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ENTROPY OF FREQUENCY DOMAIN OF HEART RATE
VARIABILITY
Martynenko 0.* 8P EF Raimondi G.A & F, Barsi L.5F, Maliarova L. F

A — research concept and design; B — collection and/or assembly of data; C — data analysis and
interpretation; D — writing the article; E — critical revision of the article; F — final approval of the article

Introduction. The heart rate variability (HRV) is based on measuring (time) intervals between R-peaks
(of RR-intervals) of an electrocardiogram (ECG) and plotting a rhythmogram on their basis with its
subsequent analysis by various mathematical methods which are classified as Time-Domain (TD), Frequency-
Domain (FD) and Nonlinear [1, 2]. There are a number of popular Nonlinear methods used in HRV analysis,
such as entropy-based measures that mostly applied for TD. Spectral Entropy (SE) is using for Frequency-
Domain: it is defined to be the Shannon entropy of the power spectral density (PSD) of the data. An important
characteristic of Frequency-Domain studies is sympatho-vagal balance, which has been overlooked by
entropy-based analysis. This is due to the fact that good entropy analysis restricted the number of existing
HRYV data, which is shrinking in FD and also in total spectrum parts.

Aim of the research. The goal of this paper is to provide a reliable formula for calculating entropy
accurately for Frequency-domain of standard 5-min. HRV records and to show the advantages of such
approach for analyzing of sympatho-vagal balance for healthy subjects (NSR), Congestive Heart Failure
(CHF) and Atrial Fibrillation (AF) patients.

Materials and Methods. We used MIT-BIH long-term HRV records for Normal Sinus Rhythm (NSR),
Congestive Heart Failure (CHF) and Atrial Fibrillation (AF).

The generalized form of the Robust Entropy Estimator (EnRE) for Frequency-domain of standard 5-min.
HRYV records was proposed and the key EnRE futures was shown.

The difference between means of the two independent selections (NSR and CHF, before and after AF) has
been determined by a t-test for independent samples; discriminant analysis and statistical calculations have
been done by using the statistical package IBM SPSS 27.

The results of the study. We calculate entropy for all valuable for HRV spectral interval, namely 0—
0.4 Hz and to compare with existing results for Spectral Entropy: qualitatively we receive the same
distribution number as [14] and significant difference (p <0.001) between entropy averages for NSR and
CHF or AF patients.

We define low-frequencies (LF) power spectrum components in the range of 0.04-0.15 Hz and high-
frequencies (HF) power spectrum components in the range of 0.15-0.4 Hz [1]. The sympatho-vagal balance is
a simple ratio LF/HF [1]. Then, we define an entropy eLF of the LF power spectrum components, an entropy
eHF of the HF power spectrum components and entropy based sympatho-vagal balance as a ratio eLF/eHF.

The difference between NSR and CHF groups are significant in both cases LF/HF and eLF/eHF with
p <0.001, but in case of eLF/eHF the results are quite better (t =-4.8, compared to LF/HF where t = -4.4).
The discriminant analysis shows total classification accuracy for eLF/eHF in 79.3 % (x* =19.4, p <0.001)
and for LF/HF in 72.4 % (y* = 16.6, p < 0.001).

We applied entropy-based Frequencies-domain analyzing for AF patients and showed that ratio eLF/eHF
is significantly higher during AF than before AF (p <0.001). This is opposite to ordinary LF/HF where
difference is insignificant due to high variation of this ratio.

Conclusion. Proposed in the article is generalized form for Robust Entropy Estimator EnRE for
Frequencies-domain, which allows, for time series of a limited length (standard 5-min. records), to find
entropy value of HRV power spectrum (total spectrum, low- and high- frequencies bands).

Using the proposed EnRE for MIT-BIH database of HRV records, we show for standard 5 min. HRV
records the usage of EnRE of HRV power spectrum and entropy-based sympatho-vagal balance of Normal
Sinus Rhythm (NSR) and Congestive Heart Failure (CHF) cases. It is demonstrated, that, entropy-based
Frequencies-domain analyzing is applicable for case of Atrial Fibrillation (AF) even during AF episodes. We
showed the significant difference (p < 0.001) before and during AF for entropy of total spectrum, as well as
for sympatho-vagal balance in form of eLF/eHF.

KEY WORDS: hearth rate variability, entropy, frequency-domain, congestive heart failure, atrial
fibrillation

© Martynenko O., Raimondi G., Barsi L.,
Maliarova L., 2022
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INTRODUCTION

The heart rate variability (HRV) is based
on measuring (time) intervals between R-
peaks (of RR-intervals) of an electrocardio-
gram (ECG) and plotting a rhythmogram on
their basis with its subsequent analysis by
various mathematical methods that are
classified as Time-Domain (TD), Frequency-
Domain (FD) and Nonlinear [1, 2]. There are
a number of popular Nonlinear methods used
in HRV analysis, such as entropy-based
measures, like approximate entropy (ApEn)
[3] and sample entropy (SampEn) [4].
SampEn is regarded as a modified version of
ApEn, intended to solve such shortcomings as
bias and relative inconsistency [4]. However,
the traditional SampEn method is single-scale
based and, therefore, fails to account for the
multiple  time  scales  inherent  in
cardiovascular systems [5-7]. Multiscale
entropy (MSE) method was proposed in [7]
and received much attention in the
biomedical and mechanical fields [8-10].
Further MSE developing was transformed to
multiscale multivariate entropy analysis [8,
10-13]. These entropy-based measures are all
applied to original RRs, — that is mean their
implementation for Time-Domain. Other
hand the Spectral Entropy (SE) is using for
Frequency-Domain: it is defined to be the
Shannon entropy of the power spectral
density (PSD) of the data. In article [14] the
SE were estimated for healthy, thyroid and
depression subjects, as well as for patients
with Congestive Heart Failure (CHF) and
Atrial Fibrillation (AF). It was shown the
significant different of SE for all categories
and ordered to increase of SE are: depression,
thyroid, CHF, AF and healthy subjects. An
important  characteristic of  Frequency-

Domain studies is sympatho-vagal balance,
which has been overlooked by entropy-based
analysis. The reason for this was that good
entropy analysis restricted the number of
existing HRV data, which is shrinking in FD
and also in total spectrum parts.

Prevalence of the effective methodology
of entropy analysis of FD for standard 5-min
HRV records is suppressed by unsatisfactory
accuracy of available methods in case of short
records as we shown in [15]. Therefore, it
appears there is a necessity for building a
robust formula for calculating entropy for
each part of spectrum in Frequency-Domain
with required accuracy for a limited series of
RR-intervals observed in a standard 5-minute
HRV record.

MATERIALS AND METHODS

We used long-term HRV records by
Massachusetts Institute of Technology -
Boston’s Beth Israel Hospital (MIT-BIH)
from [16] (http://www.physionet.org), a free-
access, on-line archive of physiological
signals. Normal Sinus Rhythm (NSR) RR
Interval Database includes beat annotation
files for 54 long-term ECG recordings of
subjects in normal sinus rhythm (30 men,
aged 28.5 to 76, and 24 women, aged 58 to
73). Congestive Heart Failure (CHF) RR
Interval Database includes beat annotation
files for 29 long-term ECG recordings of
subjects aged 34 to 79, with congestive heart
failure (NYHA classes I, Il, and I11). Subjects
include 8 men and 2 women; gender of the
remaining 21 subjects is not known. The
original electrocardiography (ECG) signals
for both NSR and CHF RR interval databases
were digitized at 128 Hz, and the beat
annotations were obtained by automated
analysis with manual review and correction.


https://orcid.org/0000-0002-0609-2220
mailto:l.v.maliarova@karazin.ua

The Journal of V.N. Karazin Kharkiv National University. 2022

The MIT-BIH Atrial Fibrillation (AF)
Database [17] was used for our entropy-based
analyzing with long and short RR’s subsets.
This database includes 25 long-term ECG
recordings of human subjects with atrial
fibrillation ~ (mostly  paroxysmal). The
individual recordings are each 10 hours in
duration, and contain two ECG signals each
sampled at 250 samples per second with 12-
bit resolution over a range of = 10 millivolts.
The original analog recordings were made at
Boston’s Beth Israel Hospital (now the Beth
Israel Deaconess Medical Center) using
ambulatory ECG recorders with a typical
recording bandwidth of approximately 0.1 Hz
to 40 Hz.

A generalized form of the Robust Entropy
Estimator (EnRE) for time series was
proposed in [15] and adopted for power
spectral density (PSD) of RR now:

_glg—mp 7k

ENRE = In (ﬁ ?:127:1<—(|Bl iﬂ'ﬁf)’mZDD ))

where MD is median of the sequence for B
value of PSD; D;;- distance between
B;and B;; A, I, m, k — estimated coefficients.
Search conditions for coefficients A, I, m, k is
the following:

1/ accurate approximation for known
distributions of a random value;

2/ independence of EnRE from N for
initial time series and for series after sorting;

3/ independence of EnRE from additive
changes of mean.

After numerical researches the following
coefficient values had been found: I =3, m =
1, k=2

The difference between means of the two
independent selections (NSR and CHF,
before and after AF) has been determined by
a t-test for independent samples; discriminant
analysis and statistical calculations have
been done by using the statistical package
IBM SPSS 27.

RESULTS AND DISCUSSION

First of all, let us calculate entropy for all
valuable for HRV spectral interval, namely
0-0.4Hz. That is give us possibility to
compare with existing results for Spectral
Entropy: qualitatively we receive the same
distribution number as [14] and significant
difference (p <0.001) between entropy
averages for NSR and CHF or AF patients.
Quantitatively our result is not exactly the
same to [14] because we used different
entropy measures: SE is based on Shannon
entropy and EnRE approximated the entropy
of distribution or differential entropy.

Table 1
Entropy of all spectral interval of HRV
Entropy Healthy (NSR) CHF AF
EnRE 177+ 04" 1.13+0.62 1.36 £ 0.09
SE [14] 1.95 0.85 1.15

According to [1] we define low-
frequencies (LF) power spectrum components
in the range of 0.04-0.15Hz and high-
frequencies (HF) power spectrum compo-
nents in the range of 0.15-0.4 Hz. The
sympatho-vagal balance is a simple ratio
LF/HF [1]. We calculate an entropy of LF
power spectrum components as eLF, entropy
of HF power spectrum components as eHF
and entropy based sympatho-vagal balance as
a ratio eLF/eHF.

Many authors emphasize the importance
of sympatho-vagal balance measures, but
statistical significance makes it difficult to
estimate the effects in CHF patients: for
example, in [18] showed that LF/HF is
significantly lower for CHF patients compare
with healthy subjects, but in compare with
[19], where difference in LF/HF between
CHF and NSR groups is insignificant due to
p=0.175. The results of calculations of
LF/HF and eLF/eHF for CHF and NSR
groups are shown on the Fig. 1.
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Fig. 1. Box & Whiskers plots of LF/HF and eLF/eHF for NSR and CHF groups

The difference between groups are
significant in both cases LF/HF and eLF/eHF
with p <0.001, but in case of eLF/eHF it is
something better with t =-4.8 in compare to
LF/HF where is t=-4.4. The discriminant
analysis shows total classification accuracy
for eLF/eHF in 79.3% (y*=19.4, p<0.001)

More interesting is applying such entropy-
based Frequencies-domain analyzing for AF
patients. There is an opinion that FD analysis
is unsuitable for AF and this is true in case of
LF/HF, because no significant difference
before and during AF due to high variation of
this ratio (see Fig. 2). The entropy-based ratio

and for LF/HF in 724% (x*=16.6, eLLF/eHF is suitable much better for this case,
p <0.001). — the eLF/eHF is significantly higher during
AF than before AF (p < 0.001).
LF/HF elF/eHF

3.5

25

1.5

05

———

M before AF M during AF

11
1.05

035 +
09
0.85
0.8
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Fig. 2. Box & Whiskers plots of LF/HF and eLF/eHF for AF patents (before and during AF episodes)
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Fig. 3. Typical pattern of entropy of HRV power spectrum before and during atrial fibrillation

episode (MIT-BIH AF Database [16]).

The Fig.3. shows typical pattern of
entropy of HRV power spectrum evolution
before and during atrial fibrillation episode:
each epoch on the Fig. 3. consists of short
RRs records (N = 500); epoch with # 0’ is
the beginning of AF according to MIT-BIH
reference rhythm annotations. Entropy of
power spectrum does not have significant
difference from mean record value under
Normal rhythm intervals except 4-5 epochs
before and after AF episodes: entropy begin
significantly growth for about 20 minutes (or
4-5 epoch by N =500 RRs) before AF and
excides new maximal baseline during AF.
The new baseline level is significantly
different from previous one — before AF
(p <0.001).

Therefore, proposed generalized form for
Robust Entropy Estimator EnRE for HRV
power spectrum shows significant differences
(p<0.001) of total spectrum entropy and
entropy-based sympatho-vagal balance for
NSR and CHF groups in short records (N =
500), and presents additional advantages
provided by EnRE in case of patients with
atrial fibrillation.

CONCLUSIONS

Proposed in the article is generalized form
for Robust Entropy Estimator EnRE for

Frequencies-domain, which allows, for time
series of a limited length (standard 5-min.
records), to find entropy value of HRV power
spectrum (total spectrum, low- and high-
frequencies bands). Parameters in generalized
form for EnRE have been derived from the
following criteria:

1/ accurate approximation for known
distributions of a random value in ranges that
represent models of RRs for heart rate
variability;

2/ independence of EnRE from N for
initial time series and for series after sorting;

3/ independence of EnRE from additive
changes of mean.

Using the proposed EnRE for MIT-BIH
database of HRV records, we show for
standard 5 min. HRV records the usage of
EnRE of HRV power spectrum and entropy-
based sympatho-vagal balance of Normal
Sinus Rhythm (NSR) and Congestive Heart
Failure (CHF) cases. It is demonstrated, that,
entropy-based Frequencies-domain analyzing
is applicable for case of Atrial Fibrillation
(AF) even during AF episodes. We showed
the significant difference (p <0.001) before
and during AF for entropy of total spectrum,
as well as for sympatho-vagal balance in form
of eLF/eHF.



Series «Mediciney. Issue 45

REFERENCES

1. Task force of the European society of cardiology and the North American society of pacing and
electrophysiology. Heart rate variability — standards of measurement, physiological interpretation, and
clinical use. Circulation. 1996;93(5):1043-1065. DOI:
https://www.ahajournals.org/doi/10.1161/01.CIR.93.5.1043

2. labluchanskyi M, Martynenko A, Bydreiko N, Yabluchansky A. Heart Rate Variability for medical
scientists and  doctors.  Kharkiv: V. N. Karazin ~ Univer.  Press; 2022. 131p. DOL:
10.13140/RG.2.2.32435.91685/1

3. Pincus SM. Approximate entropy as a measure of system complexity. Proc. Natl. Acad. Sci. USA,
1991,88: 2297-2301. DOI: https://doi.org/10.1073/pnas.88.6.2297

4. Richman JS, Moorman JR. Physiological time-series analysis using approximate entropy and sample
entropy. Am. J. Physiol. Heart Circ. Physiol. 2000; 278: H2039-H2049. DOl:
10.1152/ajpheart.2000.278.6.H2039

5. Humeau-Heurtier A. The multiscale entropy algorithm and its variants: A review. Entropy. 2015;17:
3110-3123. DOI: https://doi.org/10.3390/e17053110

6. Costa M, Goldberger AL, Peng CK. Multiscale entropy analysis of biological signals. Phys. Rev. E. 2005
71:021906. DOI: 10.1103/PhysReVvE.71.021906

7. Costa M, Goldberger AL, Peng CK. Multiscale entropy analysis of complex physiologic time series. Phys.
Rev. Lett. 2002;89:068102. DOI: 10.1103/PhysRevL ett.89.068102

8. Gao ZK, Fang PC, Ding MS, Jin ND. Multivariate weighted complex network analysis for characterizing
nonlinear dynamic behavior in two-phase flow. Exp. Therm. Fluid Sci. 2015;60:157-164. DOI:
10.1016/j.expthermflusci.2014.09.008

9. Labate D. etal. Entropic measures of eeg complexity in alzheimer’s disease through a multivariate
multiscale approach. IEEE Sens. J. 2013;13:3284-3292.

