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ABSTRACT

Hyperactivation of the sympathoadrenal system (SAS) leads to desensitization of f1-adrenergic receptors (31-AR).
This contributes to aggravation of myocardial contractile dysfunction and development of arrhythmias, including
atrial fibrillation (AF). An indirect indicator of the viability of B1-AR is B-adrenergic receptor reactivity of eryth-
rocyte membranes (-ARM).

Aim. To evaluate B-ARM in patients with different forms of AF, including left (LAD) or right (RAD) atrial dilation.

M aterialsand methods. The sample included 38 patients, 65.8% of whom had paroxysmal AF, 21% had persistent
AF, and 13.2% had long-standing persistent AF. All patients received surgical treatment for AF by radiofrequency
ablation or cryoablation. LAD was detected in 39.4% of patients, RAD — in 34.2% of patients. Beta-ARM was
determined before treatment, aswell as at 3 days and at 12 months after ablation.

Results. The groups of patients with different forms of AF, as well as patients with LAD / RAD and without it
showed comparable values of B-ARM at different measurement periods. In the group of patients without LAD /
RAD, B-ARM increased 3 days after ablation compared to B-ARM before the treatment (p = 0.002 / p = 0.004)
and returned to the pre-treatment level after 3 months. At the same time, in the group of patientswith LAD / RAD,
B-ARM did not significantly change before the ablation and in different periods after it.

Conclusion. In patients with AF without LAD / RAD, we detected an increase in f-ARM 3 days after the ablation
compared to the level before the treatment and a decrease in the intensity of SAS 3 months after the surgery. In the
presence of LAD / RAD, no changes in the f-ARM were revealed.
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PE3IOME

I'mnepaktuBanms cummnaroaapenanoBoil cucrteMsl (CAC) npuBoIMT K AeceHcHTH3anuu [1-agpeHoperenTopos
(B1-AP). D10 ciocoOCTBYeT yCyryOIeHHIO COKPATUTENbHON TUC(HYHKINK MHOKAp/a ¥ Pa3BUTHIO apUTMHI, B TOM
yucne Gudpmwisaiun npencepanii (OIT). KocsennbiM nokaszarenem cocrositensHocTy B1-AP sBisiercs B-anpeHo-
peaKkTHBHOCTb MeMOpaH 3puTpouuToB (B-APM).

Hens: ounenxa B-APM y mannenToB ¢ pasueiMu dopmamu OI1, B Tom umcne ¢ qunaranueit aesoro (JJIIT) wmm
npasoro (JI1IT) npencepaus.

MartepuaJjbl 1 MeToAbl. B BEIOOpKY BKIIOUEHBI 38 ManueHToB, n3 HUX 65,8% c mapokcusmansHOi, 21% c nep-
cucrupyromett, 13,2% c anurensHO nepcuctupytomei popmamu OII. Beem manueHTaM IpoBeIeHO ONIEPaTHBHOE
neuyenne OI1 metogoM pagnodactotHOH wan kpuoabnanuu. JJIIT sesBiena y 39,4% nanuentos, AT —y 34,2%
nanueHToB. B-APM onpeznensinu 1o edeHus, yepes 3 cyT, 3 u 12 mec nocne abnanuu.

Pe3yasTatsl. ['pymnmst nanuentos ¢ pasubiMu popmamu DI, a Taxke nauuentst ¢ JJIIT/IIII u 6e3 Hee nokaszanu
cornoctaBuMble 3HaueHus1 B-APM Ha pa3Hbix cpokax u3Mepenus. B rpynmne 6e3 JJIIT/ATII B-APM noBsimanacsk
uepes 3 ¢yt mociie abnanuu 1o cpasHeHuo ¢ f-APM o neuenus (p = 0,002/p = 0,004) u uepes 3 Mec BepHYJI1ach
K YPOBHIO JI0 jieueHus. B To sxe Bpems B rpymne nauuentos ¢ JJIIT/ATIIT B-APM 3naunmo He MeHsu1ach 0 U B
pa3HbIe EPHO/IBI TTOCTIE a0Ialuy.

