2].

The prevalence of long-term consequences of
COVID-19 varies widely — from 1.6 to 70.0% due
to the lack of unified approaches to classification
and diagnosis? [3]. The frequency of post-COVID
syndrome (PCS) in the pediatric population, according
to a meta-analysis by Jiang et al., was 16.2% [4]. The
clinical manifestations of PCS have much in common
in children and adults, with a predominance of
asthenic syndrome and other disorders of the nervous
system, changes in the gastrointestinal tract (GIT),
bronchopulmonary and cardiovascular disorders.
Symptoms of post-COVID asthenia in children
and adolescents are manifested by cognitive and
psychological disorders: in a third, the quality of life
decreases, and more than half cannot attend school
for a full school day or participate in extracurricular
activities [5].

Some patients with PCS have involvement of the
cardiovascular system (CVS) with blood pressure (BP)
instability, heart rhythm and conduction disorders,
valvular dysfunction, pericardial effusion, etc. [6].
Abnormal results of cardiac MRI an average of 2.5
months after COVID-19 infection were observed in
78% of convalescents: late gadolinium enhancement,
pericardial enhancement, lower left ventricular
ejection fraction (LVEF), higher left ventricular (LV)
volumes, higher LV myocardial mass in combination
with elevated troponin levels and active lymphocytic
inflammation according to endomyocardial biopsy
in severe cases [7]. Therefore, cardiac symptoms in
patients who have had a coronavirus infection require
the exclusion of classical myopericarditis, including
coronary arteritis, endocarditis, myocardial infarction,
rhythm and conduction disorders, pulmonary
embolism, etc. [8, 9], and only then persistent
symptoms can be considered as manifestations of PCS.

Unified approaches to the diagnosis and treatment
of post-COVID disorders have not been defined [10,
11]. It can be partly explained by the complex and
multicomponent nature of the pathogenesis of PCS
and its cardiac manifestations, which are based on
increased thrombosis, mainly in the vessels of the
microcirculatory bed with the development of local
ischemia, endothelial dysfunction, oxidative stress,
mitochondrial dysfunction, viral persistence® [5].
L-carnitine has shown its effectiveness in leveling
the manifestations of asthenic syndrome in various

2 |bid.
3 Ibid.
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diseases [12]. In addition, it has a cardioprotective
effect, reduces the severity of autonomic disorders,
and corrects endothelial dysfunction [13-15], which
determined the choice of L-carnitine as a drug for the
complex therapy of PCS in children and adolescents.

THE AIM. To evaluate the effectiveness of
L-carnitine in the complex correction of vegetative and
cardiovascular manifestations of post-COVID syndrome
in children, adolescents, and young adults.

MATERIALS AND METHODS

Study design

An open (unblinded) controlled, comparative
randomized clinical trial in parallel groups included 90
individuals who had a new coronavirus infection 12 or
more weeks ago, with clinical manifestations of PCS,
and 30 practically healthy individuals who made up the
control group.

Patients with post-COVID syndrome (30 children —
10-14 years old, 30 adolescents — 15-17 years old
and 30 young people — 18-25 vyears old) were
randomized according to age into two groups in a 1:1
ratio: the main group (n = 45), whose treatment plan,
in addition to standard therapy, included L-carnitine
(PIC-Pharma LLC, Russia) at a dose of 50-75 mg/kg
per day in 2 doses, selected on the basis of previous
studies [16, 17] for 6 weeks, and the comparison
group (n = 45), whose patients received standard
therapy — group or individual psychotherapy,
massage, therapeutic exercises. The obtained results
were compared with the corresponding indicators of
individuals in the control group (n = 30), similar to the
study subjects in terms of gender and age.

Study setting and duration

The work was performed on the clinical bases of
Pediatrics of the Children’s Polyclinic No. 4 (Saransk,
Russia) and the Center for Medicine “MEDiZ” of the
National Research Ogarev Mordovia State University
(Saransk, Russia). The study was conducted from
February 2022 to May 2024; the duration of the
intervention was 6 weeks.

Randomization

All patients included in the study were divided into
groups using simple randomization (the “heads” and
“tails” method).

Eligibility criteria

Inclusion criteria for the study group: children
and adolescents aged 10 to 17 years 11 months and
29 days, as well as young people 18-25 years of male
and female sex with a history of 4 or more weeks
ago and laboratory-confirmed new coronavirus

Volume XIlII, Issue 4, 2025
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infection; PCS diagnosed by a pediatrician or therapist
in children, adolescents and young adults according
to the Methodological Recommendations “Features
of the course of Long-COVID infection. Therapeutic
and rehabilitation measures” [2]; manifestations of
PCS from 2 or more organs and systems, including
the CVS and nervous system, in the form of objective
changes and/or pathological results of laboratory
and instrumental methods of examination; written
informed consent of parents (legal representatives)
of a child under 14 years of age and/or an adolescent
15-17 years of age or a patient 18-25 years of age to
participate in the study.

