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Beta-adrenergic reactivity of erythrocyte membranes in adolescents
with supraventricular and ventricular arrhythmias before and after
radiofrequency ablation

Rebrova T.Yu., Perevoznikova Yu.E., Muslimova E.F., Svintsova L.l., Afanasiev S.A.,
Dzhaffarova O.Yu.

Cardiology Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences
111a, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

Aim. To evaluate f-adrenergic reactivity of erythrocyte membranes (f-ARM) in adolescents with ventricular and
supraventricular arrhythmias before and after radiofrequency ablation (RFA) of heart rhythm disturbances.

Materials and methods. The study included 49 adolescents aged 11-17 years, of which 15 had Wolff — Parkin-
son — White pattern (WPW), 13 — WPW syndrome, 10 — atrioventricular nodal reentry tachycardia (AVNRT), and
11 — ventricular arrhythmia (VA). The control group consisted of 11 adolescents without cardiovascular pathology.
All patients received surgical treatment for heart rthythm disturbances (HRD) using RFA. In patients with HRD,
B-ARM was determined by a set of reagents BETA-ARM AGAT (AGAT LLC, Russia) before RFA and 3 days
after it. In the control group, the parameter was determined at the stage of inclusion in the study.

Results. In adolescents with supraventricular arrhythmias, median values of B-ARM did not differ significantly
from the control group. RFA in adolescents in these groups did not affect the value of B-ARM on day 3 after
the surgery. In adolescents with VA, the median value of B-ARM was initially higher than in the control group
(» = 0.026). On day 3 after RFA, an increase in f-ARM was noted in this group (p = 0.028) compared to baseline
values.

Conclusion. Activation of the sympathetic nervous system plays a significant role in the pathogenesis of VA in
adolescence. The study showed the possibility of using B-ARM to assess the state of the sympathetic nervous
system in patients with methodological limitations in analyzing heart rate variability.

Keywords: radiofrequency ablation, heart rhythm disturbance, adolescents, B-adrenergic reactivity of erythrocyte
membranes
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AfApeHopeaKTUBHOCTb MeMOpaH 3pUTPOLUTOB Y NOAPOCTKOB
C CyNpPaBeHTPUKYIAPHbIMU 1 XKeNy[04YKOBbIMU apUTMUAMMN
A0 U nocsie pagnoyvyacTtoTHom abnayun

Pe6posa T.10., lNepeBo3HuukoBa l0.E., Mychnmosa 3.9., CBuHuyosa J1.U., Apanacbes C.A.,
Dxadpaposa O.10.

Hayuno-uccnedosamenvckuii uncmumym (HUHW) kapouonozuu, TomcKuti HAYUOHAIbHBIN UCCIE008AMENbCKULL
meduyunckuu yeump (HUMIL]) Poccuiickou akademuu HayK
Poccus, 634012, 2. Tomck, yn. Kuesckas, 111a

PE3IOME

Hean. OueHnts nokasaTens -apeHOpeaKTHBHOCTH MeMOpaH sputpounToB (B-APM) y moapocTkoB ¢ cyrnpaBeH-
TPUKYJISIPHBIMH U JKEITYOYKOBBIMH apUTMUSIMU JI0 U TIOCJIC BBIIOJIHEHHSI PAANOYaCTOTHON KOPPEKLUH HapyIIe-
HUS pUTMA.

Martepuannsl u MeToabl. B nccnenopanue BrimodeHo 49 mogpoctkos ot 11 mo 17 ner, u3 Hux 15 ¢ hpeHOMEHOM
Bomnbda — [Tapkunacona — Yaiira (BIIB), 13 ¢ curapomom BIIB, 10 ¢ aTprHoBeHTPHUKYISPHOH y37I0BOI PEIUITPOK-
HoU Taxukapauei u 11 ¢ sxemynoukoBoit aputmueii (JKA). ['pynmy KoHTpons coctaBmii 11 OAPOCTKOB, HE MMe-
IOMIUX TTaTOJIOTHHU CEPACYHO-COCYUCTOH CHCTeMBI. BceM marnuenTaM mpoBeIeHO ONepaTHBHOE JICUCHUE HapyIlle-
nus putma cepana (HPC) meronom paanovacrornoit abmanuu (PYA). [Tamenram ¢ HPC onpenenenne -APM
SPUTPOLUTOB ¢ UcToNb30BaHMeM Habopa peareHToB BETA-APM AI'AT (OOO «AI'AT», Poccust) BeITOMHSIH
nepen nposenerneM PUA u uepes 3 cyT mocie Hee. B KOHTpOIBHOI rpymIe mokasaTesb ONPEAeNsid Ha dTare
BKJTIOUEHUS B HCCIIEOBAHUE.