3axaouenne. Y nanuentos ¢ OIT 6e3 JJITT/AIII BesBieno nossimenue B-APM depes 3 cyt nocie abnannu mo
CPaBHEHHIO C YPOBHEM JI0 JIeueHUs U cHwkeHue HampsokeHHocTH CAC uepes 3 mec. lpu Hammanu JJITT/JITITT
nuHamuKa B B-APM orcyrcTBOBaNA.

KioueBble cioBa: B-aqpeHOPEaKTHBHOCTE MEMOpaH SPUTPOLUUTOB, (HOPWILIALUS TPENCepAni, TUIaTaIMs
npencepauit

KoHduuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBHUE SBHBIX M IOTCHINAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

Hcrounuk ¢punancuposanus. Pabora BrimosnHeHa B pamkax TemMsl @HU Ne 122020300183-4.

CooTBeTCTBHE NMPUHIMIAM 3THKH. Bce yYacTHHKM HCCIIENOBaHHS MOJMUCand MHGOPMUPOBaHHOE T06pO-
BoOJIbHOE cornacue. MccnenoBannue 0100peHo JIOKaIbHbIM 3THYecKMM KomuTetoM HUU kapauonorun ToMckoro
HUML] (mmpotoxon Ne 208 ot 20.01.2021).

Jsi murupoBanus: Mycimmosa D.@ ., [Toosa B.O., Pedposa T.1O., ApuakoB E.A., baranos P.E., Adpanacres C.A.
B-anpeHopeakTHBHOCT, MEMOpaH SPUTPOLUTOB y MALMEHTOB C JMiIaTaldedl JIEBOTO WM IIPaBOTO Ipecep-
il Ha (oHe GuOpWLIALME Tpeacepauit. Brotemens cubupckot meduyunst. 2023;22(3):61-67. https://doi.
0rg/10.20538/1682-0363-2023-3-61-67.

INTRODUCTION complications, lead to a decline in the quality of life,
disability, and high mortality [1]. Currently, atrial

Cardiac rhythm disturbances are some of the most fibrillation (AF) is one of the most common cardiac
common problemsin cardiol ogy practice. Arrhythmias rhythm disturbances. Patients with AF experience
are associated with an increased risk of cardiovascular an observable decline in the quality of life, exercise
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tolerance; at the sametime, |eft ventricul ar dysfunction
appears and / or progresses with the development of
heart failure in patients with AF [2].

It is known that the development of cardiovascular
diseases, including cardiac rhythm disturbances, is
accompanied by a persistent increase in the activity
of the sympathoadrenal system (SAS). The level of
catecholamines (adrenaline and norepinephrine)
increases in the blood and myocardium, and it can
affect the number and functional state of f1-adrenergic
receptors (B1-AR) in cardiomyocytes [3].

Hyperactivation of the SAS leads to desensitization
of B1-AR and a decrease in the number of receptors on
the membrane of cardiomyocytes, which contributes to
aggravation of myocardial contractile dysfunction [4].
This, inturn, canlead to afurther increasein sympathetic
activation, thereby forming a vicious cycle [5].

Evaluation of the functionality of f1-AR and the
SAS activity is important for predicting the severity
of the course of cardiovascular diseases, including
cardiac rhythm disturbances. In particular, based on
this approach, a method for predicting ventricular
tachycardia in patients with coronary heart disease
has been developed [6]. The B-adrenergic receptor
reactivity of erythrocyte membranes (f-ARM) is an
indirect indicator of the SAS activity. It is determined
by the distribution density of f-AR on cell membranes,
the degree of their affinity with plasma catecholamines,
and the concentration of catecholamines. The method
for evaluating B-ARM is based on studying the effect
of various adrenergic agents on osmotic resistance of
erythrocytes. A B-blocker, which binds to B-AR of the
cell membrane and reduces the degree of hemolysis,
is used [4].