Exclusion criteria for patients in the study: children
under 10 years of age; pregnant women; children
with previously established chronic diseases of the
CVS, respiratory, central nervous, endocrine systems;
children receiving metabolic drugs (L-carnitine,
phosphocreatine, mildronate, trimetazidine) for
3 months before the start of this study.

Exclusion criteria from the study: refusal to
participate in the study at any stage; failure to perform
study procedures; the occurrence of serious adverse
events during the study.

The control group was formed in accordance
with the following criteria: the first and second
health groups according to the results of the medical
examination; no history of a new coronavirus infection
and negative ELISA results for specific antibodies
against Sars-CoV-2; absence of objective and
laboratory-instrumental manifestations from the CVS,
central nervous system, autonomic nervous system and
psychological disorders characteristic of PCS; signed
informed consent.

Outcomes registration

e Clinical and anamnestic method with assessment
of the severity of the infection, the presence of
comorbid conditions, complaints and general
condition during of examination;

e Physical examination, blood pressure
measurement  (auscultatory  method on
peripheral arteries, according to the draft clinical
guidelines “Diagnosis and treatment of arterial
hypertension in children and adolescents”) [18];

e Standard ECG on a SHILLER AT-5 device
(Switzerland) at a tape speed of 50 mm/s;

e Echo-CG to assess the morphofunctional state
of the myocardium on a Xario model SSA-66
device from TOSHIBA (Japan);

e Holter monitoring (HM) of ECG with assessment
of heart rate variability (with calculation
of temporal parameters [pNN50, rMSSD,
SDNN] using the hardware-software complex

Tom 13, Beinyck 4, 2025

“Cardiotechnika-04" NAO “Institute of
Cardiological Technology” (Russia);

e Determination of the initial vegetative tone
(according to the tables of Vein, modified by
N.A. Belokon);

e Active orthostatic test, which was carried out
according to the recommendations specified in
the guide for doctors Belokon et al*. Pathological
types of reactions: orthostatic tachycardia,
orthostatic hypotension, orthostatic hypertension
were determined according to the criteria of
foreign authors [19-21].

e Assessment of the severity of PCS symptoms
using a visual analog scale (VAS).

e Determination of quality of life (PedsQL™).

Primary outcome of the study
The presence of signs of PCS after 6, 12 and
24 weeks of follow-up.

Safety

In the process of the study, safety was also
assessed: the total number of adverse events (AEs),
stratified by severity and frequency; the frequency of
adverse reactions; the frequency of serious adverse
events (SAEs), including those associated with the use
of the study drug/placebo; the proportion of subjects
who registered at least one AE.

Ethics approval

The study was approved by the Local Ethics
Committee of the Medical Institute of the National
Research Ogarev Mordovia State University (Protocol
No. 93 dated May 28, 2021). Inclusion in the study was
carried out in accordance with the approved criteria
upon receipt of signed informed voluntary consent for
examination from the parent or legal representative
of the child and the child who has reached the age
of 15 years®.

Statistical analysis

For statistical data processing the IBM SPSS
Statistics v.25 was used. Compliance with the law of
normal distribution was checked using the Shapiro—
Wilk and Kolmogorov—Smirnov tests. For indicators
with a distribution close to normal, the arithmetic
mean (M) and standard deviation (SD), 95% confidence
interval (Cl) were calculated. The statistical significance
of differences was determined for two groups using
Student’s t-test, for three groups — using one-way
analysis of variance (ANOVA). The direction and

“ Belokon NA, Kuberger MB. Diseases of the heart and blood vessels in
children. Moscow: Medicine; 1987. 446 p. Russian

5 Federal Law No. 323-FZ dated November 21, 2011 “On the Basics of
Public Health Protection in the Russian Federation”. Russian
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strength of the correlation between two quantitative
indicators were assessed using Pearson’s correlation
coefficient. Qualitative indicators are presented both in
absolute and relative values. To calculate the statistical
significance of differences in qualitative characteristics,
Pearson’s x> test was used. If the number of
observations in any of the cells of the table was 10
or more, Yates» correction for continuity was used;
if the number of observations was from 5 to 9, with
the number of observations less than 5 in any of the
cells — Fisher’s exact test. The reliability of differences
in the data obtained was established at the level of
p <0.05.