Pe3yabTaThl. Y MOIPOCTKOB B TPYMIAX € CYNPAaBEHTPHKYISAPHBIMUA apUTMHUSAME Mokas3arenu B-APM 3Haunmo He
OTJIMYANIUCE OT TPymITsl KOHTpos. [IpoBeaenne PUA y mogpoCTKOB 3TUX TPy HE MOBJIUSIIO HA BENUYHHY MOKa-
3arens B-APM spuTpounToB Ha 3-M CyT MOCIIE ONEPATHBHOTO BMEIIATENBCTBA. Y MOIPOCTKOB ¢ JKA mokaszaTenb
B-APM uncxomHo mpeBsIlIai 3Ha4eHue B rpymnme kontpons (p = 0,026). Ha 3-u cytku nocie PYA B sToii rpymme
oTMeueHo yBennuenue B-APM spurporuros (p = 0,028) 0THOCHTENEHO UCXOIHBIX 3HAYCHUH B TPYIIIIE.

3akiniouenue. AKTHBAIMS CUMITATHYECKOTO OT/IEIa BEr€TATUBHON HEPBHOM CUCTEMbI 3aHUMAET CYIIECTBEHHOE MECTO
B ITaTOTCHE3€ XKEIyJOUKOBBIX apUTMHIA B IIOJPOCTKOBOM BO3pacTe. BhIONHEHHOE HCCIe0BaHNE [10KA3aJI0 BO3MOXK-
HOCTB HCIIO0JIL30BaHUs ToKa3aTess f-APM spUTpOIMTOB ISl OLICHKH COCTOSTHUSI CUMITATUYECKOM HEPBHOM CHCTEMBI Y
KaTEerOpUH MAlMEHTOB ¢ METOAMYECKUMHU OTPaHMYCHUSIMU BBITTOJTHEHUS aHaIM3a BapruabeIbHOCTH CEPACYHOr0 pUTMA.

KuroueBble ciioBa: pagrodacToTHAS abIanus, HApyIIeHHEe PUTMA, TOJPOCTKH, -aApeHOPEeaKTUBHOCTh MEMOpaH
SPUTPOLUTOB

KOHq)JII/IKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'[I/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6JTI/IKaIIHeﬁ HaCTOﬂH_[ef/i CTaTbHU.

Hcroynuk puHancupoBanus. VcciaenoBanie mpoBeICHO B paMKax TeMbI (PYHIaMEHTAILHBIX HAYYHBIX HCCIIe-
nosanui Ne 122020300183-4.

CooTBeTcTBHE NPHHIMNIAM 3THKH. VHpOpMHUpOBaHHOE coriacue Ha BKIIOYEHHE peOCHKA B HCCICIOBAHHE
OBLTO MOATIMCAaHO poauTensaMH. [IpoTokon uccnegoBanus 0J0OPEH KOMUTETOM 110 OnoMeanuHcKoi sTke HU
kapauoioruu Tomckoro HUMIL (mporokon Ne 208 ot 20.01.2021).

Jns uutupoBanus: Pedposa T.1O., [Tepeosunkosa 0.E., Mycaumosa D.®D., Cunnosa JI.U., Apanacees C.A.,
Jixaddaposa O.I0. AnpeHOpeakTHBHOCTH MeMOpaH SPUTPOLUTOB Yy IMOJPOCTKOB C CYNPAaBEHTPUKYISIPHBI-
MH 1 JKeJyJOYKOBBIMH apUTMHUSIMH J0 W THOCIE PaJHoYacTOTHON abuanuu. broaremens cubupckou meouyumbl.
2024;23(3):83-90. https://doi.org/10.20538/1682-0363-2024-3-83-90.