10. Azami H, Escudero J. Refined composite multivariate generalized multiscale fuzzy entropy: A tool for
complexity analysis of multichannel signals. Physica A. 2017;465: 261-276.

11.Zhao LN, Wei SS, Tong H, Liu CY. Multivariable fuzzy measure entropy analysis for heart rate
variability and heart sound amplitude variability. Entropy. 2016; 18: 430, DOI:10.3390/e18120430

12.Li P. et al. Multiscale multivariate fuzzy entropy analysis. Acta Phys. Sin. 2013;62:120512.

13. Ahmed MU, Mandic DP. Multivariate multiscale entropy analysis. IEEE Signal Proc. Lett. 2012;19: 91—
94.

14.Madhavi CHR. Estimation of Spectral Entropy of HRV Data and its Application to Depression and
Thyroid Subjects to Predict Cardiac Risk. Biomed Pharmacol J. 2018;11(3). DOI
- https://dx.doi.org/10.13005/bpj/1532

15. Martynenko A, Raimondi G, Budreiko N. Robust Entropy Estimator for Heart Rate Variability. Klin.
Inform. Telemed. 2019;14(15):67-73. DOI: 10.31071/kit2019.15.06

16. Goldberger A, Amaral L, Glass L, Hausdorff J, lvanov PC, Mark R, Stanley HE. PhysioBank,
PhysioToolkit, and PhysioNet: Components of a new research resource for complex physiologic signals.
Circulation [Online]. 2000;101(23):e215-e220.

17.Moody GB, Mark RG. A new method for detecting atrial fibrillation using R-R intervals. Computers in
Cardiology. 1983;10:227-230.

18.Tsai CH, Ma HP, Lin YT, et al. Usefulness of heart rhythm complexity in heart failure detection and
diagnosis. Sci Rep. 2020;10:14916. DOI: https://doi.org/10.1038/s41598-020-71909-8

19.Liu G, Wang L, Wang Q, Zhou G, Wang Y, et al. A New Approach to Detect Congestive Heart Failure
Using Short-Term Heart Rate Variability Measures. 2014;PLoS ONE 9(4): €93399.
DOI:10.1371/journal.pone.0093399

EHTPOIIISI HACTOTHOI'O JOMEHY BAPIABEJIBHOCTI CEPIIEBOI'O PUTMY

Mapmunenxo O. B BCPEF Pajivonoi 1.455F, Bapci JLET, Manapoea JI. B.5"
A — KOHIIeTIIIis Ta Au3aifH JociimkeHHs; B — 30ip mannx; C — aHami3 Ta iHTEpIpeTanis AaHnx; D — HarmMcaHHs CTaTTi;
E — pemaryBannst crarri; F — ocTarodne 3aTBepKEHHS CTATTi

Beryn. BapiabensHicts cepueBoro putMmy (BCP) Gasyerscst Ha BUMIpIOBaHHI (YacOBHX) IHTEPBaNiB MiX
R-nikamu (RR-iaTepBainiB) enexrpokapaiorpamu (EKI') i moOynoBu Ha IX OCHOBI PUTMOTPaMH 3 TOJIAJIBIINM
ii aHai30M PI3HUMM MaTeMaTHYHHMH METOJaMH, iKi kiacudikytorscs sk YacoBa obnacts (TD), yactoTHa
obnacte (FD) i meminiiina [1, 2]. IcHye psii HONyJISIpHUX HENIHIHHUX METOAIB, SIKI BUKOPHUCTOBYIOTHCS B
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ananizi BCP, nanpuknan BUMIpIOBaHHS Ha OCHOBI €HTpOIIi, SIKI B OCHOBHOMY 3acTOCOBYIOThcs st TD.
CnexrpaibHa enrporisi (SE) BUKOPHCTOBYEThCS AJIsl 4acTOTHOI 0OJACTi: BOHA BHU3HAYAETHCS SIK SHTPOIIs
lllenHoHa crekTpanbHOi HiIbHOCTI mortyxHocTi (PSD) nanux. BaxinBoro XapaKTepHCTHKOI YaCTOTHHX
JIOCIIIJDKEHb € CHMIIaTO-BaraJivHUi OanlaHc, SIKMH paHille He BpaxOBYBaBCS B aHaji3l Ha OCHOBI €HTPOIIi.
[IprunHOIO HBOTO OYJI0 Te, MO SKICHUI EHTPONIHHUI aHai3 00MEXeHO KiIbKICTIO icHytounx nanux BCP, ski
3MeHIyThes y FD, a Takoxk y 4acTHHaxX 3arajbHOTO CIIEKTpY.

Merta. Meroto wmi€i craTTi € HajaHHsA HaAidHOT (OPMYJH Al TOYHOIO OOYMCIICHHS EHTPOMIl s
YacTOTHOI 00JacTi cTanAapTHUX 5 XBwinH 3anucy BCP Ta mokasatu nmepeBaru Takoro mMiJxoy JJIs aHalizy
CHMIIaTo-BarajpHoro Oamancy y 3mopoBux cy0’ektiB (NSR), mnamieHTiB 13 3acTiHOIO CEpLEBOIO
HenocratHicTio (CHF) Ta dibpussimiero nepencepas (AF).

Marepianm i merogu. Mu BHKOPUCTOBYBaIU NOBrocTpokori 3amucu BCP 6asu manux MIT-BIH mis
HOpManeHOro cuHycoBoro putMy (NSR), 3actiiiHoi ceprieBoi HepoctatHocTi (CHF) 1 hiOpmisuii nepencepan
(AF).

Byna 3anpononoBana y3araibpHeHa (popMa HajiiiHoro ominroBada eHrponii (EnRE) mis wactoTHOT 00nacti
cTaHgapTHuX 5 xB. 3anmciB BCP i mokasani kirouoBi o3Haku EnRE.

Pi3Hnus Mix cepenHiMM 3HaueHHsAMH JBOX HesanekHHX BHOIpok (NSR i CHF, mo i micns AF) Oyna
BU3HAYCHA {-TECTOM JUI1 HE3AJISKHMX BHUOIPOK; AMCKPUMIHAHTHUM aHami3 1 CTaTHCTHYHI PO3PaxyHKH
BHUKOHAHO 3a JIOTIOMOTO00 cTatucTuyHoro nakery IBM SPSS 27.

Pe3yabTaT. My 00uMCIIIOBaIM EHTPOIIIIO JJIsl BCOTO crieKTpaibHoro inTepairy BCP, a came 0-0,4 ', i
MOPIBHIOBAIIM 3 iICHYIOUMMH Pe3YJIbTaTaMH JUIsl CIIEKTPaJIbHOI EHTPOIIT: SIKICHO MU OTPUMYEMO TaKe 3K YHCIIO
posmnoziny, sk y [14], 1 3Hauymy pizaumio (p < 0,001) Mk cepeaHiMu 3HayeHHsMH eHTporii 1 NSR Tta
namienTis i3 CHF a6o AF.

Buznawaemo Hus3bkouactotHi (LF) ckiamoBi cmektpa mnoTyxHocTi B pmiamaszoni 0,04-0,15T1m i
BucokouactotHi (HF) xommoHeHTH criektpa motykHocTi B miamaszoni 0,15-0,4 I'n [1]. CumnaTo-BaranbHUR
Oamanc — ne npocre cmiBBigHomenHs LF/HF [1]. Mu 004YHMCII0EMO EHTPOIII0 KOMIIOHEHTIB CIEKTPY
notyxHocti LF six eLF, enrponito kommonentiB crnektpy nortyxuocti HF sk eHF i cumnaro-BaranbHuii
OayaHc Ha OCHOBI eHTporii sik criBBigHOMIEeHHs eLF/eHF.

Pisnnns Mix rpynamu NSR i CHF € 3naunoro B 060x Bumnankax LF/HF i eLF/eHF 3 p <0,001, ane y
Bunagky eLF/eHF ne nemo kpame 3 t=-4,8 nopiBusno 3 LF/HF, ne t =-4,4. JluckpumiHaHTHUI aHai3
TN0Ka3ye 3arajibHy TOuHicTh Kiacudikanii s eLF/eHF y 79,3 % (x? = 19,4, p < 0,001) i jus LF/HF y 72,4 %
(x* = 16,6, p < 0,001).

Mu 3actocyBajii YacTOTHHIM aHaji3 Ha OCHOBI eHTpomii ans mnauieHtiB 3 AF 1 nokasaum, 1o
criBBigHomenns eLF/eHF 3nauno Bume mig yac AF, Hixk 10 AF (p <0,001). Ile npoTHIEKHO 3BHYAHOMY
HY/BY, ne Hemae cTaTHCTHYHOT 3HAUYLIOCTI Pi3HUII Yepe3 BEJIMKY Bapiallilo I[bOT0 CITiBBITHOIICHHSI.

BucHoBKH. Y cTarTi 3aponoHOBaHO y3araibHeHy (opmy HajiiiHoro ouiHoBada eHrponii EnRE 3amms
yacToTHOrO JjoMeHy BCP, mio mo3Bosse ajs 4acoBHX PsAiB OOMEXEHOT JTOBKHHHU (CTaHIapTHI S-XBHIMHHI
3aIiCH) 3HAXOIUTH 3HaYCHHsI eHTpoii criekTpa notyxHocTi BCP (3aranbHuil cniekTp, HU3bKa 1 BUCOKA CMYTH
4acToT).

BukopucroByroun 3anpornonosany ¢popmyny EnRE s MIT-BIH 6a3u nanux 3anucis BCP, mu noka3zanu
Juist cranaaptHux S5 xB. 3anuciB BCP Bukopucranns EnRE cnekrtpa mortyxHocti BCP Ta cummaro-
BaraJibHOro 0ajaHCy Ha OCHOBI eHTpomii y BHNajgkax HopMajbHOro cuHycoBoro putmy (NSR) i 3acriiiHoi
cepuesoi nemocratHocTi (CHF). TlpomemMoHCTpOBaHO, IO EHTPOMIMHHIA aHami3 y 4YacTOTHIH 00macTi
3acTocoBaHui Juiss BunaakiB ¢iopwsnii nepencepap (AF) HaBiTe mig wac emizoxiB AF. Mu nokazanu
noctoBipHy pisHuio (p < 0,001) 1o Ta nix yac AF it eHTpomii 3arajJbHOTO CIIEKTPY, 8 TAKOXK JJIsI CHMITATO-
BarajgbHOro damancy y ¢popmi eLF/eHF.

KITIOY9O0BI CJIIOBA: sapiabenvricmb cepyegoeo pummy, eHmponis, YaACmOmHUL OOMeH, 3aACmitiHol
cepyesoi neoocmamuocmi, Qibpunsayii nepedceposb
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EHTPOIIA HOCJIII[OBHOCTE?I JAHK I CMEPTHICTb
HAOIEHTIB 3 JEUKEMI€CIO

Mapmunenxo 0. B.*“°5F ITacmop K. 1.**5F, ®pio C. A.BF, Iin J1. P.BF,

Mansposa JI. B.5"

A — KoHrmemnuis Ta mu3aiiH qociimkeHHs; B — 30ip manmx; C — aHami3 Ta iHTepmpetamis manux; D —
Hanucanus ctarTi; E — penaryBanns cratri; F — ocraTouHe 3aTBEpXKEHHS CTATTi

Beryn.  [lesokcupubonykieinoBa kuciora (JJHK) He € BHIamkoBOW TMOCHIJOBHICTIO YOTHPHOX
KOMOIHAIlif HYKJICOTHAIB: KOMIUIEKCHI OIJIAOM JUTEpaTypud NEpEeKOHJIMBO IOKa3ylOTh JOBrO- Ta
KopoTKo/iana3oHHi kopensaii B JJHK, nepiomudHi BIaCTUBOCTI Ta KOPEJSIIHHY CTPYKTYPY IMOCIIOBHOCTEH.
Mertomu Teopii iHpopmarlii, 30kpeMa iH(opMaliiHa €HTpOIis, MAlOTh Ha YBa3i KUIbKICHY OIIHKY 00csTYy
iHpopMarii, 1110 MICTUTBCS B MOCIIOBHOCTSX. 3B’S30K MiXK €HTPOMIEI0 Ta BH)KUBAHHSAM TAIlIEHTIB IIHUPOKO
MOLIMPCHUN Y JACSKHUX Taly3sX MEIUIIMHU Ta MEIHMYHUX JOCITIKCHHSAX, TAKUX SIK: KapIi0Joris, HEBPOJIOTis,
Xipyprisi, TpaBma. TakuMm 4YHHOM, iCHYe HEOOXIAHICTH peaiizalii mepeBar MeToAiB Teopii iHdopmanii ass
JIOCJIIJPKEHHST B3a€MO3B'I3Ky MIXK CMEPTHICTIO MEBHOI KaTeropil Maii€HTiB Ta eHTPOIIEI0 X MOCIII0BHOCTEH
JIHK.

Mera. Hanatu Hapniiiny Qopmyiy Ui TOYHOTO PO3PaxyHKY EHTpOIMIi Ui KOPOTKHX ITOCIIIOBHOCTEH
JIHK 1 nokazaTu, ik BAKOPUCTOBYBATH 3alPOIIOHOBAHMIA aHaIIi3 EHTPOIII] Uil BUBUCHHSI CMEPTHOCTI XBOPHUX
Ha JISHKeMIlO.

Marepiann i meroam. BuxopucroByBasach 0a3za JaHuMX mailieHTa 3 Jeiikemielo bapcenoHcbkoro
yuiBepcurety (UB) 3 117 3HeocoOneHMMH 3amucaMu, sIKi CKJIQJAlOThCs 3 HACTYNHOIO: Jara JAiarHo3y
MalfieHTa, Jata CMEpTi MmaIi€enra, fiarHosu Jieiikemii, mocmigoBnicts JJHK marienta. CepenHiii yac cMmepTi
namieHTa micas  BCTAaHOBJICHHS — AiarHo3iB: 99 + 77 micsiuiB.  dopManbHUMH — XapaKTEPUCTHKaAMH
nocaigosHocreit JJHK 8 B/l UB xBopux Ha neiikemito €: cepenus kinpkicts JJTHK ocHoB N = 496 + 69; min
(N) =297 ocuoB; max (N) = 745 ocHOB.

Bysa 3anporionoBaHa y3arajpHeHa (opma omiHroBada eHTpormii (ENRE) mis KOpoTKHX mOCIiI0OBHOCTEH
JHK Ta nponemMoHcTpoBaHi KiitouoBi o3Haku ENRE.

Amnani3z BKHMBaHHS OyB IpOBEJEHHMH 3a JONMOMOrow cratucTuyHoro makera IBM SPSS Statistics
27 meronamu Kamnana-Metiepa Ta perpecii Kokca.

PesyabraTu. TouHicTs 3anpornoHoBanoi GopMyIu Ui pO3paxyHKy eHTpomil Oyia nepeBipeHa st pisHUX
BIJIPI3KiB YaCOBUX PSA/IIB 1 PI3HUX THIIIB BUIAJKOBHX PO3MOAUIIB 3 BIIOMHMH TCOPETHYHUMH 3HAYCHHSIMH
enrpormii. ITokazano, mo y Bcix Bumagkax mast N =500 BigHOCHa mHOXHOKa MPH PO3PAXYHKY TOYHOTO
3Ha4YeHHs eHTporii He nepeBuulye 1 %, npu HbOMY BeslnunHa Kopesuii He ripuie 0,995.