RESULTS

Baseline characteristics of patients

At the preliminary stage, we analyzed the data of
medical records of 461 children, residents of Saransk
aged 10-17 years (average age 13.8 + 1.9 years), who
underwent laboratory-confirmed COVID-19 during
2021-2022. 154 (33.4%) revealed indications of the
appearance of new / persistence of existing symptoms
of the acute phase 4 weeks after the coronavirus
infection in the absence of established causes. In 29
of them (6.3% of the total number of children who
underwent COVID-19), autoimmune or demyelinating
diseases were diagnosed during the year with further
in-depth examination, in 47 (10.2%) — cardiovascular,
bronchopulmonary, uro-nephrological diseases, blood
diseases, gastrointestinal tract, etc. were detected for
the first time.

In 13 children and adolescents out of 78 with a
diagnosis of exclusion of PCS, established according to
the criteria of the Russian Scientific Medical Society of
Internal Medicine and NICE, complaints disappeared
after 12 weeks, and in 65 symptoms persisted for
more than 12 weeks and there was actually PCS,
the prevalence of which in the population of minor
residents of Saransk was 14.1%. The prevalence of
long-term COVID symptoms among 2634 students of
Ogarev Moscow State University — residents of Saransk
aged 18-25 years, was higher than among children
and adolescents and amounted to 49.4% (1300 people)
and 761 (28.9% of the total number of those who
had been ill) were diagnosed with PCS.

Participation in the clinical study was offered to
98 patients aged 10-25 years with PCS who signed
informed consent, of which 90 people met the inclusion
criteria. Patients in the main group and the comparison
group did not differ in age (14.5 + 2.6 years and
15.6 + 1.9 years, respectively) and gender composition
(21 [46.7%] male and 24 [53.3%] female patients in
the main group and 19 (42.2%) and 26 (57.8%) in the
comparison group, respectively). Most often, the new
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coronavirus infection in children was mild, a moderate
course was registered in 10 (23.3%) patients, and 13
patients underwent MIS-C.

Dynamics of clinical manifestations post-COVID

syndrome against the background

of complex therapy

The main clinical manifestations of PCS were
comparable in the main group and the comparison
group and were characterized by increased fatigue,
headaches and muscle weakness — in 66.7-100% of
the study subjects in the main group (Table 1). Less
often (in 40.0-57.7%) there were appetite disorders /
abdominal syndrome, sleep disorders, cognitive
impairments (impaired memory, attention) and anxiety-
depressive symptoms, cardialgia, these manifestations
were recorded significantly more often in the main
group compared with the control group (p = 0.00). A
third of patients complained of decreased tolerance to
physical activity, subfebrile temperature. Complaints
of arthralgia, anosmia, hand tremor and hair loss were
registered much less frequently. In the control group,
only 3.3-6.7% of the examined individuals of the
corresponding gender and age noted complaints, most
often of increased fatigue and periodic headaches,
which were relieved on their own.

The dynamics of clinical manifestations of PCS
against the background of complex therapy are
presented in Table 1. After 6 weeks of treatment, 42
(93.3%) patients in the main group had no complaints.
In the remaining 3 (6.7%) patients in the main group
and 15 (33.3%) patients in the comparison group, PCS
symptoms were relieved by 12 weeks of follow-up.
Symptoms of asthenia and dysosmia persisted longer.

Assessment of the severity of post-COVID

syndrome symptoms using a visual analog scale

The results of assessing the severity of some PCS
symptoms using VAS are presented in Figure 1.

In the main group, by 6 weeks of treatment, the
severity of all symptoms decreased by 1.9-1.7 times
(p = 0.00). Complaints of a cardiac nature of minimal
severity remained only in 2 (4.4%) adolescents by
the end of the active intervention, while for children,
adolescents and young adults in the comparison
group, a similar dynamic was registered only after 12
weeks of treatment. By 24 weeks of follow-up, clinical
symptoms were completely absent in all groups.

Dynamics of changes in blood pressure

Initially, normal blood pressure values for the
corresponding age, gender and height were recorded
in 43.3% of children, adolescents and young adults
in the main group. Hypotension was determined
in the same percentage of children, and almost
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Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2025-13-4-270-284

2 times less often hypertension of the 1 degree and
high normal blood pressure. A similar picture was
observed in the comparison group. After a course of
treatment, hypotension was recorded in only 16.7% of
children and adolescents (p < 0.05), and the number
of examined individuals with high normal blood
pressure decreased by almost 2 times (p > 0.05). In
the comparison group, the representation of children
and adolescents with hypotension also decreased in
dynamics (from 46.7 to 33.3%, p > 0.05).