INTRODUCTION population has been noted [1-3]. It may be caused, on
the one hand, by an improvement in the diagnosis and,
Heart rhythm disturbances (HRD) are some of the on the other hand, by long asymptomatic development

most common (60—70%) cardiovascular pathologies in of arrhythmia in children and untimely referral to
children and adolescents. In recent years, an increase in specialists. In children, several developmental periods
the total number of various types of HRD in pediatric are distinguished which are characterized by the
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highest risk of developing arrhythmia: the neonatal
period; 4-5 years of age; 7-8 years of age; 12-13
years of age [4, 5]. In adolescence, the most common
HRD is pacemaker migration (13.5%). Other forms
are much less common: bradycardia (3.5%), atrial
tachycardia (2.7%), extrasystole (1.9%), Wolff —
Parkinson — White (WPW) pattern and first-degree
atrioventricular block (AVB) (0.5% each), and long
QT interval (0.3%) [3].

The limited effect of existing drug therapy for
the control of supraventricular tachycardia (SVT)
in children and adolescents is recognized [6]. It is
noted that the impossibility of treating such HRDs
as WPW syndrome, atrioventricular nodal reentry
tachycardia (AVNRT), and ventricular arrhythmia
(VA) with drugs in school-age children can cause
the development of life-threatening arrhythmias,
arrhythmogenic cardiomyopathy, and even death
[7]. In these circumstances, radiofrequency ablation
(RFA) is becoming the method of choice in the
treatment of drug-refractory HRD in children [8].

A distinctive feature of the heart is an autonomic
nervous system (ANS). At the body level, it controls
interaction with the conducting system of the
heart [9]. In this regulation, special importance is
attributed to maintaining the balance between the
sympathetic and parasympathetic divisions of ANS,
as well as to the sensitivity of B -adrenergic receptors
[9]. The dominance of the sympathetic division
results in life-threatening HRDs and is considered as
an independent risk factor for a lethal outcome [10].
This circumstance indicates the relevance of a timely
assessment of the sympathetic division of the ANS
in children with congenital heart disease (CHD),
including after treatment of these disorders by RFA.
A promising approach that allows for monitoring
of the state of the sympathetic division of the ANS,
including in the presence of life-threatening CHD,
is B-adrenergic reactivity of erythrocyte membranes
(B-ARM) [11, 12].

The aim of the study was to assess B-ARM in
adolescents with ventricular and supraventricular
arrhythmias before and after radiofrequency ablation
(RFA) of HRD.

MATERIALS AND METHODS

The study included 49 children aged 11-17 years.
VA was detected in 11 patients. WPW pattern was
detected in 15 patients, WPW syndrome and AVNRT

were detected in 13 and 10 patients, respectively.
All patients were receiving planned treatment at the
Department of Pediatric Cardiology of Cardiology
Research Institute of Tomsk NRMC. The control
group consisted of 11 age-matched children who did
not have cardiovascular pathology.

The study was carried out in compliance with
the ethical principles of the Declaration of Helsinki
(“Ethical principles of research involving humans” as
amended in 2000) and the Rules of Clinical Practice in
the Russian Federation approved by the Order of the
Healthcare Ministry of Russia No. 266 0f' 19.06.2003.
The study was approved by the Bioethics Committee
at Cardiology Research Institute of Tomsk NRMC
(Protocol No. 208 0of 20.01.2021).

The inclusion criteria were the following: absence
of congenital heart defect, presence of persistent
paroxysmal tachycardia, sustained tachycardia,
permanent tachycardia, frequent supraventricular
extrasystoles (SVE) accounting for more than 15%
of the total number of heartbeats per day, frequent
ventricular extrasystoles (VES) constituting more
than 15% of the total number of heartbeats per
day, absence of acute infections and exacerbations
of chronic diseases, absence of laboratory signs of
myocarditis, a signed informed consent.

The exclusion criteria were the presence of
congenital heart defects, acute infections and
exacerbations of chronic diseases, laboratory signs
of myocarditis and primary electrical heart diseases.
When determining the indications for RFA, national
guidelines and guidelines of the American and
European associations of arrhythmologists and
pediatric cardiologists were used [13, 14].