Kon angasitry mnouarkoBoi mnocnigoBuocti JJHK OyB mneperBopeHuil B YHCIOBHII KOJ OCHOB, 3
BUKOPHCTAHHSIM IpaBHja ONTHMIi3allii, 1100 OTpUMAaTH TiJbKM OJHE MiHIMajbHE 1 CHMETPHUYHE 4YHCIIOBE
JIEKOIyBaHHI OJIM3BKO HYJIS, IO JIa€ MiHIMYM JUIs ctaHaapTHoro BiaxuieHHs ENRE i koediuieHT Bapiarii.

Enrtpomniss ENRE Oyna po3paxoBaHa ajisi XBOPUX Ha JIGHKEMIiIO IIC/IsS ONTUMAaJbHOTO IIJIOYHCEIHHOTO
JIEKOJlyBaHHS B JIBOX CIIOCTEPEXEHHsX: 2 rpymu, po3aiieHi menianoro ENRE = 1,47, ta 2 rpynu, mo
Hanexxath o 1-ro (ENRE <1.448) Tta 4-ro xBaptwiiBe (ENRE > 1.490). Pesynbrar anamizy BHKHBaHH:
Kannana-Meitepa ta mozentoBaHHsi BikuBanHsi Kokc-perpeciii ctatuctuuHo 3Hauymi 3 p < 0,05 mnst rpyn
noiieHux MemiaHor 1 3 p < 0,005 mis Tpym, Mo yocoOmroTh 1-i Ta 4-i kBapTiti. Hebe3mneka cmepTi Iist
narienta 3 ENRE nHwkye menmianu B 1,556 pasu Oinbine, Hik y mamienta 3 ENnRE monman menianoro ta
HeOe3meka cMepTi A naimieHTa 1-ro enTponiitHoro kBaptia (HaiHmk4anit ENRE) B 2,143 pasu Gunbine, HiXK
y marieHTa 4-ro eHTpomiitHOro KBapTuJis (HaBummii ENRE).

BucHoBku. Ilepexin Bim posmmpeHnx (MemiadbHHX) A0 MEHIMX (KBapTUIBHHUX) TIPYyN MAIi€HTIB 3
Oimpmoro pisHmiero y ENRE migTBepamB yHiKameHe 3Ha4YeHHA eHTpomii mociimoBHocted JHK mmsa
BU3HAYEHHS CMEPTHOCTI TAIli€eHTiB 3 Jelkemiero. lle 3HaYeHHS CTATHCTUYHO JOBEIEHO ITiIBHIEHHSIM
HeOe3MmeKky I XBOPHX Ha JIEMKEeMilo 3 MEHIIO eHTpomieio nociigosrocrerd JIHK: 6inpma pisanig ENRE
o3Ha4a€ 30UTBIICHHS PUCKY CMEPTi Ta CKOPOYEHHS TPHUBAJIOCTI JKUTTA IICIA A1arHO3Y B IPpyHax MAaIi€HTIB 3
MEHIIIOI0 eHTpotieto mocmigoBaocTeit JJTHK.

KITIOY90BI CIIOBA: enmponis, nocuioosnocmi J[HK, cmepmuicms, netikemis
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ampokciMallifHa ~ eHTPOmisl Ha  OCHOBI

BCTYIT BapiabenpHOCTI ceprieBoro purMmy (BCP) ms
HezokcupubonykieinoBa kucnora (JJHK) MPOTHO3YBaHHS PAaINTOBOI cepleBOi CMepTi,
HE € BHITaJKOBOIO MOCIIJOBHICTIO YOTHPHOX OIIIHKU BIUIMBY cHenu(iyHuX (papMaKoIio-
KoMOiHamiii HykiaeoTuaiB (A — ameHiH, C — riuaux 3aco6iB Ha BCP [7]; 3acTtocoByeTbes
uTo3uH, I — ryaHiH, T — TUMiH): KOMIUIEKCHI EHTPOMisI HAa OCHOBI E€JeKTpOKapIiorpam
ormsimu  miteparypu  [1,2] TepexkoHIUBO Xonrepa (EKI) 1 wactotm cepueBux
MOKa3ylOTh JIOBrO- Ta KOPOTKOJiama3oHHI ckopouenb (UCC) HopmanbHOI cepieBoi
kopessii B JIHK, nepioanyni BiacTUBOCTI Ta JMUHAMIKW 1 THX, 1[0 MalOTh PI3HUU CTYIiHb
KOPEJAIIHHY CTPYKTYpy THOCJIJIOBHOCTEH. TOCTPHUX CEPIICBHX MATOJOTIH [8]; mamieHTH
Mertomu Teopii iHpopmarii MaroTh Ha yBasi micas iH(apKTy Miokapaa, SKi IepeHecIH
KUTBKICHY OIIHKY o0csry iHdopmarmii, mo Mi3HIA TajoNiHIi TMOKpalmleHnid MarHiTHHUHA
MICTUTBCSI B TIOCTITOBHOCTSIX. [H(opMarttiiina pe3onanc cepus (MP) 3 MoXiTHOO €HTPOITIE0
entponiss Knoxa IllenHona Oyna omgHuM 3 TkanuH MP-Bi3yamizanii. 3a nalieHTaMu
nepmmx  iHQOpMaIiHUX  3aXOAiB  JUIS criocTepiranacsi BiAIOBiJJHA 1MITAaHTOBaHA
nociipkyBannx nociigosHocreit JJTHK [3]. B KapJioBepTepHO-IeQiOpuisITOpHa Teparmis Ta
maHui dac peamizamii entponii IlleHHOHa CMepTHICTS [9].
HPOJOBXKYIOTh 3aJTHIIATUCS TY>KE YCIIITHUMU 2. Heesponocis: JOCIIUKEHO  3B'SI30K
i a”anizy BipycHoi PHK, Takux sx SARS- edrpomii cepueBoro purmy (ECP) 3i
COV-2 [4]. TpyuroBHHI oOmsa pi3HHX CMEpTHICTIO  MICJs  BHYTPIITHBOMO3KOBOT
MiXOMIB JIO CHTPOIIi <«JUIsl BHUSBJICHHS kpoBoredi [10];
(dopManbHUX 3BIS3KIB MiK TCHETHYHHM 3. Xipypein (3azanvha anecmesis).
PI3HOMAHITTSAM Ta MOTOKOM iH(opMmarii» OyB MosiTopuHT eHTpomii nependayae
HaBeZeHUH B [5] 1 mockoHanwmii ormsm [6] BUKOPHUCTaHHS enekrpoeHnedanorpadii
JIEMOHCTPYE Cy4YacCHHW CTaH peai3aliit (EET") i omiHKM TMOWHHA — 3arajdbHOL
Teopii iHMopMmamii AN aHaMzy «eKchpecii aHecresii y Xipypriuaux namieHris [11];
TeHIB Ta TPAHCKPHIITOMIKH, TOPIBHSIHHS 4. Tpaeéma: [ns xareropusailii TpaBMHU 3a
MOCITiIOBHOCTEH 6e3 BUPiBHIOBaHHS, JIOTIOMOTOF0 €HTPOITii HEOOX1THO PO3TIISIHYTH
CCKBEHYBaHHA Ta BHIIPABICHHS IOMMIIOK, OCHOBHY EHTPOIII0 XBOPOOIMBOCTI 0Ci0, 10
KapTyBaHHS 3B’SI3KIB MIDK T'€HOMaMH Ta AKO1 JOAAETHCSA EHTPOIIiSl TPAaBMH, sIKa MOTIM
reHaMu, MeTaboJIiYHUX Mepex Ta MeTadoJo- MOKEe MpHU3BECTH 10 cMmepTi [12]; mokaszana
MiKa, a TaKO)K aHaji3 IOCIIIOBHOCTI OIIKIB, LiJoYMCeabHa OaraToMaciiTabHa EHTPOITis
CTPYKTYPH Ta B3aEMOJIIi». (MSE) uactorta cepueBux ckopouenb (HR),
3 iHIIoro OOKy, 3B’SI30K MK €HTPOIIIEID Ta SK TIOKa3HHK CKJIaJHOCTI, IO MPOTHO3YE
BI)KMBaHHIM MAli€HTIB IIMPOKO MOMIMPEHUH CMEpTh y JOBro TpuBajoMy TepMmeHi. MSE
y ACAKHX Taly3sX MEAMLUUHHM Ta MEIUYHHX YacTOTH CEPLEBUX CKOPOYEHb IMPOTATOM
nmociimkeHHsax. Hagamo neski mpukmaam: NEKUIBKOX TOAMH  Miciad  rocmitajii3aril
1. Kapoionocis: BuxkopucroByeThCs MPOTHO3Y€E CMEPTh, M0 HACTA€E Yepe3 KijbKa
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maie  [13]; Y mpoMmy  JmociiJpKeHHI
BuMiptoBaiu entpomito Lllennona i Lammic
3811 TeMIIEPaTypHUX CUTHANIB y KOTOPTi
KPUTUYHO XBOpUX TMAI[i€HTIB. 3MeHIICH]
BEUBJIETH €HTPOIIl TEMIIEPaTypPHUX CHTHAIIIB
Illennona 1 Ilammica MoOXKe IOITOBHIOBATHCS
TTOCITITOBHOIO OIIIHKOIO OpPTaHHOI HeI0CTaT-
HOCTI B IIPOTHO3YBaHHi cMepTHOCTI [14].

TakuM 4YMHOM, BHILIMBAE, MO iCHYE HEOO-
XiHICTh peanizalii mepeBar METOIiB Teopil
iHdopMarii a1 JOCTi/HKEHHST B3a€MO3B'A3KY
MIXX CMEpPTHICTIO TIEBHOI KaTeropii maIfieHTiB
Ta eHTporiero ix mocmigosaocteit [JHK. Mera
JaHoi poOOTH — HajzaTH HaAiHy (opmyiy
JUIE  TOYHOTO PO3paxyHKy eHTPOmil st
kopotkux nociigoBHocteit JIHK 1 moka3zarw,
SK BUKOPHCTOBYBAaTHM ICHYIOUMH  aHai3
EHTPOMI] i1 BHBUEHHS CMEPTHOCTI XBOPUX
Ha JICMKeMIlo.

MATEPIAJIN TA METOJN

Mu  BHKOpHUCTOBYBaJdM 0a3y  JaHHX
nmaiieHTiB 3 JelikeMmiero bapcenoHcbkoro

yuiBepcurery (UB) 3 117 3HeocoOmeHUMHU
3amMcami, SIKi CKJIQAaloThCsl 3 HACTYIHOTO:
JaTa JiarHo3y Tali€eHTa, JaTra CMepTi
Marfi€edTa, MiarHo3u JIEHKeMil, MOCIIiTOBHICTE
JHK mamienta. Cepemniii wac cmepTi
Nali€HTa Micyisi BCTaHOBJIECHHS AiarHo3iB: 99
+ 77 micsmiB. GopManbHAIMHU XapaKTEPUCTH-
kamu nociigosHocter JIHK B b1 UB xBopux
Ha JelikeMito €: cepemHs kumpkicth JIHK
ocaoB N =496 +69; min (N) =297 ocHoB;
max (N) = 745 ocHos.

Craructnuno JIHK 3xpe6inpmoro 6nmspka
0 PIBHOMIPHOTO pO3MOALTY, alle Mae
aOCONIIOTHO pi3HI HEOJHOPIAHI  YacTOTHI
naTepHH, Hampukiang, ©0a30Bi  QpikeHH
mimoxonopiony moounu (16 569  ocHOB)
cta”oBisATh A — 31 %, C —-31%, 1" -13 %, T
— 25% abo ek3onu enobiny niooa moOuHU
(882 ocHoBu) craHoBHATE A — 24 %, C —
25 %, T'—28 %, T — 22 % [15]. Mu noka3zanu
MOPIBHAHHSA peanbHOi nociigoBHocti JTHK i
3MOJIENBOBAHOI PiBHOMIPHAM PO3MOJIIOM Ha
pucyskax l.a.i1.b.:

Value DNAseq1
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1 51101 151 201 251 301 251 401 451 501 551 601 651 01

Case Number

DNAseq1

DNAseq1

Puc. 1.a. Peanbua nocainoBuicts JIHK naumienta, N = 745 ocvoB (UB DB nauienTiB 3 sneiikemicio).
Fig. 1a. Real patient DNA sequence, N = 745 bases (UB leukemia patient DB)
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Puc. 1.b. 3moaennoBana nocJinoBHicTh 4 eJleMeHTIB 3a piBHOMipHIM po3nogijaom, N = 745
Fig. 2.b. Simulated 4 elements sequence by Uniform distribution, N = 745

Mu po3paxyBajy SHTPOIII0 OOMEKEHUX
YaCOBHX PSIB 32 OPUTIHAILHOI (HOPMYIIOLO,
3anpornoHoBaHoo Kinogom IllenHoHom B

1948 pomi [16] i BoHa TYT Ha3MBAETHCS
Emmipuuna  entpomisi  (ENEmp)  uepes
00OMEXEHHsI YaCOBUX PSJIiB:




EnEmp = — YL, P(x)In(P(x)) 1

[Tpob6nemoro Bukopuctanus (opmynu (1)
Ha MPaKTHUL €:
® HEYYTJIUBICTH JO 3MiHH IIOJIOKEHb

HykieotuniB B mochimoBHocti JHK. €
Yy TIUBICTH TIIBKH 10 3MiHH 0a3w;
® HH3bKA TOYHICTE JUIA  HEBEIHKOI

KUTBKOCTI TOYOK B psfi (HampuKIaa, KOJIH
N < 1000);
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e [IOBUIbHA CXOJMMICTh JO TOYHOI'O
3Ha4eHHs 31  30UIBLIEHHSIM  JOBXKUHU
MOCJIIJOBHOCTI.

[Toka3ana B Tabm.2 3al1€KHICTH TOYHOCTI
obumncnenHs enrporii 3a popmynoro (1) Bifg
JOBXWUHH Py JUISl  OKPEMHX  BHIIB
pO3MOiTYy BHIIQAKOBOI BETWYMHU. 10OYHI
3HAYCHHSI ~ CHTPOMIi  JUIsl  TIOB’S3aHUX
po3nojiniB HaBeaeHi B Tab. 1.