ECG dynamics

The initial heart rate (HR) according to the standard
ECG in the study groups varied widely (Fig. 2): sinus
bradyarrhythmia/sinus node dysfunction (migration of
the rhythm driver, atrial rhythm) was recorded in 24.4—
26.7% of the examined individuals, sinus tachycardia —
in 28.9-31.1%. Sinus respiratory arrhythmia was
detected in 11.1% of the examined individuals in the
main group and 13.3% in the comparison group. By the
end of the active intervention period in the main group,
there was a significant (from 33.3% to 80%, p = 0.00)
increase in the proportion of children, adolescents and
young adults with sinus rhythm with normal HR (in the
comparison group — from 31.1% to 38.9%). Restoration
of sinus rhythm and normalization of HR occurred
mainly due to improved sinus node function, while in
the comparison group bradyarrhythmia/sinus node
dysfunction persisted in 17.8%, tachycardia — in 20%
and respiratory arrhythmia — in 11.1% of the examined
individuals (p > 0.05). Although pathological HR values
(increase > 98 percentile or decrease < 2 percentile)
were not recorded in any of the examined individuals.

Determination of the initial vegetative tone

When determining the initial vegetative tone
(modified tables of Vein), sympathicotonia and
vagotonia were recorded in 8 (17.8%) and 21 (46.7%)
of the examined individuals in the main group. In
the comparison group, eutonia in 21 (46.7%) and
vagotonia — in 15 (33.3%) predominated.

At the end of the course of treatment, both
groups showed positive shifts in vegetative tone in the
form of an increase in the representation of eutonia
and a reduction in vagotonia and sympathicotonia.
However, in the comparison group, the frequency
of eutonia increased slightly (up to 57.8%), not
reaching the corresponding values of the control
group (70%), and sympathicotonia in 5 out of 9
patients changed to vagotonia. Whereas in the main
group, complex therapy with L-carnitine significantly
reduced the frequency of vagotonia — to 12 (26.7%)
and sympathicotonia to 1 (2.2%), contributing to
the normalization of vegetative tone in the absolute
majority of patients — 32 (71.1%).

Tom 13, Beinyck 4, 2025

Results of the active orthostatic test

Patients in the main group and the comparison
group were dominated by normal types of reaction
(53.3% and 48.9%, respectively) to AST (classification
of Belokon), but they were recorded less often than
in the control group (76.7%). Hypersympathicotonic,
hyperdiastolic and asympathicotonic types of
reaction were noted in 6.7-24.4% and 8.9-28.9%
of the examined individuals in the main group
and the comparison group, respectively, while
sympathoasthenic and asthenosympathetic variants
were not found in our population. After 6 weeks of
therapy in the main group, there was a significant
decrease in the proportion of pathological and an
increase in the normal type of reaction to AST (up to
91.1%, p = 0.00), hyperdiastolic and asympathicotonic
types were not found, and the frequency of the
hypersympathicotonic variant of the reaction decreased
by 3 times. In the comparison group, the frequency
of normal reaction to AST also increased, but less
significantly, since all pathological types of reaction
persisted, especially hyperdiastolic (Fig. 3).

Specific types of reaction: orthostatic hypertension,
orthostatic hypotension, postural orthostatic
tachycardia were noted in 3-11 (6.7-24.4%) and
2-13 (4.4-28.9%) patients in the main group and
the comparison group, respectively, with a clear
predominance of orthostatic postural tachycardia.
After 6 weeks of therapy in the main group, postural
orthostatic tachycardia syndrome persisted only in 1
adolescent girl (2.2%), while in the comparison group,
despite the positive dynamics, there were 8 such
patients (17.8%).

Echo-CG results

According to Echo-CG data presented in Table 2,
mild LV dilatation (average value of left ventricular
end-diastolic diameter (LVEDD) 1.5 (1.1; 1.8) Z-score)
was noted in 6 (13.3%) patients, regurgitation on the
mitral/tricuspid valve of the 1st degree was detected
in 3 (6.7%), minor pericardial effusion — in 3 (6.7%)
and dilatation of the coronary arteries — in 1 (2.2%) of
the main group (mostly — in children and adolescents
who underwent MIS-C). Comparable data were also
typical for children, adolescents and young adults in
the comparison group. By 6 weeks of treatment in the
main group, there were no pathological changes, while
in the comparison group, minor LV dilatation persisted
in 6 out of 8 patients. In all patients in the main group,
the ejection fraction increased within normal values.
The values of the thickness of the posterior wall of
the LV, the interventricular septum and the size of the
right atrium did not have significant differences in the
analyzed groups.
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Table 1 - Clinical manifestations of post-COVID syndrome in the study groups, n (%)