Thus, the aim of this study was to evaluate -ARM
in patients with different types of AF, including those
with left or right atrial dilation.

MATERIALS AND METHODS

The study sample included 38 patients (25 (65.8%)
men and 13 (34.2%) women) admitted to the Department
of Cardiac Pacing and Heart Arrhythmia Surgical
Treatment of Cardiology Research Institute, Tomsk
National Research Medical Center (NRMC) of the
Russian Academy of Sciences. The age in the sample
was49 (26; 77) years. All clinical and laboratory studies
were conducted in accordance with the ethical standards
of the Biomedical Ethics Committee and the 1964
Declaration of Helsinki and its subsequent amendments.

All patients were diagnosed with atrial fibrillation
(AF) based on the results of ECG and daily monitoring

[7]. All patients underwent surgical treatment for AF
using radiofrequency ablation (RFA) or cryoballoon
ablation (CBA) according to the generally accepted
method. The intervention included pulmonary vein
antrum isolation with a circular electrode and a
complete block of atrio—venouselectrical conduction.

The clinica characteristics of the patients are
presented in Table 1. Before surgical treatment of AF,
the patients underwent an echocardiography during
the examination. Echocardiography was performed
using a Philips HD15 device (Netherlands) from
standard positions with an evaluation of the size of the
heart chambers and the left ventricular (LV) gection
fraction using the Simpson method. Some patients, in
addition to AF, had other cardiac rhythm disturbances:
3 (7.9%) patients — ventricular extrasystole, 1 (2.6%)
patient — supraventricular extrasystole, 2 (5.3%)
patients — first-degree atrioventricular block.

Table 1

Clinical characteristics of patients, n (%)
Parameter Value
Paroxysmal/persi stent/long-standing

persistent AF, 1 (%) 25(65.8)/8(21) /5(13.2)
RFA / CBA, 1 (%) 31(81.6) /7 (18.4)

AF rhythm at admission, n (%) 18 (47.4)

Chronic heart failure, NYHA class

L, 7 (%) 11(28.9)/3(7.9)/3(7.9)
Coronary heart disease, n (%) 7(18.4)

Essential hypertension, n (%) 22 (57.9)

Diabetes mellitus, n (%) 1(2.6)

Obesity, n (%) 13(34.2)
Left ventricular gjection fraction, %,

65.5 (59.0; 69.0
Me (Q-0) ( )
End-systolic volume, ml, Me (Q—Q.) 34 (29; 46)
End-diastolic volume, ml, Me (Q—Q,) 104 (89; 119)
Left ventricular sphericity index,

0.54 (0.51; 0.56
Me (Q-Q) ( )
Left atrial dilation, n (%) 15(39.4)
Right atrial dilation, n (%) 13(34.2)
Left ventricular dilation, n (%) 3(7.9)

Note: FC — functional class.

In order to determine B-ARM, venous blood
samples were taken from patients in a vacutainer with
EDTA before ablation and 3 days, 3 months, and
12 months after it. We used the commercial kit
“B-ARM-Agat” (Agat-Med LLC, Russia) in
accordance with the manufacturer’s protocol. The
method is based on the fact that the hemolysis of
erythrocytes placed in a hypoosmotic medium is
inhibited in the presence of a B-blocker. The value
of B-ARM was calculated using the formula: (Eol +
Eo2)/(Ek1 + Ek2) x 100%, where -ARM is the value
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of the adrenergic receptor reactivity; Eol and Eo2 are
optical densities of experimental samples; Ek1 and
Ek2 are optical densities of control samples.

Statistical analysiswas carried out using the SPSS,
version 13 software (IBM, USA). Quantitative data
were previously checked for normality of distribution
using the Shapiro — Wilk test. Further analysis of
guantitative variableswas performed using the Mann—
Whitney test or the Kruskal —Wallistest. Theanalysis
of dependent data was performed using the Wilcoxon
test. The results were presented as the median and the
interquartile range Me (Q,—Q,). The strength of the
linear relationship between quantitative parameters
was assessed using the Spearman’s rank correlation
coefficient ». The relationship between qualitative
data was determined using the Pearson’s y2 test or the
two-tailed Fisher’s exact test. The differences were
statistically significant at p < 0.05.