Tabmuus 1
Table 1

Pi3ni po3noxinu iiMmoBipHocTeii i BinmoBigna enrpomis [17]
Various probability distributions and correspondent Entropy

HOPMaJIBHUH PO3IOALT

f&) =

1 ( (In(x) - M)Z)
— exp|

202

Po3noain @DyHKLisA iIMOBIpHOCTI Entponis (En, nar)
— )2
Hopmanbnuit po3nozin flx) = - exp <_ _(x ) ) En=In (\/ 27'[02)
oV2n 202
PiBHOMIipHMIi po3moin fx) = bL En=In(b—a)
—-a
ExcrioneHuianbHui _ _
PO3MOAIN f(x) =2 exp(—2x) En=1-1In(d)
Jlorapugmiano- En=pu+ln ( \/ﬁ)

Posmopin [Tapeto

xov2m
axy

F@) = T

En=ln(%")+1+%

Tabmuus 2
Table 2

3asieskHicTh Bil TPMBAJIOCTI Py TOYHICTI OLIHKM eHTPOIl Ta KopeJslisi 32 3M01e1bOBAHMMH
napaMeTrpaMu po3moAijay 1Jisi pi3HUX Ppo3noAiiiB HMoOBIpHOCTEH

Dependence from the length of time series of Entropy estimation accuracy and Correlation along

simulated distribution parameters for various probability distributions

Posmopin Homxuna | Emmipuuna earpormist (Enlmp) PobacTHuii oniHIOBa4 €HTPOITI|
3paska (EnRE)
TounicTe Kopemsmis TouHicTh Kopemsmist
(BimHOCHA (BimHOCHA
noxubka, %) noxuoxa, %)
PiBHOMIpHHI po3moin N =100 6.92 0.978 4.71 0.991
(a=0;b=4) N =500 411 0.988 0.57 0.997
N = 1000 3.83 0.999 0.11 0.998
HopwmasbHuii po3noain N =100 7.74 0.994 1.95 0.995
(M =1000; ¢ = 100 — N =500 1.83 0.997 0.35 0.998
200) N = 1000 0.91 0.999 0.16 0.999
ExcnoHeHIiansHuit N =100 46.24 0.452 0.77 0.993
posmozmin (A = 0.0001 — | N =500 28.38 0.903 0.25 0.997
0.0011) N = 1000 19.31 0.950 0.06 0.999
Jlor-HopmanbHuit N =100 3.69 0.980 3.38 0.986
posmogin (u =7; o0 = N =500 1.17 0.997 0.49 0.997
0.002 — 0.012) N = 1000 0.80 0.999 0.22 0.999
Posnopain [Mapero N =100 32.68 0.589 1.01 0.997
(¢ =2;s=1000-2000) | N=500 17.78 0.867 0.35 0.998
N = 1000 14.75 0.946 0.12 0.999
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Bunamok PIBHOMIPHOTO po3moairy
(nokazanmii  Ha  puc.l.a,b) orpumye
0COOJIMBY yBary, aje iHIIi PO3MOIiIA TaKOX
BpPaxOBYIOTbCS K HEOOXiJHI  MPUKIAIH
BUKOPUCTAaHHS  4YUCIOBUX  (opmyn s
aHamizy OOMEXEHOTO psAy, OCKUIbKH He
3aBKAM  BIAETHCA  TOYHO  3iCTaBHTHU
crioctepexkyBany mocminoBHicte  JIHK 3
TESIKUM (hikcoBaHUM BUITaJIKOBUM
po3nojinioM. MoxHa BU3HATH HEMOXKIIUBICTh
3actocyBaHHs (opmymu (1) 10 KOpPOTKOTO
gacoBoro psaay N < 1000. Tomy, 31aBasocs 0,
HEoOXimHa Po3podKa GOPMYIH IS TOYHOTO

BUMIPIOBaHHS ~ €HTPOMil Ui HEBEJIMKOI
noBxuHU nociigosaocrein JTHK.
Ha  mowatky  MHHYJIOro  CTOJNITTS

itamificekuit mpodecop craructuku Koppamo
JkuHI 3amporoHyBaB CMoci0 BHUMipIOBaHHS
HEpPIBHOCTI MDK 3HAYCHHSIMH YacTOTHOTO
posnoniny (koedimient Ixuni) [18]:
=it S —xl). @

ne M — cepenne 3nauenHs X. Koegimient
JLkuHI  BHSIBUBCS JIyXKe TIONMYISIPHAM B
eKOHOMIIlI Ta comionorii, 1 € crpoou
3aCTOCYBaTH HOro i1 g0 iHmUX oOJacTew,
Bkitouaroun aHaiiz BCP [19]. Koedimient
JUKuHI € eK3eMIUIIPOM  y3aralbHEHOTO
ingekcy  HepiBHocti  [20], a  Horo
anbTepHATHBA, SIK Mipa BIIXWICHHS BiJ
OaylaHCy — y3arallbHEHWH 1HJEKC eHTpoImi —
BUBOJWUTHCA 3 Teopii iHopmarii gk Mipa
HaamipHocti B gaHux  [21].  Bimomi
0oOMeKeHHSI TP BUKOPHCTaHHI KoegilieHTa
JLKkuHI U1 aHAII3y JaHMX: 3aJICKHICTD BiJ
aJMTUBHOI 3MIHHM CEPeHBOT0; MalMi BiIOIp
ICTOTHO 3MEHIIy€ BEJIMYMHY KoedillieHTa i
T. 1.

Tomy micis aHamizy BiZJOMHX BU3HAuYCHb
Mip BIIXWJICHHS BiJl pIBHOBaru i CTYIEHS
nopsiiky Oyfia 3arpornoHOBaHa y3arajibHEHa
¢dopma ominroBaua entpomii (ENRE) msa
4acoBUX psAiB B [22] 1 HacTymHUM
3anporoHoBaHa aiis nociigosHocted JJHK:

BB Yk
A B;—Bj||Bj—MD
EnRE=ln<T ﬁili;yﬂ(M)),
N/2

(Dij)m/2
3)

ne MD — wMezniaHa mHoCiiOBHOCTI IS
YUCENbHO  3aKOJ0BaHMX OCHOB B; Djj-
BijcTanb MiX B;iB;; A, I, m, k — ouinousi

KoeilieHTH. YMoBH TUTS MIOIITYKY
koedimientis A, |, m, k HactymHi:
1) Toune HaAOMMKEHHS U BIJOMHX

pO3HO}1iJ'IiB BUIIAJKOBOL BCJIIMYHHU,
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2) mesanexkuict ENRE  Bim N ms
MOYaTKOBUX YacOBUX PSIIB 1 UIsI cepii micis
COpPTYBaHHS;

3) nesanmexuicte ENRE Bim aauTuBHOT
3MIHHU CepeIHLOTO 3HAUCHHS.

ITicas yucenbHUX JOCIIIKEHb, OCTATOYHI
pe3yibTaTH SKUX TIPEeACTaBlIeHI B TabIl. 2,

Oynmu  3HaliieHi  HACTyNHI  3HAYCHHSA
koedimientis: | = 3, m = 1, k = 2. Buainumo
JIesKi  KIIFOUOBI  O3HAKH  3aIpOIIOHOBAHOI

y3aranpHeHoi popmu ENRE 1 xoedirtieHTiB:

1) dpopma 3ammcy (3) i 3maiimeni koedi-
mieata |, m, k 3abe3meuyroTs He3aIEKHICTH
BiJl QJIMTUBHOI 3MIiHM CEpEeIHIX PsAIB 1 Bij
BeanunHU BuauieHHS N i 6a30BUX PsiiB i
JUTSI PSR MICIISt COPTYBAHHS;

2) 3nauenns  ENRE  gymimmBe 10
CTPYKTYpHUX 3MIiH  psIiB, TakKux fK,
HANpUKIAZ, COPTYBaHHS, sKe 30LUIbIIye

CTYHIHb TOPAIKY IOCIiZOBHO, 3MEHIIYIOUYH
ENnRE;

3) 3nayenns ENRE uytnmBe no 3miHn
MOJIOKEHHST HYKIJICOTHIIB Yy TMOCIiAOBHOCTI
JHK;

4) xoedimieHT  TepeHamaromKeHHs A
CaMOCTIHHO  MOXe  3HagoOWTHCS I
3HAaXOJ/DKCHHS Kpamoro 3HaueHHs ENRE B
IHIIOMY Jiana3oHi 3MiHH MapaMeTpiB Pi3HUX
BUITQJKOBUX PO3MOALTIB, IO 3aBXKIU MOXKHA
3pOOUTH 32 JIOTTIOMOTOI0 METOAY HAaMEHIITHX
KBaJIpaTiB.

AmHaii3 BIKUBaHHs OyB TNPOBEACHUH 3a
JIOIIOMOI'OK0 ~ CTaTUCTUYHOro nakera IBM
SPSS 27.

PE3YJIbTATHU TA OBI'OBOPEHHS

Tounicme. llepm 3a Bce, TepeBiprEMO
TOYHICTH 3ampornoHOBaHOi Gopmynu (3) ans
po3paxyHky  eHrpomii: Tabm.2  Hagae
3HaueHHs ENRE jgns  pisHux  Bigpiskis
YacOBUX PSAIB 1 PI3HUX THUIMIB BHUIAIKOBUX
po3MOJiMiB, a I KOXHOTO 3 IHX
pe3yibTaTiB HABOIATHCA 3HAYEHHS MOXMOOK
npu OOYHUCIICHHI EHTPOMii MOpIBHSIHO 3
TOYHWMH 3HAYEHHSIMU TIPU 3MiHI IapaMeTpiB
po3noainy. 3ayBa)KuMo, 110 Y BCIX BUIAIKAX
mist N=500 BigHOCHa TmOXMOKa TIpH
PO3paxyHKy TOYHOTO 3HAY€HHs EHTPOIii He

nepesuirye 1%, mnOpu 1poMy BeIMYMHA
kopensimii © He  ripme  0,995; pu
PIBHOMIPHOMY 1 HOPMaILHOMY PpO3IOJIiI

BIJHOCHAa MOXWOKAa JUI1 HOBXMHU YaCOBHUX
pagie N =500+1000 wmenme 0,6%, a
KOPEJIAIis CTAHOBUTH Or3bK0 0,998,



Onmumansie KOOY6aHHsA NOCIO06HOCH
JTHK. Kon angasity MOYaTKOBOI
nocmigoBuocti  JIHK  moBunen  Oytm
[IEPETBOPEHUN B YMCIIOBUM KOJ OCHOB, aje
Taka MEpecTaHOBKa € NOBUIbHOI. Tomy Mu

BUKOPDHUCTAIM  TIPUHIMI  MaKCHMAaJIbHOI
EHTpOTii, 00 YHUKHYTH Takoi JOBIIHHOCTI.
OnHouacHO ONITUMAaJbHE YHCeNbHE

NEPEKOAYBaHHA Ma€ JaBaTH MiHIMaJIEHE
SHAUYCHHA JIA CTAHAAPTHOI'O BiI[XI/IJ'ICHHSI Ta

Series «Mediciney. Issue 45

koedimieHT Bapiarii I PO3PaxyHKOBOL
entpomnii nociigoBHocredt JIHK, ockinbku y
HAac OJHOpigHa Trpymna namieHTiB. Kpim toro,
e TpaBWIO  ONTHUMI3Allli  3MEHIIMIO
CaMOBILTUB Jcriepcii YHCIIOBOTO
JekoayBaHHA. Y Ta0n. 3 MW HaBemeMo pi3Hi
YUCIOBI  pO3MHMQPOBKH  IOCTiTOBHOCTEH
JHK Tta ix 3Ha4YeHHs eHTpomii, cTaHAapTHI
BiJIXHJICHHS Ta KOS(illieHTH Bapiartii.

Tabmuug 3
Table 3
Yuciaose konyBanns nocainosuocreii JJHK i Binmosinne ENRE,
cTaHAapTHe BinxwieHHs i koedimienT Bapianii ENRE
Numerical decoding of DNA sequences and correspondent EnRE,
standard deviation and coefficient of variation of EnRE
CrangapTHe ..
Hinouuceasnuii kog JHK Cep‘e g Bi/IXHJIeHHSA Ko.e q)l.IPCHT
enTpomnist ENRE Bapiaunii (CV)
EnRE
A=1,C=2,G=3,T=4 or A=4,C=3,G=2,T=1 1.205 0.030 0.025
A=2,C=1,G=3,T=4 or A=3,C=4,G=1,T=2 1.254 0.036 0.029
A=3,C=4,G=2,T=1 1.241 0.034 0.027
A=1,C=4,G=3,T=2 1.235 0.043 0.035
A=1,C=3,G=4,T=2 1.221 0.040 0.033
A=1,C=3,G=2,T=4 1.211 0.033 0.027
A=1,C=2,G=4,T=3 1.223 0.039 0.032
A=-2,C=-1,G=1,T=2 1.430 0.023 0.016
(n3eprasibHa CHMETPIst 32 MOJIYJIEM )
A=, C=-2, G=1, T=2 1.470 0.022 0.015
(TpaHcsiiliHAa CUMETPIT 32 MOTyIIEM)

MoHa CTBepJKyBaTH, IO 3a BIACTH-
BocTsiMH ENRE Oyzp-sika cumerpuyHa 3MiHa
[IJIOYNCENBHOTO JIGKOAYBAHHS J]a€ OJTHAKOBE
3HaueHHs ENRE (muB. mepmi nBa psaxu
Taby. 3); TUIBKM OJHE  MIiHIMalbHE 1
CUMETpPHYHE YHCIIOBE JCKOJYBaHHS OJIU3BKO
HYJISI ]a€ MaKCUMYyM €HTPOIIiT 1 MiHIMyM ISt
CTaHIAPTHOTO BIIXWJIEHHS EnRE i
koedimieHT Bapiamii (BHIIICHHH >KUPHUM
mpudToM B Ta0II. 3). TaKUM YMHOM, YHCIIOBE
JIEKOJTyBaHHsI JIOBUIBHOCTI Oylio TpuOpaHo
TINBKH OJIHIEI0 MOIJIMBOIO IUIOYHCETHHOIO
KOMOiHaIi€1o.

CmepmHuicme nayicumie 3 JeliKkeMiclo.
Enrtponis ENRE Oyna po3paxoBana juisi Beix
XBOPHX Ha JIEMKEMil0 IMICJIs ONTUMAabHOTO
[IJIOYNCENTFHOTO  JIEKOTyBaHHS, CTBOPEHOTO
rpymoro cumetpii tpancisii (A = -1, C = -2,
G=1T=2).
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A. Meodianni zpynu. Bci mamieHTHn Oynu
po3minieni wmemianoro ENRE =147 mnHa 2
TpyIH:

1. T'pyna ‘1°, 58 nmanientiB, ENRE Hiokue
MeIiaHu;

2. I'pyma
MelaHu.

Pesynprar anamizy BmxuBaHHs Karurana-
Meiiepa HaBeneHo Ha puc. 2. Bcei 3aranbpHi
MOPIBHSHHS [TOKa3yIOTh CTAaTUCTUYHY
3Haunmicte: p=0,015 m1a1 Log Rank
(Manrens-Kokc); p=0,002 gms bpecnoy
(y3aranbHenuit Binkokcon); p = 0,003 s
Tarone-Ware. CepenHi Ta MemiaHu JUIs
XBOPUX Ha JICWKEMII0 Ha 4Yac BHXUBAHHS
HaBeaeHl B Tabiu 4.

3

2’, 59 mamienriB, ENRE Buie
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Fig. 2. Kaplan-Meier survival plot for median groups

Ta0muus 4
Table 4
CepeaHi Ta MeiaHu ISl Yacy BUKMBAaHHS (MeiaHHI rpynn)
Means and Medians for Survival Time (median groups)

Cepenni® Menianu

95% Confidence Interval 95% Confidence Interval

Std. Lower Upper Std. Lower Upper
quartl 2 Estimate  Error Bound Bound Estimate  Error Bound Bound
1.00 76.409 9.208 58.361 94.456 59.367  12.743 34.391 84.343
2.00 114.301 9.257 96.157 132.445  93.867 9.477 75.291 112.442
Overall 95.520 6.738 82.313 108.726  82.767 5.802 71.395 94.138

a. Oyinka obmecena HaiGinbuum 4acom GUdICUAHHS, AKUO 60HA NIOOAEMbCS YeH3VPi

Pesynprar  MopenmOoBaHHS — BHIKHBAHHS 3. I'pyma ‘1’, 29 mamienriB, ENRE <
Kokc-perpeciii  HaBemeno Ha pwuc. 3. Bci 1.448, ToOT0 HIDKYE 1-TO KBApTHIIS;
3arajibHi OPIBHAHHS MOKa3yIOTh CTATHCTUY- 4. T'pyna ‘4’, 29 nmnamientiB, ENRE >

Hy 3HauumicTh: p = 0,015 nns OMHIOyCHOTO
TeCTy MopelbHUX Koediumientis; p = 0,016
Ui 3MiHHMX Yy piBHgHHI 3 ‘-2 Log
Likelihood’=862.2.

3nauenns Exp(B) mwis moodenvroi sminnol

MoKa3ye, 1o Hebe3meKa CMepTi IS TalieHTa
3 ENRE amx4e menianu B 1,556 pasu 6inbIie,
Hixk y namienta 3 ENRE nonan menianoro.

b. 1-i i 4-u keapmini. CdopmoBaHO
2Tpynd  XBOpMX  BiAMOBiZHO 10  iX
MPUHANIEKHOCTI 10 1-T0 Ta 4-r0 KBapTHIIIB!
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1.490, ToOTO BHIIIE 4-TO KBAPTHUIISL.