Upon admission, all patients underwent clinical
examinations, including taking a history and
complaints, an objective examination of a child,
12 lead electrocardiography (ECG), Holter ECG
monitoring (HM ECG), echocardiography (echo).
In groups of adolescents with arrhythmias, ECG,
HM ECG, and echo were repeated 3 days after RFA.
Based on the results of HM ECG, the following
parameters were assessed: maximum, minimum,
and daily average heart rate (HR) during the day, the
total number of SVE and VES.

Patients with HRD had their blood sampled
before RFA and 3 days after it to determine -ARM.
In the control group, blood samples were taken once
at the stage of inclusion in the study.
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Beta-ARM in the blood samples was determined
using the beta-ARM AGAT reagent kit (AGAT
LLC, Russia). The method is based on increasing
the osmotic stability of erythrocytes (inhibition of
hemolysis) in hypo-osmotic buffer in the presence
of the p-blocker 1-(1-isopropylamino)-3-(1-
naphtyloxy)-2-propanol hydrochloride.

The degree of hemolysis inhibition, expressed
as a percentage, was determined by the ratio of
the optical density of the supernatant in the sample
with the addition of the  -blocker to the incubation
medium (test sample) to the optical density of the
supernatant in the sample without the addition of
the B-blocker to the incubation medium (control
sample). Hemolysis inhibition percentage was
taken as conventional units (conv. units) of f-ARM.
The reference values were the B-ARM values
recommended by the manufacturer within the
range from 2 to 20 conv. units. At the same time,
the B-ARM values over 20 conv. units indicated an
increase in the degree of erythrocyte hemolysis and
a decrease in B-ARM following desensitization of
B-ARM in response to a persistent increase in the
activity of the sympathoadrenal system.

Statistical processing of the obtained data was
performed using the STATISTICA 10 software.
Qualitative variables were presented as absolute and
relative values n (%). The difference in frequencies
in independent groups of patients was determined
using the Pearson’s y2 test. Quantitative variables
were checked for normality of distribution using the
Shapiro — Wilk test. Quantitative data were presented
as the median and the interquartile range (Me [Q,;
0.]). Given non-normal distribution of quantitative
variables, the statistical significance of differences in
three or more independent groups was assessed using
the Kruskal — Wallis test. If statistically significant
differences between the groups were detected, the
post-hoc test was applied. Comparison of dependent
data in individual groups of diseases was performed
using the Wilcoxon test. The differences were
considered statistically significant at p < 0.05.

RESULTS

Table 1 presents the clinical and demographic
characteristics of the sample with account of
specific features of HRD. The formed groups had no
significant differences in age, gender, body weight,
and height. The history of HRD in all groups lasted

from 1 to 2 years. Processing the HM ECG results
revealed no significant differences in the daily
average, minimum, and maximum HR between
the studied groups of adolescents with HRD and
the controls. In patients with supraventricular
arrhythmia, single SVE and VES were recorded. For
patients with VA, the presence of a large number of
VES in the context of single SVE was noted.

Echo did not show any significant differences in
cardiac parameters between the patients with HRD
and healthy adolescents in left ventricular end-
diastolic volume (EDV), left ventricular ejection
fraction (LVEF), and left and right atrial volumes
(LAV, RAV).

The results obtained in determining B-ARM are
presented in Table 2. At the stage of inclusion in the
study, the adolescents appeared to have similar values
for the WPW pattern, WPW syndrome, and AVNRT
that did not differ significantly from the values in
the control group. In contrast, high baseline B-ARM
values were found in the group of adolescents with
VA. In this group of patients, f-ARM significantly
exceeded the value in the control group (p = 0.026).
in the meantime, no significant differences were
found between B-ARM values in the groups with
supraventricular arrhythmia and VA.

RFA in adolescents with WPW syndrome,
WPW pattern, and AVNRT had virtually no effect
on B-ARM on day 3 after the procedure (Table 2).
On the contrary, in the group of children with VA,
RFA resulted in an increase in -ARM. Therefore,
on day 3 after RFA, the parameter value increased
significantly (p = 0.028).