70— p=0.465

RESULTS

The changes in B-ARM were evaluated before
ablation in 37 patients, 3 days after ablation — in 35
patients, 3 months after ablation —in 17 patients, and
12 months after ablation — in 4 patients. Beta-ARM
was 19.7% (12.9; 27.5), 24.1% (15.1; 32.1), 20.3%
(9.3; 29.3), and 32.5% (20.0; 43.2), respectively.
There was a slight B-ARM increase 3 days after
ablation compared to B-ARM before the treatment
(Figure), but the significance level was p = 0.060.
After 3 months, the B-ARM value was similar to the
level before ablation (p = 0.758). After 12 months, the
level of B-ARM increased by 1.5 times compared to
the value before the treatment, however, due to the
small sample of patients at this point, the differences
did not show statistical significance (p = 0.465). We
did not include the 12-month point in the further
analysis due to asmall sample size.

p=0.758
i —
p=0.060

0= |

40—

30—

p=0352

1 p=0465

!

T T
B-ARM before B-ARM 3 days
ablation, %

after ablation, %

T

T
B-ARM 3 months  B-ARM 12 months
after ablation, %

after ablation, %

Figure. Changes in B-ARM before and after ablation

In the study sample, a direct linear correlation
was found between B-ARM before ablation and end-
systolic volume (r = 0.331, p = 0.046), as well as | eft
ventricular sphericity index (» = 0.436, p = 0.007).
However, there was no significant linear relationship
between B-ARM before ablation and left ventricular
gjection fraction (LVEF) in patients with AF
(r=-0.169, p = 0.316).

Beta-ARM before ablation, 3 days and 3 months
after ablation was comparable between the groups
of patients with different types of AF. In addition,
B-ARM did not change significantly after ablation
compared to the point before therapy in groups with
different types of AF. Patients with persistent and
long-standing persistent AF compared to patients

with paroxysmal AF showed an expected decrease in
LVEF and an increase in end-systolic volume (ESV)
and end-diastolic volume (EDV). The results are
presented in Table 2.

In the studied sample, left atrium dilation (LAD)
wasdetectedin 5 (20%) of 25 patientswith paroxysmal
AF, in 6 (75%) of 8 patients with persistent AF, and in
4 (80%) of 5 patients with long-standing persistent AF
(p =0.003). Patientswith LAD had higher ESV, EDV,
and LVSI (Table 3).

There were no significant differences in B-ARM
both before ablation and at different periods after
the treatment between the groups of patients with
and without LAD (Table 3). In the group without
LAD, a significant increase in B-ARM was detected
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3 days after ablation compared to B-ARM before the
treatment (p = 0.002), and 3 months after ablation,
B-ARM was similar to the level before the treatment

(p =0.678). Atthe sametime, inthe group of patients
with LAD, B-ARM did not change significantly before
and in different periods after ablation.

Table 2

Echocardiography parameters and B-adrenergic receptor reactivity of erythrocyte membranes in patients with different types of atrial

fibrillation, Me (Q,; Q.)

Parameter Paroxysmal AF Persistent AF Long-standing persistent AF p
LVEEF, % 67 (64; 70) 64 (47, 67) 62 (44; 63) 0.045
ESV, ml 32 (27; 38) 38 (31; 71) 48 (46; 76) 0.007
EDV, ml 96 (86; 108) 112 (96; 127) 126 (121; 131) 0.007
LV Sl 0.54 (0.52; 0.56) 0.57 (0.52; 0.59) 0.56 (0.56; 0.58) 0.394
B-ARM before ablation, % 24.1 (14.2; 27.5) 15.1 (11.0; 26.3) 17.1(16.2; 17.8) 0.476
B-ARM 3 days after ablation, % 24.6 (17.4; 36.6) 16.0 (11.3; 31.5) 21.6 (15.1; 23.3) 0.438
B-ARM 3 months after ablation, % 18.9 (8.5; 26.7) 21.3(15.1; 40.9) 26.1(11.9; 40.4) 0.664

Note: LVSI —left ventricular sphericity index.