Pesynbrar anamizy BmwxkuBaHHs Karana-
Maiiepa HaBeneHo Ha puc. 4. Bcei 3arambhi
MOPIBHIHHS MOKa3yIl0Th CTaTUCTUYHY
sHauuMmicth: p =0,005 mis Log Rank
(Manrens-Kokc); p=0,003 gms bpecnoy
(y3aranpHenuit Binkokcon); p = 0,003 mis
Tarone-Ware. CepenHi Ta MemiaHu JUIs
BI)KMBaHHs XBOPHX Ha JIEHKEMil0 HaBe/ICHI B
Tabaui 5.
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Cepenni Ta mexianu s BuskuBanus (1-i Ta4-it kpapranau)

Tabmuus 5
Table 5

Means and Medians for Survival Time (1% and 4™ quarterlies)

Cepemni? Meniana
95% Confidence 95% Confidence
Interval Interval
Std. Lower Upper Std. Lower Upper
quartl 4 Estimate Error Bound Bound Estimate Error Bound Bound
1.00 78.600 11.619 55.826 101.374 72.133  12.325 47.977 96.290
4.00 129.603 11.329  107.398 151.809 106.233  22.156 62.808 149.659
Overall 104.549 8.731 87.436 121.663 90.367 5.338 79.904 100.829
a. Oyinka obmedicena HaudIILWUM YACOM BUINCUBAHHS, KUO BOHA NIOOAEMbCA YEH3YPL
Pesynprar MOIEedrOBaHHS ~ BUXKUBaHHA OMHIOyCHOTO TECTy MOZEJIBHUX
Koxkc-perpeciii HaBemeHo Ha pwuc. 5. Bci koedimientis; p = 0,005 pmng 3MiHHEX Yy
3araibHi MOPiBHSHHS MOKa3yI0Th piBasHHI 3 ‘-2 Log Likelihood ‘=345 4.
CTaTUCTHYHY 3HauuMicTh: p = 0,005 mms

Survival Function for patterns 1 -4
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Fig. 5. Cox Regressions survival plot (1 and 4™ quarterlies)

quart1_4

—11.00
—14.00

3nauenns Exp(B) mwis moodenvroi sminnol

MoKa3ye, 1o Hebe3nmeKa CMepTi IS TalieHTa
1-ro enTpomniiiHOro KBapTHIS (HAWHWKYHMNA
EnRE) nopiBaioe 2,143 pasu Oinblie, HIXK Y

V3aranbpHeHa (Gopma OIiHIOBaYa E€HTPOIT
(3), sxa Oyna eheKTHBHO BHUKOPHCTaHA JIs
o0unCIeHHS 3HAU€Hb EHTpOITii JUTST
PI3HOMAHITHUX  BUIAJIKOBHX  PO3IOALIIB
3amporoHOBaHa B JIaHiil
poboti mis nociigoBuocter JIHK nepenukoi

narieHra 4-ro  eHTPOMIHHOTO  KBapTHIIS (Tabmn. 1-Tab. 2),
(matiBumuii ENRE).

< .
BUCHOBKH nosxunu (N < 1000)

20



ITapameTpu B y3araabHEHOMY BHTJISIL JJIS
pobactHoOro ouiHOBaua eHtpomii (3) Oymu
BUBE/ICH] 3 HACTYITHUX KPUTEPIiiB:

1. TouHe HaOMMKEHHS 9  JESIKUX
BiTOMHX (DYHKIIIH PO3MOALTY HMOBIpHOCTEH;

2. nesanexHicte ENRE  Bim N mis
MTOYATKOBUX YaCOBUX PSIIB 1 IS CEPii MCA
COPTYBaHHS;

3. Hesanexuicte ENRE Bim agurusHOI
3MiHHU CEpeTHHOTO 3HAYCHHSI.

BaxxnuBumu XxapakTepucTuKaMu 3Haije-
Hoi  y3arampHeHoi  ¢opmm  ENRE i
Koe(iITieHTIB €:

1. dopma 3anucy (3) i 3HaineHi Koedimi-
eartu |, m, k 3a06e3meuyioTh HE3aIEKHICTh Bi
aJUTUBHOT 3MIHU CEpeIHIX psAIiB 1 BiA
BennuuHU BUAUTeHHS N ams 6a30BuUX psimiB i
JUTSI PSUTIB TTHCTISL COPTYBaHHS,

2. 3HadenHs ENRE ugytmme no crpyk-
TYpHHX 3MiH PsIiB, TakuX SsIK, HalpUKIAal,
COPTYBaHHs, SIK€ 30UIBIIYE CTYIiHb HOPSIIKY
MOCIiI0BHO, 3MeHITytoun ENRE;

3. 3nauenHss ENRE ugytnmBe mo 3wmiHm
MOJIOKEHHST HYKICOTHAIB Yy TOCIiAOBHOCTI
JHK;

4. xoedimieHT  mepeHaNaroKeHHs A
CaMOCTIHHO  MOXeE  3HagoOMTHCS  JUIS
3HAaXOJ/DKCHHs Kpamioro 3HaueHHs ENRE B
IHIIIOMY JTiarta3oHi 3MiHH MapaMeTpiB pi3HUX
BUTAJKOBHUX PO3MOJUTIB, IO 3aBXKIA MOXHA
3poOUTH 32 JOMMOMOTOI0 METOy HAWMEHIIIHX
KBaJIpaTiB.

BukopucTOBylOUM 3ampoONOHOBaHY Yy3a-
raabHeHy (¢GopMy poOacTHOTO OIliHIOBaYa
entponii (3) mns 0asW JaHWX MAIiEHTIB 3
neiikemiero UB, mpoaeMOHCTPOBaHO BHUKO-
pucranas ENRE 3 xopoTkumm  mocii-
noBHocTsimu JIHK nmoist ananizy cMepTHOCTI
narieHTa:

A. Ipynu, po3dineni 3a medianoio.
OO0unBa aHa3M — a”ajli3 BWKUBAHHA
Kannana-Meiiepa Ta MOZIENIOBaHHS BHUXKU-

CIIMCOK JITEPATYPH

Series «Mediciney. Issue 45

BaHHs Kokc-perpeciii, Mokazamm cTaTHc-
TUYHO 3Hauymli pesynasTatu st p < 0,05.
3nauenns EXp(B) mns  3minnoi  mooeni
perpeciii  Kokca mokasye, mo HeOesmneka
cMepTi At nartieHTiB 3 ENRE Hmwkue memianu
B 1,556 paswm Buie HiX 114 mMamieHTis 3 ENRE
Bume 3a wMemiany. Cependiit dac Tmicist
niarHosy a0 cmepti y 1,496 pasu Oinbiue ams
narienTtiB 3 ENRE monan meniany mopiBHSHO
3 rranienramu 3 ENRE Hmxue memianm.

b. I'pynu xeopux ¢popmyromsca 3 1-20 i
4-20 keapmunie. OOWIBa aHATI3W — aHAII3
BWO)KMBaHHS Kannana-Meliepa Ta
MOJIeNIOBaHHsT BrkuBaHHS Kokc-perpecii,
MOKa3alli CTATHCTHUYHO 3HAUYIIl pe3yibTaTH
st p<0,005 3uayenns Exp(B) s
MOOenbHOI 3MIHHOI TIOKa3ye, 10 Hebesmeka
CMEepTi JUIs MAIli€HTiB 1-T0o KBapTHIISA EHTPOMIT
(maitamxunit ENRE) B 2,143 pasu Oinbie,
HDK y mamieHTa 4-ro KBapTHIS EHTPOMil
(naiBummit  ENRE). Cepenniii wac micis
JliarHo3y a0 cMepTi y 1,649 pasu Ounblie s
MAIiEHTIB 4-TO KBapTHIIS EHTPOMIl TOPiBHSIHO
3 MarieHTaMu 1-ro KBapTHIIs €HTPOITi].

TakuM 9wHOM, TIepeXxiJ BiJ PO3MIHPEHUX
IO MEHIIMX TPyl TMalieHTiB 3 OuIbIIO0
pizauneto 'y EnNRE minTBepamB yHikanbHe
3HaueHHs eHTpomii mnocmigoBHocTeit JIHK
JUTsl BH3HAYEHHS CMEPTHOCTI TMAIli€HTIB 3
neiikemiero. Ile 3HAYeHHS CTATUCTUYHO
JIOBEJICHO TIJIBUINCHHSIM HeOe3MmeKku Jist
XBOPHX Ha JICHKEMII0 3 MEHIIOK EHTPOIIE0
nocmgoBuocteit JJHK.

MaiiOyTHe  MPOJOBXKEHHS Cy4aCHHUX
JOCITI/PKEHb TIOJNSATae 'y BKIIOYSHHI OLTBII
PI3HHX TPYIl TMAaIi€HTIB I JTOCIIIKEHHS
BW)KMBaHHS ~ MAallieHTa y  3B’S3Ky 3
nociizoBHicTio entponitinoi JIHK, a takox
13 3aTyYCHHSIM 1HIIUX METO/IB (PPaKTaIbHOTO
aHamizy mnociigoBHoctedt JIHK, Ttakux sk
¢pakTambHa po3MipHICTE ab0 00OPOTHICTH
MOCIIIIOBHOCTEM.
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ENTROPY OF DNA SEQUENCES AND LEUKEMIA PATIENTS MORTALITY

Martynenko O. VACPEF Pastor X. DABEL, Frid S. ABF, Gil J. R.BF, Maliarova L. V.BF
A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D —
writing the article; E — critical revision of the article; F — final approval of the article.

Introduction. Deoxyribonucleic acid (DNA) is not a random sequence of four nucleotides combinations:
comprehensive reviews [1, 2] persuasively shows long- and short-range correlations in DNA, periodic
properties and correlations structure of sequences. Information theory methods, like Entropy, imply
quantifying the amount of information contained in sequences. the relationship between entropy and patient
survival is widespread in some branches of medicine and medical researches: cardiology, neurology, surgery,
trauma. Therefore, it appears there is a necessity for implementing advantages of information theory methods
for exploration of relationship between mortality of some category of patients and entropy of their DNA
sequences.

Aim of the research. The goal of this paper is to provide a reliable formula for calculating entropy
accurately for short DNA sequences and to show how to use existing entropy analysis to examine the
mortality of leukemia patients.

22
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Materials and Methods. We used University of Barcelona (UB) leukemia patient’s data base (DB) with
117 anonymized records that consists: Date of patient’s diagnosis, Date of patient’s death, Leukemia
diagnoses, Patient’s DNA sequence. Average time for patient death after diagnoses: 99 + 77 months. The
formal characteristics of DNA sequences in UB leukemia patient’s DB are: average number of bases
N =496 + 69; min (N) = 297 bases; max(N) = 745 bases.

The generalized form of the Robust Entropy Estimator (EnRE) for short DNA sequences was proposed
and key EnRE futures was showed.

The Survival Analysis has been done using statistical package IBM SPSS 27 by Kaplan-Meier survival
analysis and Cox Regressions survival modelling.

Results. The accuracy of the proposed EnRE for calculating entropy was proved for various lengths of
time series and various types of random distributions. It was shown, that in all cases for N = 500, relative error
in calculating the precise value of entropy does not exceed 1 %, while the magnitude of correlation is no
worse than 0.995.

In order to yield the minimum EnRE standard deviation and coefficient of variation, an initial DNA
sequence's alphabet code was converted into an integer code of bases using an optimization rule for only one
minimal numerical decoding around zero.

Entropy EnRE were calculated for leukemia patients for two samples: 2 groups divided by median EnRE =
1.47 and 2 groups of patients were formed according to their belonging to 1% (EnRE < 1.448) and 4" (EnRE >
1.490) quartiles. The result of Kaplan-Meier survival analysis and Cox Regressions survival modelling are
statistically significant: p < 0,05 for median groups and p < 0,005 for patient’s groups formed of 1% and 4%
quartiles. The death hazard for a patient with EnRE below median is 1.556 times that of a patient with EnRE
over median and that the death hazard for a patient of 1% entropy quartile (lowest EnRE) is 2.143 times that of
a patient of 4™ entropy quartile (highest EnRE).

Conclusions. The transition from widen (median) to smaller (quartile) patients’ groups with more EnRE
differentiation confirmed the unique significance of the entropy of DNA sequences for leukemia patient’s
mortality. This significance is proved statistically by increasing hazard and decreasing of average time of
death after diagnoses for leukemia patients with lower entropy of DNA sequences.

KEY WORDS: entropy, DNK sequence, patients surviving, leukemia
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LARGE FAMILY GENETIC ANALYSIS: EFFECTS OF
VARIEGATED PORPHYRIA AND HEMOPHILIA B ON
REPRODUCTIVE TRAITS
Dorofieieva V. 8 <P Fedota O. #&F

A — research concept and design; B — collection and/or assembly of data; C — data analysis and
interpretation; D — writing the article; E — critical revision of the article; F — final approval of the article

Introduction. The relevance of the study of genetic pathologies is due to the growing prevalence in most
countries, disability and mortality of persons, high costs of support and treatment. The modern classifications
include various forms of porphyria and hemophilia. The study of pathologies in historical persons, when it is
possible to collect information from different sources regarding members of a large family over a long period
of time, is of interest for understanding the mechanisms of the development of the disease at the present time.

Aim is to analyze the genetic characteristics of variegated porphyria and hemophilia B in a large family.

Materials and methods. Data from current guidelines and clinical protocols, scientific literature and
genetic databases (OMIM) on various forms of porphyria and hemophilia are analyzed. Information about
1362 people from the British royal family in 18-20™ centuries was collected from open sources and scientific
literature. A pedigree of 10 generations, 27 nuclear families with persons with variegated porphyria and
hemophilia B has been compiled. Genealogical, segregation, linkage, statistical analysis was performed. The
results were used to study reproductive traits.

Results. Genealogical analysis showed a family accumulation of porphyria — its prevalence among
relatives in a large family was 1,8 %, which is three orders of magnitude higher than among the population of
different countries. It was established that there is no statistically significant difference in the sex ratio among
patients with the specified pathologies. Data from genealogical and segregation analysis and a penetration rate
of 92 % suggest an autosomal dominant type inheritance with incomplete penetrance of disease which is
consistent with the literature. The independent nature of inheritance of variegated porphyria and hemophilia B
was established. It was found that in persons with porphyria reproductive traits are 3,3—4,1 times differ than
the reproductive traits of persons with porphyria and hemophilia at the same time. A statistically significant
difference was established between the analyzed traits of patients with porphyria, who at the same time are
carriers of the mutation that causes hemophilia, and the indicators of healthy individuals.

KEY WORDS: variegated porphyria, hemophilia B, large family tree, genealogical analysis, reproductive
traits
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nosological units in Ukraine that require

INTRODUCTION almost constant care and significant material

Research on genetic pathologies is and moral resources. For example, the State
especially relevant, as their prevalence is Budget of Ukraine for 2022 provides UAH
increasing in many countries, they lead to 300 million for the treatment of children with
disability, mortality, require high costs for spinal muscular atrophy which is enough for
maintenance and treatment [1, 2, 3]. There are 5 patients, but there are more than 200 of
currently more than 250 monogenic them in Ukraine [4, 5]. As a rule, in most
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monogenic pathologies, pleiotropic effects of
genes are noted with affects the
cardiovascular, respiratory, endocrine,
reproductive and other systems. Therefore,
the research of these pathologies is especially
relevant for primary prevention and formation
of risk groups. It is expected that the number
of patients with monogenic pathologies will
increase over time. Among the groups of
these diseases, among monogenic
pathologies, modern classifications include
various forms of porphyria and hemophilia
[6, 7].

Porphyria belongs to a group of genetic
diseases associated with impaired heme
biosynthesis and the accumulation of its toxic
metabolites. As a result of a defect in the
activity of one of the enzymes of the cycle
there is a partial blockage of a certain stage of
heme synthesis, which is accompanied by
accumulation in toxic concentrations of
porphyrin metabolism metabolites, leading to
damage to all nervous systems and anemia.
The incidence in the world is 1:10,000
population. Asymptomatic carrier of the
mutation — 1:1000 people. More common in
Northern Europe [8-12].