DISCUSSION

Emergence and development of HRD in children
and adolescents in most cases are not associated with
organic changes in the heart, which complicates the
determination of their etiology and pathogenesis.
The functioning of the cardiac conducting system
is regulated by ANS. The method for studying heart
rate variability which allows to assess the activity
of the sympathetic and parasympathetic divisions of
ANS is widely used in clinical practice. At the same
time, application of this method is limited in patients
with ventricular ectopic beats.

Currently, the presence of a-, Bl-, and [2-
adrenergic receptors on erythrocyte membranes has
been proven [15, 16].
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Table 1
Clinical and laboratory characteristics of patients
Groups of patients
WPW
Parameter AVNRT VA Controls
pattern | syndrome P
28
Total number of patients, n 10 11 11
15 13
Men, n (%) 11 (73.3) 8 (61.5) 2(20.0) 6(54.5) 6 (50.0) 0.200
Women, 1 (%) 4(26.7) 5(38.5) 8(80.0) 5(45.5) 6 (50.0) '
Age, years, Me[Q; O,] 13[10; 15] 14 [10; 14] 14.5[13; 15] 13 [11; 15] 14 [12; 16] 0.754
Body weight, kg, Me [Q; O,] 52 [38; 60] 51 [39; 60] 56 [40; 63] 54 [33;61] 58 [43; 71] 0.880
Height, cm, Me [O; O.] 164 [140; 172] | 165[149;172] | 160 [156;172] | 160 [144; 167] | 170 [151; 179] | 0.997
19.7 19.4 19.7 19.2 20.6
2 .
BMIL kg /m’, Me [Q,; O] [16.7;22.1] [16.6;20.3] [16.3; 23.0] [15.4;23.7] [17.9; 21.6] 0-991
Functional class (NYHA) I-1V, n (%) 1, 15 (100.0) I, 13 (100.0) 1,10 (100.0) I, 11 (100.0) - -
Age of HRD detection, years, Me [Q; O,] 12 [7; 13] 8[6; 12] 13[10; 15] 11[11;13] - 0.119
History of HRD, years, Me [Q; O.] 1[0; 2] 2[1;6] 1[0; 1.75] 1[1;2] - 0.875
Drugs taken, n (%) * 1 (6.66) 2 (15.38) 1 (10.00) 2 (18.18) - 0.815
HM ECG findings
Daily average HR, beats / min,Me [O; O,] 77 [75;90] 82 [69;87] 84 [75; 87] 81[75; 93] 74 [69; 81] 0.938
Minimum HR, beats / min, Me [Q; O.] 50 [48; 54] 50 [44; 54] 51 [47; 54] 51 [45; 54] 42 [40; 53] 0.564
Maximum HR, beats / min, Me [Q,; O,] 151 [147;165] 152 [140; 163] | 161 [153;165] | 158 [157;163] | 153[129;178] | 0.461
Total number of SVE at baseline single single single single - -
Total number of VES at baseline, . . . 18,395.0
Me[0: 0] single single single [12,066.0; - -
=3 36,871.0]

Deformation | Deformation due
Features of QRS morphology during HM due to perma- to permanent 3 B B 3
ECG nent / intermit- / intermittent

tent preexitation preexitation
ECG findings
77 [57; 89], 78 [62; 90], 79[69; 94], 75 [51; 96], 94167,99], | 0.816
0/ skk .

EDV, ml, %%, Me [0;; O] 103[96: 105] | 101[97:109] | 100 [94;104] | 104[91:115] | 103 [96: 109] | 0.847
LVEF (b), %,Me [Q; O] 65 [63; 67] 65 [63; 67] 63,5 [63; 65] 63 [62; 64] 66, [66; 68] | 0.375

33 [19; 38], 33 [25; 42], 37 [28; 41], 33 [21; 380], 38[22;39], | 0.943

0/ k% .

LAV, ml, %%, Me [Q,; O] 102 [96; 118] 101 [93; 102] 105 [99; 108] 99,1 [94; 109] 98 [93;106] | 0.457

30 [21; 34], 311[19;39], 34 [28; 40], 31[21; 40], 29 [19;41], | 0.949

0/ kk .

RAV, ml, %%, Me [Q; O] 105 [100; 117] | 103 [102; 117] | 112 [107; 119] 108 [95; 119] | 105 [103; 113] | 0.722

* drugs taken at the time of hospitalization, including the ones to treat the underlying disease; ** percentage from the individual predicted norm.