Table 3

Echocardiography parameters and B-adrenergic receptor reactivity of erythrocyte

membranes during left atrial dilation, Me (Q,; Q,)

Parameter With LA dilation Without LA dilation P
LVEF, % 64 (47; 67) 67 (64; 70) 0.064
ESV, ml 39 (32; 77) 32 (28; 38) 0.024
EDV, ml 118 (97; 140) 98 (86; 112) 0.013
LVSI 0.57 (0.55; 0.60) 0.54 (0.52; 0.56) 0.048
B-ARM before ablation, % 18.7 (15.7; 33.0) 17.2 (12.0; 24.6) 0.171
B-ARM 3 days after ablation, % 20.8 (13.5; 32.1) 24.4 (16.7; 33.8) 0.474
B-ARM 3 months after ablation, % 21.3(10.9; 34.0) 18.9 (8.8; 25.8) 0.606

Among all patients included in the study, right
atrium dilation (RAD) was detected in 5 (20%)
patients with paroxysmal AF, in 4 (50%) patients
with persistent AF, and in 4 (80%) patients with long-
standing persistent AF (p = 0.020). Patients with
RAD had lower LVEF, higher ESV, EDV, and LVSI
(Table 4). Also, B-ARM before ablation was 1.4 times
higher in the patients with RAD than in those without
dilation before ablation, but the difference did not

reach statistical significance (p = 0.07). With RAD,
B-ARM values remained at the same level both before
ablation and after therapy at different times.

At the same time, in the group without RAD, a
statistically significant increase in B-ARM at 3-days
point was detected compared to B-ARM before
ablation (p = 0.004), and then a return of B-ARM to
the pre-ablation level after 3 months was noted (p =
0.959).

Table 4
Echocardiography parameters and B-adrenergic receptor reactivity of erythrocyte membranes during RA dilation
Parameter With RA dilation Without RA dilation p

LVEEF, % 62 (46; 66) 67 (64; 70) 0.030
ESV, ml 46 (31; 77) 32 (28; 38) 0.022
EDV, ml 121 (96; 145) 98 (86; 109) 0.018
LVS 0.57 (0.56; 0.60) 0.54 (0.51; 0.56) 0.012
B-ARM before ablation, % 23.6 (15.9; 36.1) 17.2 (12.0; 24.6) 0.070
B-ARM 3 days after ablation, % 22.9(14.3;37.1) 23.8 (15.6; 30.9) 0.945
B-ARM 3 months after ablation, % 22.4(10.9; 34.0) 19.6 (8.8; 25.8) 0.601

DISCUSSION

It iswell known that SAS hyperactivation is arisk
factor for cardiac rhythm disturbances. Elevated levels
of catecholamines stimulate f1-AR of cardiomyocytes,

which leads to activation of adenylate cyclase, an
increase in the content of intracellular cAMP, and
activation of protein kinase A. Hyperphosphorylation
of ryanodine receptors promotes |eakage of Ca?* from

Bulletin of Siberian Medicine. 2023; 22 (3): 61-67 65



Muslimova E.F., Popova V.O., Rebrova T.Y. et al.

Beta-adrenergic receptor reactivity of erythrocyte membranes in patients with

the sarcoplasmic reticulum, resulting in a decrease in
the cardiac contractile function and an increased risk
of arrhythmia [8].

Hyperactivationof theSA Sal sol eadstopathol ogical
remodeling of B-AR. There is a dissociation of the
receptor from G-proteins and a decrease in the density
of receptors on the cell membrane up to cessation
of receptor synthesis, which leads to progression of
myocardial contractile dysfunction. Anincreased |oad
on the left ventricle inevitably leads to an increase
in pressure and overload of the atria, causing their
subsequent dilation [3, 5].