The pathogenesis of clinical
manifestations in acute hepatic porphyria is
due to the involvement of the autonomic
nervous system. Damage to the skin in
porphyria is associated with increased
sensitivity to sunlight due to the accumulation
of porphyrins in the skin. There are a number
of risk factors that can transport latent
porphyria to the clinical stage: starvation;
infections; alcohol; some drugs; cyclic
changes in the hormonal profile in women;
insolation [13, 14, 15].

Modern classification of porphyrias
include 8 forms [16]. The clinic of porphyria
is clear and polymorphic. According to the
clinical course of porphyria can be divided
into 2 groups: 1. With a predominance of
neurological disorders: porphyria due to
deficiency  of  &-aminolevulinic  acid
dehydratase (ALAD gene, AR-type of
inheritance (TI)), acute intermittent porphyria
(HMBS gene, AD-TI), hereditary
coproporphyria  (CPOX gene, AD-TI),
variegated porphyria (HFE, PPOX genes,
AD-TI); 2. With predominant skin lesions:
congenital erythropoietic porphyria (UROS
gene, AR-TI), erythropoietic protoporphyria
(FECH gene, AD-TI), late -cutaneous
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porphyria (UROD, HFE genes, AD-TI) [17-
21]. Diagnosis of porphyria consists of
history taking, analysis of the clinical picture
with  3-4main symptoms, biochemical
diagnosis and DNA testing [22, 23]. To date,
there are no treatments that successfully,
effectively and sustainably correct impaired
porphyrin metabolism. Therefore, in most
cases, pathogenetic therapy is used. Modern
treatment includes: excretion of toxic
complexes with heavy metal ions; excretion
of excess porphyrin from the person’s body;
restoration of functional capacity of the
erythropoietic system and liver; protection of
the skin from the sun to eliminate the
photodynamic effect [24, 25].

Variegated porphyria (porphyria
variegate) belongs to the group of hepatic or
acute porphyria. This pathology can be
manifested by violations of the integrity of
the skin, increased photosensitivity with
blistering, increased trauma to the skin with
subsequent scarring and hyperpigmentation.
The incidence in the world is about
1,3:100,000 population [26]. It has been
known in Great Britain since the time of
Mary Stuart and James |. The most famous
historical figure with this disease is George
111, King of Great Britain and Ireland [11].

Hemophilia is a genetic disease of the
hemostasis system characterized by decreased
or impaired synthesis of coagulation factors
VIl (hemophilia A), IX (hemophilia B), XI
(hemophilia C). Hemophilia is inherited by a
recessive trait linked to the sex X
chromosome, the same type of hemophilia
and the same severity of the disease are
inherited. In the general population of
patients with hemophilia 30-40 % of cases
are sporadic hemophilia caused by
pathological gene mutations [27]. Hemophilia
A is more common occurring in 1:5000 male
births, where as hemophilia B occurs in
1:30000 male births. Hemophilia is found in
all ethnic groups; there is no geographic or
racial predilection [28]. 2569 patients with
hemophilia and Willebrand’s disease were
registered in Ukraine, 667 of them (27 %)
were children [29].

Diagnosis of hemophilia is based on the
use of screening tests; confirmation of the
diagnosis by determining the level of blood
coagulation factors and genetic analysis [30].
The most characteristic and specific symptom
of hemophilia is hemorrhage to large joints —
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hemarthrosis  [31]. Different types of
hemostatic agents and coagulation drugs are
available for the treatment of hemophilia.
Coagulation factor concentrates (CFC) are the
best treatment for patients with hemophilia
[30].

The study of pathologies in historical
persons, when it is possible to collect
information from different sources regarding
members of a large family over a long period
of time, is of interest for understanding the
mechanisms of the development of the
disease at the present time.

OBJECTIVE

The aim of the study is to analyze the
genetic characteristics of variegated porphyria
and hemophilia B in a large family.

MATERIALS AND METHODS

Characteristics of sources on porphyria
and hemophilia

Information from scientific literature
sources and the OMIM genetic database on
genes and mutations associated with
variegated porphyria (OMIM 176200) [32]
and hemophilia B (OMIM 306900) [33] and
other traits was studied. The data of modern
recommendations and clinical protocols,
scientific literature on various forms of
porphyria and hemophilia are analyzed
[20, 34].

Characteristics of the individuals

Much historical and medical literature on
members of the British royal family in 18—
20" centuries has been studied [11, OMIM].
Information about the members of the large
family was obtained from open sources and
scientific literature. Data about 1362 persons
of a large family, the British royal family,
was collected. A pedigree consisting of
10 generations, 27 nuclear families with
persons with hemophilia B and variegated
porphyria was compiled and analyzed.
Information on quantitative and qualitative
characteristics of persons were collected: sex,
years and life expectancy, data on children,
diseases, gynecological history, reproductive
traits.

Ethics statements. Patient consent for
publication — not applicable. Ethics approval
— not applicable.

Genealogical analysis

A large genealogical tree of the ruling
dynasties of Great Britain was built, starting
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with George Il and Charlotte Mecklenburg-
Strelitzka (18th century). The prevalence of
variegated porphyria in the studied family
was assessed and the family accumulation of
the disease was monitored. Data on the
prevalence of variegated porphyria in
European countries were obtained from the
OMIM database.

Segregation analysis

Weinberg’s formula was used to calculate
the segregation frequency (SF) and its
standard error (SsF):

SF=(A—N)/(T—N),

SsF=,/SF(1- SF) /(T - N),

where A — the total number of persons in the
sample;

N — number of families;

T — the total number of children in the
sample.

Penetration index was estimated as the
ratio of the number of persons in whom the
phenotypic manifestations of the analyzed
allele were observed to the total number of
persons in whom the analyzed allele is
present in the required number of copies for
the phenotypic manifestation [35].

Linkage analysis

The analysis of linkage of variegated
porphyria and hemophilia was performed by
study the compliance of the distribution of
these traits in the analyzed pedigree with
Mendelian  patterns  of  independent
inheritance of traits [35].

Statistical analysis and Software

Statistical ~ analysis to verify the
compliance of the nature of the distribution of
traits with the Mendelian model of

inheritance was performed using the criteria
Fisher’s o-transformation and criteria 2.
Calculations were performed and databases
were created using Microsoft Excel software
of Windows 10 Pro operating system, AMD
Ryzen 3 3200U with Radeon Vega Mobile
Gfx 2.60 GHz processor, conductor code:
00330-50000-00000-AAOEM.

Connection with scientific topics

The work was carried out as part of the
research project «Genetic prerequisites for the
development and correction of genetic
pathology at various stages of human and
animal  ontogenesis»  (state  registration
number 0119U102493, 2019-2022) of the



School of Medicine of V. N. Karazin Kharkiv
National University.

RESULTS AND DISCUSSION

Variegated porphyria in the British
royal family. Porphyria has been known in
Britain since the time of Mary Stuart and
James |, but the most famous case in the
history of the country is George Il — King of
Great Britain and Ireland [11]. On the
example of King George Il (04.06.1738-
29.01.1820) the literature presents typical
manifestations of variegated porphyria. The
King showed the following signs of illness:
hypersensitivity to sunlight, sounds and
touch, abdominal pain and colic, nausea,
constipation, rheumatism, lameness, profuse
sweating, frequent pulse, skin rash, red,
orange, brown or purple urine, blindness,
deafness, sleep problems, dementia. Attacks
of the king’s illness were noted at least
4 times: in 50, 62, 65, 72 years. He died at the
age of 81 [11, 36, 37].

HemophiliaB in the British royal
family. Hemophilia is also called the royal
disease because of the most famous carrier of
the mutation that causes hemophilia, Queen
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Victoria. She had 9 children and because of
her off springs, hemophilia spread to other
royal houses [38]. A number of cases of
increased trauma and subsequent fatalities
associated with hemophilia in males among
members of the British royal family have
been reported. For example, Friedrich of
Hesse-Darmstadt, the grandson of Queen
Victoria, died of internal bleeding after
falling out of a window due to hemophilia at
2 years old [39].

Genealogical analysis of variegated
porphyria in a large pedigree. A large
genealogical family of Great Britain was
built, starting with George Il and his wife,
Charlotte Mecklenburg-Strelitz. A genealogi-
cal analysis of a large pedigree with
porphyria, from 1362 people, 10 generations.
Particular attention was paid to persons and
probably persons with variegated porphyria,
persons with hemophilia B and carriers of
mutations that cause this disease. Fig. 1 and
fig. 2 demonstrate examples inheritance in
families a large pedigree with persons with
variegated porphyria, persons  with
hemophilia B and carriers of mutations that
cause this disease.

Q_

Fig. 1. Example of a fragment of a large pedigree 1

A (1O 0

000 #O 0 H;—a 0 0-0 4 00O B

Fig. 2. Example of a fragment of a large pedigree 2
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It was found that the prevalence of
variegated porphyria in the studied family is
1.8 %, which is 3 orders of magnitude less
than in different countries, where it is
0.0013 %, [40] thus in the analyzed family
there is a familial accumulation of the
disease. Analysis of a sex ratio among
persons in a large family is demonstrated in
table 1.

Analysis of a sample of persons or

porphyria revealed individuals of both sexes
in a large pedigree and showed that the ratio
of women to men with porphyria was
3,1%:29%, or 1:1, p=>0,05 which is
probably in favor of the autosomal model of
inheritance.

It was established that also there is no
statistically significant difference in the sex
ratio among patients with the specified
pathologies.

probably persons (n=25) for variable
Table 1
Analysis of the sex ratio among persons in large family
Relatives
Women, n (%) Men, n (%) Total, n (%)
387 (46) 453 (54) 840 (100)
Of them, porphyria is sick, or probably sick
12 (3,1) ‘ 13 (2,9) ‘ 25 (3,0)
Of them, porphyria is sick
4(1,0) \ 10 (2,2) \ 14 (1,7)

Among them, persons with porphyria and are carriers of the mutation that causes
hemophilia at the same time

4(1,0) | 0 (0) | 4(0,5)
Among them are carriers of the mutation that causes hemophilia
4(1,0) | 0 (0) | 4(0,5)
Among them are persons with hemophilia
0 (0) | 12 (2,7) | 12 (1,4)

Segregation analysis. The results of

of inheritance. According to our results of

segregation analysis demonstrated in the segregation and genealogical analysis,
table 2 showed that for variegated porphyria variegated porphyria has a type of inheritance
it is possible to accept the hypothesis of — autosomal dominant with incomplete
multiple, both dominant and recessive types penetrance.
Table 2
Segregation analysis within the studied pedigree
Number of
Phenotype | Number of | Number of affected SF mSF SFd SFr p
of parents families children .
children
N*N 2 10 4 0,25 0,15 0 0,25 > 0,05
N*A 9 45 18 0,25 0,15 0,5 0,5 > 0,05

Notes: N - one parent is healthy, A - one parent is affected, SF - empirical segregation frequency, mSF - its standard

error, SFd, SFr - theoretically expected segregation frequencies, p - significance level.

According to OMIM, variegated porphyria
may be an autosomal dominant trait found in
approximately half of the offspring of adult
persons and caused by mutations in the PPOX
gene (Protoporphyrinogen oxidase, OMIM
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600923), [26,41] which is localized in
1g23.3. Fig. 3 demonstrates the manifestation
of porphyria in a nuclear family from a large
pedigree.
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Fig. 3. The fragment shows the manifestation of porphyria in a nuclear family from a large pedigree

Determination of the penetrance of the
mutation that causes variegated porphyria

According to the analysis of a large
pedigree, the penetrance of the mutation was
92 %. Fig. 4 demonstrates a fragment of a
large pedigree with an obligate heterozygote
without clinical symptoms of porphyria in a
nuclear family from a large pedigree.

In addition to the PPOX gene, other genes
that may affect the development of porphyria,
such as the HFE gene (Homeostatic iron

regulator, OMIM 613609), have been
described [42, 43]. Its effect may explain
incomplete penetrance. The HFE gene,
located in 6p22.2, affects the following
phenotypes: Alzheimer disease, susceptibility
to; microvascular complications of diabetes 7;
porphyria cutanea tarda, susceptibility to;
porphyria  variegata, susceptibility to;
transferrin serum level QTLZ;
hemochromatosis.

b e
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Fig. 4. A fragment of a large pedigree demonstrates the presence of an obligate heterozygote without

clinical symptoms of porphyria

Estimating of linkage of variegated
porphyria and hemophilia B in a large
family

The results of the analysis of the
association of porphyria and hemophilia B in
nuclear families with 6-9 off springs from a
large pedigree allowed to reject the
hypothesis of their possible linkage, p =
0,918-0,608. Fig. 5 demonstrates examples
nuclear families and persons with porphyria
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and carriers of a mutation that causes
hemophilia at the same time. But the
independent distribution of pathological signs
does not exclude the possibility of
influencing the interaction of non-allelic
genes on the nature of the manifestation and
degree of manifestation of clinical signs of
disease, which was studied by analyzing the
reproductive parameters of persons with
porphyria and hemophilia.
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Fig. 5. Nuclear families with persons with porphyria and hemophilia
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Analysis of reproductive traits of The analysis of reproductive traits of 4
persons with variegated porphyria and groups of persons from a large family with
hemophilia B different pathologies is demonstrated in

table 3.
Table 3
Reproductive traits of persons with porphyria, hemophilia, porphyria and hemophilia at the same time
Reproductive traits of persons with different pathologies
Porphyria Porphyria
Parameters + Hemo- | Hemophi- | Hemo- | Healthy
Men Women Total philia lia carrier philia
carries
Persons, n 10 4 14 4 4 12 12
Average life expectancy,
v 60,4+5,7 | 69,3+5,3 | 64,8+1,7 | 55,5£9,9 | 88,0+3,3 | 22,1+4,3 | 69,0+£3,1
X i S *%
years, X
Pregnancnesr;m spouses, | 4, 7 39 29 18 3 46
Pregnancies per person,
] T+ 5 3,2£1,5 1,8+1,1 2,5+0,7 7,3+0,9 45+1,0 | 0,25+0,2 | 3,8+0,7
in spouses, n,”" — “x **
Reproductive Ios*ses, in 3 0 3 0 2 0 5
spouses, n
Reproductive losses per
Person, I Spouses, n, | 0,3+0,2 0 0,2+0,2 0,0 0,5+0,3 0 0,4+0,2
xi SE *%x
0-18 years, n 30 7 37 29 16 3 41
0-18 years
perperson,n, |\ 30+1,5 | 1,8+1,1 | 2,6+1,1 | 7,3£0,9 | 4,040,7 | 0,25+0,2 | 3,4+0,7
X i Sf *%k
Children 5.~ ears, n 24 7 31 24 14 3 38
18+ years per
_person, n, 24413 | 1,8+1,1 | 2,2+0,9 | 6,0+1,6 35+41,0 | 0,2540,2 | 3,2+0,7
X i SE *%

Notes: *Reproductive losses include: miscarriage, spontaneous loss of a pregnancy, stillbirth.** xt SE — mean

value + standard error.
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The analysis of reproductive traits of
14 persons with porphyria from a large family
showed that with an average life expectancy
of 64,8+ 1,7 years of persons, the average
number of pregnancies per person was
2,5+0,7, reproductive losses — 0,2+0,2.
Number of children born — 37, children over
18 — 31, the average number of children born
per person — 2,6 +1,1, children over 18 —
2,2+0,9.

The analysis of reproductive traits of
4 persons with porphyria and carriers of a
mutation that causes hemophilia at the same
time showed that with an average life
expectancy of 55,5 = 9,9 years of persons, the
average number of pregnancies per person
was 7,3+0,9, reproductive losses — O.
Number of children born — 29, children over
18-24, the average number of children born
per person — 7,3+0,9, children over 18 —
6,0+ 1,6.