Control Main group (n = 45) Comparison group (n = 45)
Clinical manifestations (no: ;8) before 6 weeks of before 6 weeks
treatment therapy treatment of therapy
. 45 (100%)* 3 (6.7%)# 45 (100%)* 12 (40.0%)#
0,
Increased fatigue 2 (6.7%) (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
40 (88.9%)* 1(2.2%)# 42 (93.3%)* 14 (31.1%)#
0,
Headaches 2 (6.7%) (p =0.00) (p = 0.00) (p = 0.00) (p =0.00)
30 (66.7%)* 2 (4.4%)# 32 (71.1%)* 13 (28.9%)#
Muscle weakness 0 (p =0.00) (p = 0.00) (p = 0.00) (p=0.01)
VAR 0, (VAL 0,
Appetite disorder / abdominal syndrome 1 (3.3%) (2:=(%7070?) (1p(i(2)f)’z);¢ (2;=(503030?) (1552()6671?)#
) 25 (55.6%) *  O# 21 (46.7%)* 7 (15.6%)#
Sleep disorder 0 (p =0.00) (p =0.00) (p = 0.00) (p =0.00)
L 22 (48.9%) *  1(2.2%)# 21 (46.7%)* 6 (13.3%)#
Cognitive impairments 0 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
. ) 16 (35.6%) *  O# 17 (37.8%)* 5 (11.1%)#
Anxiety-depressive symptoms 0 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
0/ \* 0,
Emotional lability tesn) o ) 1sa00% 2V
o 18 (40.0%)* o# 17 (37.7%)* 5 (11.1%)#
[v)
Cardialgia 1(3.3%) (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
) o 14 (31.1%) o# 15 (33.3%)* 3 (6.7%)#
Subfebrile condition 0 (b = 0.00) (p = 0.00) (b = 0.00) (p = 0.00)
0o/ \* o/ | * 0,
Decreased tolerance to physical activity 0 (1::(3050%7’) ?;: 0.00) (1;:(36303()@ ?p(iggg;
. . 14 (31.1%)* o# 13 (28.9%)* 2 (4.4%)#
Anosmia / dysosmia 0 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
6 (13.3%)* o# 5(13.3%) 1(2.2%)
Hand tremor 0 (p = 0.03) (p = 0.04) (p = 0.05) (p=0.13)
Hair loss 0 6 (13.3%)* o# 7 (15.6%)* 2 (4.4%)
(p =0.03) (p =0.04) (p=0.02) (p =0.07)
. 4 (8.9%) 0 3 (6.7%) 1(2.2%)
Arthralgia 0 (p = 0.08) (p=0.13) (p=0.13) (p = 0.48)
) . 9 (20.0%)* o# 8 (17.7%)* 6 (6.7%)
Feeling of palpitations 0 (p = 0.01) (p = 0.01) (p = 0.01) (p = 0.48)

Note: * — differences from the corresponding indicators of children in the control group at p < 0.05; # — differences from the corresponding
indicators of children in the main group/comparison group before and after treatment at p < 0.05 (according to McNemar’s chi-square test).

Table 2 - Sizes of heart cavities and indicators of central hemodynamics in patients with post-COVID
syndrome and children of the control group

Patient erouns LA, mm LVEDD LV, mm LVEF,%
B before after before after before after
*
Main group 10-14 years 225412 (zpzf;:é)l 46.5+3.4 ?,:foiolzi); 70.2+3.0 (7:':1(;"62;
22.5+1.7 43.4+4.1 69.1+3.3
Comparison group 10-14 years 22.7+1.6 (p=0.60)/ 44,1+4.8 (p=0.69)/ 69.8 £ 3.0 (p=0.71)/
(p =0.89) (p=0.71) (p=0.16)
*
Main group 15-17 years 25233 (2535011'()5 47.1%2.1 ?;':101'115 68.9+23 f:f;g;
241+1.9 46.7 £ 3.2 69.8+3.0
Comparison group 15-17 years 24.4+2.6 (p=0.81)/ 47.4+3.7 (p=0.64)/ 69.1+3.3 (p=0.80)/
(p=0.84) (p = 0.43) (p=0.08)
Main group 18-25 years 251429 (2;':101;5 48.142.1 g':lotgé;g 677423 ?:‘:35725?
248124 48.3+3.4 68.8 2.0
Comparison group 18-25years 25.4+2.4 (p=0.77)/ 493+43 (p=0.13)/ 68.6+2.1 (p=1.00)/
(p = 0.56) (p=0.29) (p=0.12)

Note: LA — left atrium; LVEDD — left ventricular end-diastolic diameter; LVEF — left ventricular ejection fraction. * — differences from the
corresponding indicators of children in the main group/comparison group before and after treatment at p < 0.05 (according to Student’s test);
** — differences from the corresponding indicators of children in the main group and the comparison group after treatment at p < 0.05.
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Table 3 — Some indicators of Holter monitoring in children, adolescents and young adults
with post-COVID syndrome

Frequency of detection:

Duration of the episodes

Indicators e T of supraventricular suprayentrlcular/ episodes of mlgr?tlon

interval. ms il e e ventricular of the rhythm driver/
! replacement extrasystole sino-atrial blockade

x:;’t‘ng]::t‘p before 4584123 19 (42.2%) 6 (13.3%) / 1 (2.2%) 23 (51.1%)