Beta-ARM makes it possible to indirectly
evaluate the functional state of f-AR. In most healthy
individuals, this parameter is within the range of
2.0-20.0%, which indicates an increase in the osmotic
resistance of erythrocytes as a result of blocking -AR
with an adrenergic blocker. An increase in f-ARM
indicates receptor desensitization [4].

In our sample of patients with AF, B-ARM did
not exceed the conditional norm before ablation.
On day 3 after ablation, a slight increase in B-ARM
values was observed compared to the level before
ablation (although the significance level was not
reached), which can be regarded as a response of
the SAS to surgical intervention. After 3 months,
B-ARM returned to the values before ablation.
It can be assumed that, in general, there was no
significant desensitization of B-AR in the study
sample. However, in the studied sample, a direct
linear correlation was found between f-ARM before
ablation and ESV, as well as LVSI. In the group of
patients with a long-standing persistent AF, the ESV
values exceeded the limits of the reference values
(> 43 ml / m?) [9], which, together with an increase in
B-ARM, indicates a deterioration in the LV systolic
function.

It has been shown that the values of B-ARM
significantly exceed the limits of the conditional
norm in patients with myocardial infarction (46.8%),
and the valuesturned out to be even higher in patients
with advanced heart failure (58.8%) [10]. However,
in the case of cardiac rhythm disturbances, lower
levels of B-ARM also cannot be considered as an
absolutely favorable indicator. Beta-ARM less than
51.26% and lower in patients with coronary heart
disease is an independent predictor of ventricular
tachycardia [6].

In our sample of patients with AF, the values of
B-ARM in groups with different types of AF were
comparable before ablation, as well as 3 days and

3 months after ablation. In addition, there were no
significant changes in B-ARM in each group of
patients with different types of AF.

At the same time, patients with persistent and
long-standing persistent AF had reduced LVEF and
higher ESV and EDV compared to these parameters
in patients with paroxysmal AF, which indicates a
deterioration in the LV systolic function. In addition,
the group of patients with paroxysmal AF had the
lowest prevalence of LAD and RAD.

It is well known that atrial dilation can create
a substrate for electrophysiological myocardial
remodeling, which, together with progressive
structural remodeling, forms the basis for the onset of
AF. The presence of this rhythm disturbance, in turn,
contributes to further atrial remodeling [11].

In the studied sample, in groups of patients without
atrial dilation, an increase in B-ARM above the
conditional norm was detected 3 days after ablation.
This can be explained by the normal response of the
SAS to stress. After 3 months, the level of f-ARM
again returned to the level before ablation, while not
exceeding the limits of the conditional norm, which
makes it possible to assess the restoration of the
functional activity of B-AR.

However, in groups of patients with LAD / RAD,
B-ARM values remained at the same level both before
ablation and after the therapy at different times,
while the values were at the upper limit or above
the conditional norm. According to the feedback
mechanism, which accounts for desensitization, the
smaller the number of receptors on cell membranes,
the higher the level of catecholamines in the blood
[4]. The values of B-ARM in patients with atrial
dilation may be due to increased activity of the SAS
and indicate protective desensitization that maintains
myocardial contractile reserve within the conditions
of its structural changes.

Thus, the evaluation of the functioning of Pl1-
AR and the SAS activity is of great importance for
predicting the severity of the course of cardiovascular
diseases.

CONCLUSION

Thus, higher values of B-ARM before ablation
directly correlated with higher values of ESV and
LVSI, which indicates a deterioration in LV systolic
function. However, there was no correlation between
B-ARM before ablation and LVEF. Patients with
different types of AF had comparable levels of B-ARM.
Patients with AF without left / right atrial dilation
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showed an increase in B-ARM 3 days after ablation
compared to the level of B-ARM before the treatment
and a decrease in SAS tension after 3 months. In the
presence of left / right atrial dilation in patients with
AF, there were no changes in f-ARM.
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