The analysis of reproductive traits of
4 persons carriers of a mutation that causes
hemophilia showed that with an average life
expectancy of 88,0 = 3,3 years of persons, the
average number of pregnancies per person
was 4,5 + 1,0, reproductive losses — 0,5+ 0,3.
Number of children born — 16, children over
18 — 14, the average number of children born
per person — 4,0+0,7, children over 18 —
3,5+1,0.

The analysis of reproductive traits of
4 persons with hemophilia showed that with
an average life expectancy of 22,1 + 4,3 years
of persons, the average number of
pregnancies per person was 0,25+0,2,
reproductive losses — 0. Number of children
born — 3, children over 18 — 3, the average
number of children born per person —
0,25 £ 0,2, children over 18 — 0,25 £ 0,2.

The analysis of reproductive traits of
12 healthy persons from a large family
showed that with an average life expectancy
of 69,0+ 3,1 years of persons, the average
number of pregnancies per person was
3,8+ 0,7, reproductive losses — 0,4+0,2.
Number of children born — 41, children over
18-38, the average number of children born
per person — 3,4+0,7, children over 18 —
3,2+0,7.

Due to the analysis of reproductive traits
of persons with porphyria, hemophilia,
porphyria and hemophilia simultaneously, it
was found that in persons with porphyria
reproductive traits are statistically
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significantly differ by 3,3-4,1 times than the
reproductive traits of persons with porphyria
and hemophilia at the same time, p = 0,0021.

A statistically significant difference was
established between the analyzed traits of
patients with porphyria, who at the same time
are carriers of the mutation that causes
hemophilia, and the indicators of healthy
individuals, p = 0,022.

We can assume that porphyria, as a
pathology of metabolism, and hemophilia, as
a pathology of hemostasis, have mutually
compensatory mechanisms of influence on
the organism, which allows individuals with a
combination of these pathologies to more
successfully  realize their  reproductive
potential, compared to individuals suffering
from porphyria or who are mutation carriers,
which causes hemophilia. We would like to
emphasize the special role of sex hormones in
triggering attacks of acute porphyria in
women, since it is the change in their level in
the organism that is the most frequent cause
of attacks [44]. According to Daphne
Vassiliou and Eliane Sardh [45] the results of
a 20-year study of 44 pregnant women with
acute hepatic porphyria who gave birth to
44 children showed that only 9% (4) of
women suffered an attack of porphyria during
pregnancy. Authors concluded that pregnancy
in patients with porphyria often proceeds
without complications. Cyclical changes in
the hormonal profile, such as the menstrual
cycle, are significant triggering factors
capable of realizing asymptomatic mutation
carriers and turning the latent course of
porphyria into the clinical stage.

Therefore, in historical times, in the
absence of effective treatment methods,
multiple pregnancy throughout the entire
fertile age became an available relief
approach.

Currently, it is actual to do genetic testing
before puberty to reduce the risk appearance

of acute symptoms of porphyria, the
cumulative  risk of  which  among
asymptomatic patients at the time of

diagnosis is 26,7-58,3 % [46].
CONCLUSIONS

According to the results of genealogical
analysis, prevalence of variegated porphyria
in the studied family was 1,8 %, which is
three orders of magnitude higher than among
the population of different countries. It was
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established that there is no statistically
significant difference in the sex ratio among
patients with the specified pathologies. An
autosomal dominant type of inherited
variegated porphyria  with  incomplete
penetrance 92 % has been estimated. The
independent nature of the inheritance of
variegated porphyria and hemophilia B has

between the analyzed traits of patients with
porphyria, who at the same time are carriers
of the mutation that causes hemophilia, and
the indicators of healthy individuals.
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TEHETAYHE JOCJIIXXEHHSA BEJIMKOI POIWHM: BILTUB BAPIETATHOI ITOP®IPIT
TA TEMO®LIIi B HA PETPOAYKTHUBHI IIOKA3ZHUKH

Hopogeeea B. P. B © P, ®eooma 0. M. »FF
A — XOHIIeTIIIis Ta AU3aiiH JocikeHHs; B — 30ip mannx; C — aHami3 Ta iHTepIpeTanis Jannx; D — HamucaHHs CTaTTi;
E — penaryBanns crarti; F — octaTouHe 3aTBep/PKCHHS CTATT1

Beryn.  AKTyanbpHICTE  TOCHIIDKCHHS TEHETHYHHX IIaTOJNIOTiHi OOyMOBIIEHa 3pOCTaHHSIM IXHBOL
TIOMIMPEHOCT] Y OUIBIIOCTI KpaiH, iHBaNiAM3aMii Ta JETATBHOCTI XBOPHX, BEINKAMH BHTPaTaMU Ha CYIPOBIiJ
Ta JikyBaHHSA. CydacHa KiacH]ikallis TEeHSTHYHHX XBOpOO BKIIOUYAE, 30KpeMa, pizHi ¢opmu mopdipii ta
remo¢inii. BuBueHHS maToJyoriii B iCTOPHYHHUX 0Ci0, KOJMM € MOXIIMBICTH 3i0paTH iHPOPMALIO 3 pPi3HUX
JDKepesl MpOo WICHIB BENUKOI POJMHH 32 TPUBAIMW Iepio] 4acy, IPEICTaBIsI€ iHTepec Ul PO3YMiHHS
MEXaHi3MiB PO3BUTKY 3aXBOPIOBaHH:.

Merta po6oTH — aHaNi3 TeHETHYHUX OcoONMBOCTEH BapieratHoi mopdipii Ta remodinii B y Bemmkiit
POJIVHI.

Martepiann Tta meroau. [IpoaHamizoBaHO IaHI CydacHHX PEKOMEHJAIil Ta KIIHIYHUX IMPOTOKOIIB,
HayKoBOI JitTeparypu Ta reHernunux 6a3 manux (OMIM) mono pizaux dopm nopdipii ta remodimii. 3
BIIKPUTHUX JDKEpEI Ta HAYKOBOI JiTeparypu 3i0paHo BimomocTi po 1362 ocobu 3 bpuraHcbkoi KOpoIiBChKOT
cim’i, XVIII-XX cr. Cxmageno pomosin 3 10 mokominb, 27 smepHHUX CiMed 3 XBOPHIMH Ha Bapi€raTHy
nopdipiro Ta remodimito B. TIpoBeneHo reHeanoriyHMA, CerperamiiHuid, CTaTUCTHIHHN aHali3 Ta aHali3
34eIUIeHHs. Pe3ynbTaT BUKOPUCTAHO AJIS TOCHTIIKEHHS PEPOIYKTUBHUX O3HAK.

PesyasTaTn. ['eHeanoriunuii aHami3 MoKazaB CiMeliHe HaKONMMYCHHS HOpdipii — il MOMUpPEHICTh cepex
poandiB y BeNnuKid poauHi cknama 1,8 %, 1m0 Ha TPHU MOPSAAKM BHUINE, HIX CEpel] HACEICHHS PI3HMUX KpaiH.
BcraHoBNeHO, IO CTATHCTHUYHO 3HAYYIIO! PI3HMIN y CIIBBITHOIIEHHI cTaTeil cepenm oci0 i3 3a3HAYCHUMH
MATOJIOTiIMU HeMae. J[aHi TeHeayoTiyHOTO Ta CerperamiifHOro aHalli3y, Ta MOKa3HHWK IMeHeTpaHTHOCTiI 92 %,
CBiUaTh NPO ayTOCOMHO-JOMIHAHTHHH THI YCIIAJKyBaHHS 3 HEMOBHOI NEHETPAHTHICTIO, IO Y3rOJUKYETHCS
3 JAHUMHM Jiteparypd. BH3HaYeHO HE3aNeKHUHA XapakTep YycHaaKyBaHHs BapieratHoi mnopdipii Ta
remo¢inii B. JloBeneHo, mo y XxBopux Ha mop@ipito penpoaykTiBHI 03HakH B 3,3—4,1 pas3u BiIpi3HAIOTECS BiJ
PEPOIYKTUBHUX O3HAK Yy XBOPUX HA MOPQipito Ta reModiliro ofHOYaCHO. BeTaHOBICHO 3HAYYINY Pi3HHUITIO
MiX MpOaHaNi30BaHUMHU O3HAKaMU XBOPHX Ha MOPQipito, sSKi BOTHOYAC € HOCIAMH MYTallii, 10 0OYMOBIIOE
reMoQiTifo, Ta MOKa3HIUKAMH 3JOPOBUX 0Ci0.

KITIOY90BI CJIOBA: sapiccamna nopgipis, eemoginis B, eenukuii pooogio, eeHeanociyHuii auauis,
PenpoOyKmueHi 03Haxu
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OCOBJIMBOCTI ®OPMYBAHHSA NATOI'EHETUYHUX 3MIH
IHJIAHEHTAPHOI'O KOMIUIEKCY HA TJII
BHYTPIIIHBOYTPOBHOI'O IH®IKYBAHHA

T'owoecvka A. B.

Anomayin. OIHUM 13 OCHOBHUX YCKJIQJIHEHb IIiJl 4Yac paHHBOrO eMOpioreHe3y 1 IulaneHTauii €
TUTAlleHTapHa HeJOCTaTHICTh. [1if BIIMBOM pi3HOMAaHITHUX (haKTOpiB, a came 1HQEKIIHHIX, SKi B 3aJIeKHOCTI
BiJl 0IOJOTiYyHOi CHelU(pIKA HEraTUBHO BIUIMBAIOTH HA CTATEeBI KIITHHU OaTbKiB, PO3BHTOK 3apOJIKa,
¢opmyBanHs TpodoOiacTy 1 IUIAIGHTH, L0 B CBOIO Yepry IPU3BOAUTH JO NOpYyImeHHS QyHKil
IUTAIIEHTAPHOTO KOMIUIEKCY Ta TeCTAlllHHUX YCKJIQJHEHb IIiJl 4Yac BariTHOCTi. 3aBASKH PO3LIMPEHHIO
JIarHOCTUYHHUX MOXKJIMBOCTEH Ul BUSIBJIICHHS MOPYIIEHb (QYHKLIT IUIAIIEHTH, a TaKOX y 3B’SI3KY 3 MOSBOIO
HOBHUX JIaHMX NP0 MEXaHi3MH PEeryIsilil KpoBOOOIry B IUIAIIEHTI AJsl OLIHKY ()YyHKI[IOHAJIBHOTO CTaHy (ero-
TUIAIIEHTAPHOTO KOMIUIEKCY Ha erami (OopMyBaHHS TEpBHUHHOI IIALEHTAPHOI HENOCTaTHOCTI Ha (oHI
3anajJbHUX 3aXBOPIOBaHb JKiHOYHMX cTareBux opradiB JKCO Hamu Oyno BU3HA4YCHO MOIUIEPOMETPHUHY
KapTHUHY OCOOJMBOCTEIl KPOBOTOKY (SI€UHHKOBA apTepis, MKBOPCHHYACTHI MPOCTip) Yy KIHOK OCHOBHOI Ta
KOHTPOJIBHOI IPYIIL.

Mema. BruzHauuTu JOMIEPOMETPUYHY KapTHHY OCOOJIMBOCTEH KPOBOTOKY (S€YHHMKOBa apTepis, 00'eM
XOpiOHa, JOCIIKEHHsSI KPOBOTOKY B PI3HHMX JUISHKaX XOpiOHa) y BariTHUX Ha TJi 3alajbHUX 3aXBOPIOBAHb
JKIHOYMX CTaTEBUX OPraHiB B pAaHHOMY TPHUMECTPI recTalii.

Mamepianu ma memoou. OCHOBHY Tpymy CKJadd 37 JKIHOK 3 O3HAKaMHU 3alalibHUX 3aXBOPIOBAHb
JKIHOYUX CTaTEBUX OPraHiB, KOHTPOJIbHY TPYIy cKiaiu 30 KIHOK MPaKTUYHO 340POBI.

Pesynomamu. OTprMaHHS HOBHX JaHUX IPO MEXaHI3MH PeryJisilii KpoBooOIry B sSi€UHHMKOBIH apTepii Ta
MDKBOPCHHYACTOMY MpOCTOpi Ha erami (OpMyBaHHS IUIAIEHTAPHOTO KOMIUIEKCY NpH (iziosoriunii i
YCKJIaJHEHIN BariTHOCTI JIO3BOJINTH JONOBHHUTH IUTAHHS IIaTOT€HE3y PO3BUTKY Ta NPODITaKTUKH
TUIAIIEHTapHOI HEIOCTATHOCTI.

Bucnogxu. JlocnmikeHHsT KPOBOTOKY €KCTpaeMOIOHaJbHUX CTPYKTYp Ha paHHIX TepMiHaX TrecTaril
JIO3BOJISIE JIIarHOCTYBAaTH CTPYKTYpPHI 3MiHM Ha erami (OpMyBaHHs IulanieHTH. [lopyiieHHS KpoBOTOKY B I
TpumecTpi recrauii Ha GoHi iHOEKIIHHOIO YNHHUKA, SKUH [TPOHUKAE B Pi3HI CYIMHHI JJAHKK CUCTEMH MaTH-
TUIALIEHTA-TUTI 3 BUpaXyBaHHSM IOKAa3HUKIB 00’€My KPOBOTOKY JIEMOHCTPYE 3aKOHOMIPHICTb (popMyBaHHs
HnopyueHol reMoJMHaMiKu Ha erami (OpMyBaHHs IUIAIIEHTAPHOTO KOMIUIeKCy. JlaHi MOKa3HUKH MOXKYTh
CIIyryBaTH KpHTEpieEM sl BiOOpYy >KIHOK Tpynu pU3MKy MO (OPMYBaHHIO IMEPBHHHOI IUIalleHTapHOI
HEJI0CTAaTHOCTI.
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iHOeKc Kpo8omMoKy
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ueHrapHa pucynkuis [1, 2, 3]. Ilin sBomuBom
pi3HOMaHITHUX (aKTOpiB, a came iHPEKIIHHNX,

BaytpimaboyTpoOHE iH(IKYBaHHS — 1€  SIKi B 3aJe)KHOCTI BiJi GionoriyHoil cnenugiku
BCTAHOBJICHUH (AaKT BHYTPIIIHBOYTPOOHOTO  HETATHBHO  BIUIMBAIOTh Ha  (OpMyBaHHS
NPOHMKHEHHs 10 IUIJIHOTrO siiusg BipyciB, abo  Tpodobmacty 1 miauneHTd, BigOyBaeThCs
MiKpOOpPTaHi3MiB. MOPYIIEHHS ¢$yHKLii IUTALIEHTapPHOT O

OpHUM 13 OCHOBHHMX YCKJIaOHEHb IIiJi 4aC  KOMIUIEKCY, 110, B CBOIO YEpry, NPU3BOIUTH J0
pPaHHLOTO eMOpioreHe3y 1 IUIAleHTalli € ria-

BCTYII
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TeCTaIlifHNX YCKJIaTHEHb ITiJT 9Yac BariTHOCTI [4,

5,6,7,8].
Haii6inpmy indopMaTHBHICT 1 IIHHICTH B
JUArHOCTHIN IUIAIlCHTapHOI JucyHKIii Ha

paHHIX TepMiHaxX BariTHOCTi, O€3yMOBHO, Ma€
yIbTPa3ByKOBa OIliHKA CTaHy eKcTpaemOpio-
HaJIbHUX CTPYKTYP [9].

OTpuMaHHS HOBUX JaHHX TMPO MeXaHi3MH
perymsnii KpoBoOOiry B S€YHUKOBIH apTepii,
3MiHH 00’€My XOpiOHa, 3MiHH KPOBOTOKY B
PI3HUX TUISTHKaX XOpioHa Ha eTari (popMyBaHHS
TUTAIIEHTAPHOTO KOMIDIEKCY TpH (izionoriaHii
1 yCKIIaHEHii BariTHOCTI O3BOJUTH JIOTIOB-
HUTH TUTaHHS [aTOTeHe3y PpO3BUTKY Ta
npo(iJaKTUKK ITUTALIEHTApHOI HEJ0CTAaTHOCTI
[10, 11, 12].