Main group after 401.8 £19.7* 1(2.2%)* 0 9(20%)*

6 weeks (p=0.01) (p =0.00) (p =0.00)

Eggf:;';g:ri;on‘ip 418.3+13.8 20 (44.4%) 5 (11.1%) / 2 (4.4%) 26 (57.8%)

Comparison group 401.4 + 16.8* 12 (26.7%)* 0 0 17 (37.8%)*

after 6 weeks (p=0.02)/(p=0.70) (p=0.01)/ (p =0.00)** > (11.1%) / 2 (4.4%) (p=0.01)/ (p=0.06)

Note: * — differences from the corresponding indicators before treatment are significant at p < 0.05; ** — differences from the corresponding
indicators of children in the main group and the comparison group after treatment at p < 0.05.

Table 4 — Some indicators of Holter monitoring in children, adolescents and young adults
with post-COVID syndrome

Age
Indicator 10-14 years — 15-17 years - COVIDlS—ZS yea}-ris —
Post-COVID Healthy peers ost Healthy peers ost- ealthy
syndrome syndrome peers
25.7+5.7 24.0+£3.0 23.3+8.0
+ + +
pNN50 (p=0.97) 25.8%5.1 (p =0.01)* 28.6+7.2 (p = 0.01)* 30.0£35
51.4+8.1 57.4+6.7 55.5+8.9*

+ + +
rMSSD (p=0.01)* 59.6+6.1 (p =0.02)* 62.5+3.5 (p=003) 68.2+3.6
141.7 £ 14.7 139.3+16.1* 144.6 £ 19.2*

+ + +
SDNN (p=0.11) 155.0+ 16.2 (p=0.02) 160.1+12.8 (p=0.01) 170.8 +16.2

Note: * — differences from the corresponding indicators of children in the control group at p < 0.05.

Table 5 — Dynamics of life quality indicators in children, adolescents and young adults
with post-COVID syndrome during treatment

. Main group Comparison group
Indicator Control group
Before treatment  After Before treatment  After
92.8 + 4.6#
87.5+5.7*% 97.8 £ 2.5# 88.8 + 5.3*%
Physical functioning - - - (p=0.01)**/ 99.4+1.0
(p =0.00) (p =0.00) (p =0.00) (0 =0.003)
91.5+6.9#
. - 65.33 +17.9*% 95.5+4.2# 67.4 +6.3*
= +
Emotional functioning (p = 0.00) (p = 0.00) (p = 0.00) (p =0.00) / 98.8+1.4
(p =0.33)
92.0+6.5
89.8 + 8.3* 96.7 £ .5# 88.9+9.2%*
Social functioning - - - (p=0.48)/ 98.4+1.8
(p = 0.00) (p =0.00) (p =0.00) (0 =0.07)
84.3 +6.3#
- 69.3+6.5* 84.6 +7.6%# 71.1+4.5*
= +
School functioning (p =0.00) (p =0.00) (p = 0.00) g: i 8(;(2); / 98.3+1.9

Note: * — differences from the corresponding indicators of children in the control group at p < 0.05; # — differences from the corresponding
indicators of children in the main group and the comparison group before and after treatment at p < 0.05; ** — differences from the corresponding
indicators of children in the main group and the comparison group after treatment at p < 0.05.
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8 7.1
5.4 6.9
6
4
, |0t :
> - o
0
Headache Cardialgia
Palpitation
Headache
[ After treatment

Before treatment Cardialgia

Palpitation
Figure 1 — Dynamics of the severity of headaches, cardialgia, palpitations during treatment in children
of the main group.

Main group

Comparison grou
37.8 P g P

6 weeks of treatment

M Initially

Figure 2 — Dynamics of ECG disorders in children, adolescents and young adults in the main group

and the comparison group during treatment.
Note: * — differences from the corresponding indicators of children in the comparison group at p < 0.05.
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Comparison group after treatment
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91.1, p=0.001
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60% 80% 100%

Figure 3 — Representation of types of reaction to the orthostatic test in individuals of the main group
and the comparison group during therapy.

SDNN

153.3 150

142
200 rMssb (p=0.72) (p=0.13) (p = 0.20)

pNN50

(p=0.14) (p = 0.04) (p = 0.05)

150 62.3
*
100 30.2 37 35
(p=0.08) (p=0.10) (p = 0.03)
50
60.3
25.6 24 225
0
10-14 15-17 18-25 10-14
years years  years years

60.3

15-17
years

63.3* 67.3

141.2 146
66
18-25 10-14 15-17 18-25
years years years years

Before treatment m After treatment

Figure 4 — Indicators of temporal analysis of heart rate variability in dynamics in patients of the main group.