Table 2

Beta-ARM values in adolescents with VA and supraventricular arrhythmia before and after RFA, conv. units, Me [Q; O.]

Control group

Parameter (healthy children), WPWipattern, WPW sz'ndrome, AV}IRT’ YA’
_ n=15 n=13 n=10 n=11
n=11
13.1 17.6 [13.3; 22.6] 16.1[11.5; 18.2] 15.5[12.9;27.7] 19.01 [14.3;21.7]
p-ARM before RFA 8.8; 16.5] p,=0.192 p,=0.600 p,=0.465 p,=0.026
) B 18.6 [13.2;22.8] 16.2[9.7; 17.9] 14.6 [10.1; 30.8] 29.6[23.2;31.7]
p-ARM after RFA p,=0.886 p,=0.661 p,=1.000 p,=0.028

Note.

significance of differences in the value of the parameter in the group before and after RFA —p,
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This fact allows to think that B-ARM can reflect
B-adrenergic reactivity of the body as a whole. It
has been convincingly shown that an increase in the
contentof catecholamines inthe blood isaccompanied
by desensitization of f-adrenergic receptors and a
decrease in the response from regulated organs to
the stimulating effect of neurohormones [11, 17, 18].
The information value of B-ARM in the treatment of
HRD in adult patients is being studied [11, 12]. At
the same time, we have not found any works devoted
to the study of B-ARM in HRD in adolescents,
including after RFA.

At the time of inclusion in the study, the
formed groups were comparable in anthropometric
parameters, age of HRD detection, and duration
of HRD history. ECG parameters also did not
differ significantly between the groups. With the
considered duration of HRD history, the presence of
supraventricular arrhythmia was not accompanied
by a change in B-ARM compared to the controls.
In adolescents with VA, the B-ARM value was
significantly higher than in the control group.

Conducting RFA in groups of adolescents with
supraventricular arrhythmia did not lead to changes
in B-ARM. At the same time, surgical treatment of
VA was accompanied by a significant increase in
B-ARM on day 3 after surgery compared to baseline
values in the group. An increase in B-ARM indicates
desensitization of f-adrenergic reactivity in response
to an increased stimulating effect of ANS mediators.
The obtained results allow to consider the role of
the sympathetic nervous system in the etiology and
pathogenesis of VA and an increase in its functional
stress in the early postoperative period.

In children with supraventricular arrhythmia, the
morphofunctional arrhythmia substrate is presented
by anomalies in the embryonic development of
the cardiac conducting system. Therefore, the
emergence of an arrhythmogenic focus in the atria in
the first 6 months after birth may be associated with
its embryonic origin. At the same time, a number
of researchers note that it is possible to suppose an
association between rhythm disturbances and features
of postnatal development of the cardiac conducting
system even in the absence of obvious congenital
anomalies. [19]. Studying the electrophysiological
characteristics of the atrioventricular node and
accessory  pathways during transesophageal
electrocardiography and cardiac pacing in groups of

adolescents with WPW syndrome or pattern made it
possible to establish a high degree of vagotonia in
adolescents with WPW pattern [20]. This serves as
an indirect confirmation of the results of our study on
the absence of tension in the sympathetic division of
ANS and desensitization of B-ARM in adolescents
with supraventricular arrhythmias before and after
RFA.

CONCLUSION

For adolescents with VA, a significant increase
in B-ARM was revealed before RFA, which
indicates tension in the sympathetic division of
ANS. A significant increase in B-ARM in the early
postoperative period indicates a further increase in
the activity of the sympathetic division, which is
accompanied by further desensitization of B-ARM.
The sympathetic division of ANS plays an essential
role in the pathogenesis of VA in adolescents.

Supraventricular arrhythmias (WPW syndrome,
WPW  pattern, AVNRT) that developed in
adolescence were not accompanied by a significant
increase in f-ARM compared to the healthy controls.
RFA in this category of patients did not result in
significant changes in B-ARM.

The study showed the possibility of using f-ARM
to assess the state of the sympathetic nervous system
in patients with methodological limitations in the
analysis of heart rate variability.
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