Holter ECG monitoring with assessment

of heart rate variability

The initial HR values
at night) during HM ECG in the main group
and the comparison group did not differ
significantly and tended to bradycardia (in
comparison with children adolescents in
the control group), more pronounced in patients
10-14 years old — 72.7 £ 9.9 vs 79.5 + 7.5 per min.
Patients with PCS registered single extrasystole (atrial
in 13.3%, ventricular — in 2.2%) with a frequency of
1385.6 + 97.3 and 1513.8 + 102.3 per day for patients
in the main group and the comparison group (which
in most patients was monomorphic and only in 2 —
polymorphic in nature and in 1 adolescent episodes
of allorhythmia of the trigeminy type were detected).
In 32-36 patients in each group (71.1-77.8%), signs
of sinus node dysfunction were detected (episodes of
migration of the rhythm driver, sinoatrial blockade,
supraventricular replacement rhythm), and clinically
significant rhythm pauses (1432-1692 ms)
recorded in 3 (6.7%) patients with PCS (Table 3).

(during the day and

and

were
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The inclusion of L-carnitine in addition to standard
therapy led to the restoration of HR, a reduction in the
frequency of registration of bradyarrhythmias and a
decrease in the “density” of extrasystole (p = 0.01). The
representation of ectopic complexes and the number
of episodes of non-sinus rhythm in the comparison
group changed insignificantly.

The average daily value of the QTc interval
according to HM was initially higher in children,
adolescents and young adults who had a new
coronavirus infection — 429.1 + 11.6 ms vs healthy
399.3 + 18.8 (p = 0.01).
repolarization disorders were leveled out by 6 weeks

peers — Non-specific
in both study groups. One 10-year-old child who
underwent MIS-C with myocarditis and coronary
arteritis had flattening of the T wave and ST depression
up to 150 pV according to HM ECG, which were
leveled out after a course of complex therapy with the
additional use of L-carnitine.

rate

Indicators of temporal analysis of heart

variability (HRV) according to HM in all age categories
279
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were initially reduced in 26 (57.8%) patients in the
main group and 27 (60%) individuals in the comparison
group (Table 4), and the average SDNN values
regardless the age were lower in patients with PCS
compared to healthy peers. By 6 weeks of treatment,
the average group values of pNN50, rMSSD, SDNN
significantly increased in all children, adolescents
and young adults in the main group, approaching the
indicators of healthy peers. A similar dynamic was
observed in the comparison group, but the differences
did not reach statistical significance. By the end of the
observation, the main indicators of temporal analysis
of HRV corresponded to reference values in 39 (86.7%)
and only in 14 (31.1%) patients in the main group and
the comparison group, respectively (p = 0.00) (Fig. 4).

Quality of Life Assessment (PedsQL™)

Cardiac disorders in patients with PCS were
associated with psychological problems and a
decrease in quality of life according to the PedsQL™
guestionnaire. At the same time, emotional and social
functioning was more reduced in adolescents aged
15-17 years, and physical and school functioning — in
children aged 10-14 years. When assessing physical
identified statistically significant
differences depending on the presence of rhythm and
conduction disturbances (p = 0.013). As follows from
the data presented in Table 5, there was a statistically

functioning, we

significant increase in quality of life indicators in all
areas (physical, emotional, social, school functioning)
in patients of the main group, while in the comparison
group, the
functioning significantly improved.

In general, after 6 weeks of treatment, the therapy
with the additional use of L-carnitine led to the absence
of complaints, normalization of objective status,
laboratory and instrumental data in 42 (93.3%) patients
of the main group, and in the comparison group, similar
results were obtained in 66.7% (p < 0.05).

indicator of emotional and school

Adverse events

No adverse events requiring drug withdrawal,
significant deterioration of clinical, instrumental and
biochemical parameters (ALT, AST, urea, creatinine,
glucose) during drug administration were registered.

DISCUSSION

Despite the lower rates of morbidity, severity and
mortality, health problems after a new coronavirus
infection could not but affect the population of
children and adolescents. According to the literature,

280

the prevalence of long COVID (including ongoing
symptomatic COVID) and PCS varies from 1.6 to 78%
(depending on age and diagnostic criteria) [22]. The
prevalence of PCS in our study was 14.1% among
minors and 28.9% among individuals aged 18-25 years,
which corresponds to the age trends in the formation
of PCS, but is generally somewhat lower than according
to Russian studies [23, 24], but, at the same time,
higher than according to the results of the meta-
analysis by Wulf Hanson et al., which established that
3 months after a new coronavirus infection, 2.8% of the
subjects under 20 years of age had at least 1 symptom
of PCS [3].

The likelihood of developing PCS practically does
not correlate with the severity of acute COVID-19, but
is higher in seropositive patients [5, 25]. Our study
with laboratory-confirmed
new coronavirus infection, but only 23.3% of them
had a moderate course of the disease in the acute
period, the rest had a mild or asymptomatic course.
Although, it should be noted that 13 patients out of
45 patients included in the study with a diagnosis
of U09.9 — Condition after COVID-19, had a
history of MIS-C associated with a new coronavirus
infection [26].

According to the literature, it is the lesion of the
CVS, along with the involvement of the gastrointestinal
tract, that is the leading organ manifestation of MIS-C

included only patients

and often determines the life prognosis [27]. At the
same time, repolarization disorders on the ECG,
arrhythmias and conduction blocks, increased activity
of cardio-specific enzymes, myocardial dysfunction,
pericardial effusion and dilatation of the coronary
arteries, which are determined in 67-90% of children
with MIS-C, can persist for more than 12 weeks from
the moment of [28] and
“result” in the development of independent nosological

infection manifestation

forms — myocarditis, pericarditis, arterial hypertension,
coronary artery aneurysms.

Adult patients after a coronavirus infection
have a 1.6 times higher risk of developing a
new cardiovascular disease, including rhythm

disorders, non-ischemic / ischemic cardiomyopathy,
cerebrovascular and thrombotic diseases [29]. Similar
information for the pediatric population was first
presented in a recent review by Zhang et al. [30], who
demonstrated that after a new coronavirus infection in
children and adolescents, there is an increased risk of
developing arterial hypertension, rhythm disorders,
myocarditis, failure, cardiomyopathy
thromboembolic disorders. Moreover, patients aged

heart and
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5-20 years demonstrated a higher risk of developing
disorders (especially arrhythmias)
compared with children under 5 years of age. In our
study, the presence of certain cardiovascular diseases
was an exclusion criterion, but the frequency of
cardiac manifestations of PCS (chest pain, palpitations,
syncope) was 1.71%, which fully corresponded to the
data of the review [30].

CVS damage in long-term COVID in children, in
contrast to MIS-C, is described in a small number
of studies, according to which
consequences occurred in 8.7-14.5 patients [31-33].
The most common symptoms were increased or
decreased blood pressure and postural tachycardia
syndrome. According to our data, arterial hypo- and
hypertension at rest and abnormal reactions to
orthostasis were detected in 3—16 patients (6.7-24.4%).
Among electrophysiological abnormalities, sinus tachy-
and bradycardia, repolarization disorders are most
often described [34]. The work of Delogu et al. also
presents data on a slight prolongation of QTc (within
the normal range) in the long-term COVID group,
as well as a change in heart rate variability with a
predominance of parasympathetic activity [34].
in general, the examined children,
adolescents and young adults with PCS, were
dominated by complaints of an asthenic nature, which
is fully consistent with the known literature data,
about the most frequent detection in children and
adolescents with long-term COVID-19 of increased
fatigue (up to 87%) and headache (up to 80%) [32,
35]. Although severe headache may be due to a
decrease or increase in blood pressure, and increased
fatigue and decreased tolerance to physical activity, in
part, is mediated by myocardial dysfunction and the
development of rhythm disorders. This is confirmed by
the presence of a direct moderate correlation between
symptoms from the CVS and a decrease in quality of

cardiovascular

cardiovascular

However,

life: in particular, the number of extrasystoles and
impaired physical functioning (r = 0.469).

Given the complex nature of pathogenesis, the
treatment of PCS is currently only being developed [36].
In adult patients, tranquilizers of the benzodiazepine
group, antidepressants (tricyclic and serotonin reuptake
inhibitors), nootropics, vitamins (especially groups B, C
and D), antioxidants, and energy-tropic drugs are used.
In children, the protective effect of aminoacetic acid
(glycine) and its combinations with glutamic acid and
L-cysteine (eltacin) has been shown [37].

L-carnitine has demonstrated its effectiveness in
the acute period of COVID-19, providing antioxidant,
immunomodulatory, suppressing TNF-a, IL-6, and
IL-1, as well as cardioprotective effects [38]. In a study
by Scaturro et al., it was found that the combination
of physical exercises with L-acetylcarnitine therapy
in patients with PCS can significantly improve the
quality of life and eliminate the manifestations of
depression [39]. We have previously shown the ability
of L-carnitine to correct psychological disorders that are
part of the clinical spectrum of PCS manifestations [40].

Study limitations

The limitations of this study include the lack of a
preliminary calculation of the sample size, due to the
limited number of children who have had laboratory-
confirmed COVID-19. In addition, a possible limitation
of this work is the lack of comparative analysis in
groups (depending on age), which is an independent
task and the subject of another publication.

CONCLUSION

The effectiveness of L-carnitine in correcting the
frequency and severity of the main manifestations of
PCS — vegetative, cardiovascular, psychoneurological
disorders and asthenic disorders in children,
adolescents and young adults has been demonstrated.
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