3aBASKM  PO3MIMPEHHIO  JIarHOCTHYHUX
MOXKJIMBOCTEH JUIS BHSBICHHS IIOpPYIICHb
GYHKIIT TUIAleHTH, a TakoX y 3B’SI3Ky 3
MOSBOI0 HOBUX JIaHUX TIpO  MeXaHi3MHU
peryJsnii KpoBooOiry B IUIAIICHTI ISl OI[IHKA
(GYHKIIOHATBHOTO CTaHy (eTO-TUTalEHTAPHOTO
komruiekcy (PIIK) wa eram QopmyBanHS
TIEPBUHHOI IJIAIleHTapHO1 TucGyHKIIl Ha (oHi
3aMaJbHAX 3aXBOPIOBaHb JKIHOYHMX CTaTEBHX
OpraHiB JOUIIHHUM € BU3HAYCHHSI KPOBOTOKY B
S€YHUKOBIM apTepii Ta B PI3HUX AUISTHKAX
xopioHa [13, 14, 15].

Mera  JOCIiKSHHS BU3HAYHUTH
JOIUICPOMETPHYHY ~ KapTUHY  OCOOJIMBOCTEH
KPOBOTOKY (SI€9HUKOBA apTepis, 00’ €M XOpioHa,
JIOCITI/DKEHHST KPOBOTOKY B PI3HHMX JUISHKax
XOpiOHA) y BariTHUX Ha T 3amnajbHUX
3aXBOPIOBaHb KIHOYMX CTaTeBUX OpraHiB B
paHHBOMY TPHMECTPI T'ecTallii.

MATEPIAJIM I METOM

Ha V3]I — amapari «Voluson Expert 730»
MPOBOJMUTLCS TpPHMipHa exorpadiss 3 MeTor
OTpUMaHHsI 00’€MHOr0 300pa)KEHHS XOPIOHY.
O06’eMHY PEKOHCTPYKIiIO XOPiaJbHOTO KpPOBO-
TOKy BHKOHyBaau B miporpami VOCAL (Virtual
Organ Computer-Aided Analysis) 3 mo0ynoBoro

FiCTOFpaMH CYAUHHOT'O KOMIIOHCHTY B
3a1aHoMy 00’eMi xopianbHOT TKaHUHM. OIliHKa
CYAUHHOTO KOMITIOHCHTY IIpoBOAUIIACA Ha

OCHOBI BHU3HAUCHHS 1HJEKCY BacKyJsIpU3alii
(VD) rta ingexcy xkpoBotoky (FI).

BusnaueHo 0OMIEpPOMETPUYHY — KapTHUHY
0cO0JIMBOCTEH KPOBOTOKY B SIEAHUKOBIH apTepii
Ta B pi3HUX JUISHKaX XOpioHa Ta 00'eM XopioHa
y J)KIHOK OCHOBHOI Ta KOHTPOJIBHOT IPYIL.

3rifHO TIOCTaBJIEHOI MeTH OYJIO MPOBEICHO
YIBTPa3ByKOBE AOCIHiIKEHHA 67 >KiHKaM B 6—7
ta 12-14 TwxuiB rectauii. OCHOBHY TIpyIy
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ckiamu 37 KIHOK 3 O3HaKaMM 3alalibHUX
3aXBOPIOBaHb JKIHOYMX CTaTeBUX OpraHiB,
KOHTPOJIBHY  Tpylly  CKJaIH 30 xiHOK
MPaKTUYIHO 3/I0POBI.

[IpoBeneHHsT  OOCHIMKEHHS  MOTOUKEHE
eTUYHUM KOMITETOM ByKOBHHCBHKOTO
JEepKaBHOTO MEIWYHOIO YHIBEPCUTETY, ILO
MiATBEPIUKYEThCS  mpoTokonoM  Kowmicii 3
MUTaHb 010MEIMYHOI €THKU MO0 AOTPUMAHHS
MOpaJIbHO-TIPABOBUX ~ TPaBWJI  MPOBEACHHS
MEAUIHUX HAyKOBHX JOCIHIDKEHb.
JocmimKkeHHs 3MIACHIOBAIA TIICASA OTPUMaHHS
iH(OpPMOBaHOI 30U MANI€EHTKY Ha JIKyBaHHS.

PE3YJIBTATH

Jns BU3HAYEHHS MOKAa3HHUKIB KPOBOTOKY B
SIEYHUKOBHUX apTepisx JOCHTIIKEHHS IPOBO-
JUIACH B JUISTHIIL BOPOHKO-Ta30BUX 3B 530K,
P [OMY KOHTPOJIBHHI 00’€M IOCTYIIOBO
3MIlIYBaBCS MO HANpsIMKy 10 SE€YHHKA JI0
MOMEHTY HaWKpamioi Bizyamizauii cyauan. s
BUBYCHHS KPOBOTOKY B SE€YHUKOBIH apTepii,
CIIOYATKy OIiHIOBanacs CTPYKTypa SE€YHUKIB, a
TaKOXX BUMIPIOBaBCS 00’€M 3 BHUKOPHCTAaHHSIM
hopmym:

V =0,523ABC (cmd),

ne V — o0’em seuynmka, A,B,C — po3mipu
sleyHWKa B Ppi3HUX [iommHax, a 0,523 —
MTOCTIHHUN KOe]iIli€HT.

B  pesynmpraTi mornumbieHoro  aHamily
KPOBOTOKY B SI€YHHKOBHX aprepisix OyIo
BUSIBJICHO TaKi MOKa3HUKH:

y MepeBaX)HOT OUIBIIOCTI KIHOK
KoHTposibHOI Tpymu 28 (93,3 %) BuU3HaYaMUChH
CTaH/IAPTHI HHU3bKOXBHIBOBI XapaKTEPUCTUKH
KPOBOTOKY B SIEYHUKOBUX apTepisiX 3 HU3BKOIO
cucroiniyHoro mBHakicTio (Vmax Big 0,06 mo
0,14 m/c) 1 BUCOKMM TIOKa3HUKOM TepHpepuy-
HOTO ONOpYy, TMpH IOMY JiacTONIYHUI
KOMITOHEHT abo OyB cnabo BupaxeHuii, abo
B3arajgi OyB BiACYTHIM, TpoTe€ Yy JKIHOK
OCHOBHOI ~ rpymu  BiamiuaBcs 24 (64,8 %)
CepeHBOIIBUIKICHUI apTepiaJbHUN KPOBOTIK
ne (Vmax Big 0,15 mo 0,2 mM/cex) i moMipHUMHU
MOKa3HUKaMHU TiepudepryHoro omopy ta y 13
(35,1 %) BigmiuaBcst (BHCOKOIIBHIKICHHIA) THIT
KpPOBOOOITy B S€YHUKOBIH apTepisix 3 BUCOKUMHU
mBuakoctssMu (Vmax Bix 0,14 no 0,57 m/cek)
Ta BHCOKMMH IIOKa3HHKaMH NEepU(PEPUIHOrO

oropy.
Ciig 3a3Ha4uTH, 0 HAHOIILII BarOMHUMH
MIPOTHOCTHYHUMM KpHUTEPisIMU PO3BHTKY

MEPBUHHOI IUIALIGHTApHOI HEIOCTAaTHOCTI Ta
3arpo3d IepepuBaHHs BariTHocTi Ha Tl
3aMaJbHUX 3aXBOPIOBaHb KIHOYMX CTAaTEBHUX



opraHiB (OCHOBHA Tpyma) SABJISUIOCH: 3HIKEHHS

0o0’emy xopioma Ha 36-78%, iHIekca
BacKynspuzanii  Ha  56-78 %,  BHCcOKa
PE3UCTEHTHICTh B SEYHMKOBIH apTepii Ha
cropori xomroro Tima C/J  (cuctomo-

JiacToIivHe CIiBBigHOMmEHH:) > 3,5, IP (imgekc
pesuctentHocti) > (0,70, 3MeHmeHHS 00’eMy
xopioHa < 2,5 cm. Criz 3a3Ha4MTH, IO Y KIHOK
KOHTPOJIBHOI Tpynmu 00’€M XOpioHa csraB >

3 MM, HE BIAMIYAJIOCH 3HIDKEHHS 1HAEKCA
Backymspu3aitii, a C/J] < 3,5, IP <0,70.
Jns BUSIBJICHHSI 3aKOHOMIpHOCTEH

(hopMyBaHHA CYAHMHHOTO KOMITOHEHTY Ha (OHI
3aMaJIbHUX 3aXBOPIOBAHb KIHOYMX CTaTEBHX
opraHiB Ta mpu (i3i0JOTiYHI BariTHOCTI
NPOBEEHO BH3HAYCHHS 00’€eMy XOpiaJdbHOI
TKaHWHU Ha eTani (OopMyBaHHS IJIAIICHTAPHOTO
KoMmIutekcy. BceranoBneno, mo B I Tpumectpi
BariTHOCTI BiI0yBaJIOCH MOCTYIIOBE 301IbIIICHHS
TKaHUHH XOPiOHA Y JKiHOK KOHTPOJILHOI TPYITH
Big 5,5 mo 15,8 cm® mo 13-ro TwKHS recrarii,
NpY [IOMY B IEpPioJl 3aBeplieHHs HOpMyBaHHS
00’eMy XOpiOHa TIPOXOAWUTH XBHJIECTIOHIOHUI
3piCT BOPCUH Ha MPOTS3i 2 TIXKHIB Maike B J1Ba
pasu 110 34,6 cm>,

[Ipore BCTaHOBIEHO, MO y MEPEBaXHOI
OLIBIIOCTI KIHOK OCHOBHOI rpymu 32 (86,5 %)
JISHKa TKAaHWHU XOpiOHA csirayia B Mexax 2,3
no 7,4 cMm® mo 13-ro THKHA TecTalii, ajle B
nepiogq ~ ¢opmyBaHHA ~ 00’eMy  XOpioHa
XBWJICTIONIOHOTO POCTY BOPCHH He OyIio
3a(pikCOBaHO 1 MOKAa3HUKU O0’€MY CSTajau JI0
17,8 cM®.

IMpu pocmigpkeHHI KPOBOTOKY B PI3HHX
JUISTHKaX XOpiOHAa BHKOPHCTOBYBAJIHMCHh TaKi

napameTpu:
e VI— iHmexkc Backymspuzamii, SKAN
BioOpa’kae  BiJICOTKOBE CITIBBITHOIIIEHHS

CYJMHHUX €JIEMEHTIB y JJOCHIPKYI0UOMY 00’ eMmi
MJIALIEHTAPHOI TKAaHWHH;
FI— THIEKC KPOBOTOKY,
BioOpaka€ KiNBKICTh KIITHH KpOBI,
TPAHCHOPTYIOTHCS B MOMEHT JIOCTIJKEHHSI.
[Ipu nmocniykeHHI KpPOBOTOKY B PI3HHX
JUISTHKaX XOPIOHY Y KiHOK KOHTPOJIBHOT TPYyITU
JIIarHOCTOBAHO, 110 B TepMiHi BariTHOCTI 70 11
TWKHIB TecTamii rerepomMopdizm (OpymeHHs)
KpoBOOOIry B mHepu(epHUYHHX i LEHTPaTbHUX
IingHkax He Oyno BHABIEHO. Tak MOKa3HUKH
KPOBOTOKY B IICHTpajbHI 30HI csramu VI —
15,1, FI — 36,1, a nepudepuuniit 30oui VI —
12,8, FI — 30,0. IIpote y *iHOK OCHOBHOT IpyIH
VI B ueHTtpanbHiii minsHni csraB 8,9, a B
nepudepuuniit 3oni VI — 14,6, FI — 33. Ilicns
12 TWXHIB BariTHOCTI y IHOK KOHTPOJBHOI

° SIKAI

SK1
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Series «Mediciney. Issue 45

rpynu OyB BUpKEHU N CYJUHHUN
rerepomopdizM — IHIACKC BacKyisipu3alii B
LEHTPaJbHI 30HI 3HAYHO TMCPCBUILYBAaB

nokasHuku KpoBoToky VI — 20,8, FI — 55,6 B
MOPIBHAHHI 3 TepuDEPUIHNMH  JUTTHKAMH
xopiony VI — 7,7, FI — 33,6. Y iHOK OCHOBHOI
TpyN¥ 1HAEKC BacKyJspu3alii B IEHTpaTbHIN
3oHi VI—9,7, FI —35,1 maiike HEe mepeBUILyBaB
MOKa3HUKH TepUPEepUIHOi TIISIHKH XopioHa VI
-6,9,FI-314.

Omxke, BuU3HAYE€HI  HAMH  IIOKa3HUKHU
KPOBOTOKY B SIEYHHUKOBHX apTEPisiX y >KIHOK
OCHOBHO{ TpyHH 3HAYHO BIAPI3HSIHACA Bif
MOKa3HUKIB OTPUMAHUX PE3YNIbTAaTiB y >KIHOK
KOHTPOJIBHOI TPYNH TOSIBOIO CEPEIHBO IIBHI-
KiCHOT'O KPOBOTOKY B SI€YHUKOBHX apTepisx fe
(Vmax Bixg 0,15 mo 0,2 m/cex) i mOMipHUMHU
MOKa3HUKaMu  HepudepudHoro  omopy. 3
HU3BKOIO  CHCTONIYHOK  IIBHAKICTIO  Ta
BUCOKOIIIBUAKICHOTO  THILy  KpOBOOOIrYy B
SIEYHUKOBIH apTepisx 3 BHUCOKUMHU
mBuakoctsamu (Vmax Big 0,14 1o 0,57 m/cek)
Ta BHUCOKMMH TIOKa3sHHKaMH Hepr(epuaHoro
Oomopy Ha  BiAMIHY Big ~ CTaHAApTHHUX
HU3bKOXBUIIBOBUX HIBHAKOCTEH KPOBOTOKY B
SIEYHUKOBHX apTEPisX 3 HU3bKOIO CHUCTONIYHOIO
mBuakictio (Vmax Big 0,06 mo 0,14 wm/c) i
BUCOKHM TIOKa3HUKOM MEPUPEPUIHOTO OTIOpY Y
KIHOK KOHTPOJIbHOI TPYIIH.

OO6’eM XOpaibHOI TKAaHHHU B )KIHOK OCHOB-
HOI TpymH BijfcTaBaB B miametpi (2,3 mo 7,4 cm)
NPOTH TMOKA3HUKIB KIHOK KOHTPOJIBHOI TpyIH
(5,5 no 15,8 cm®) Ta BiaCyTHIN XBUJIENIOAIOHIH
picT xopioHa g0 13 THXHIB y BariTHHX Ha TIi
3amajibHAX 3aXBOPIOBaHb JKIHOYHX CTaTEeBHX
OpTraHiB.

AHaI3yr0un KpPOBOTIK B PI3HUX MAUISHKAX
XOPIOHY CJIiJl 3a3HAYUTH, 1110 Y )KIHOK OCHOBHOT
rpynu OyB BHpPaKEHUH TeTepoMopdi3zM Mix
[EHTPATIbHOIO Ta MEepHDEPUIHUMHU JTUITHKAMH
sixuit csaraB VI — 8,9, Fl — 21 a B mepudepuyniii
30H1 VI — 14,6, Fl — 33 B mopiBHSIHHI 3 )XiHKaMu
KOHTPOJIBHOI TPyNH JIe TOPYLIEHHS KPOBOTOKY
B DpI3HMX JIISHKAX XOpioHa He Oyiu
3adikcoBaHi HeHTpaibHa AutssHka — VI — 15,1,
Fl — 36,1, nepudepuuna 3ona VI — 12,8, FI —
30,0.

3adikcoBani exorpadiyi 3MiHH TeMOIUHA-
MIYHHAX TOKa3HUKIB J03BOJISTH CIIPOTHO3YBAaTH

paHHI TPOSBU  IUIANIGHTApHOI  JAUCHYHKIIIT,
301MCHIOBATM AWHAMIYHHAM HaArjiagg 3a JAHOKO
IPYIO0 KIHOK, BYaCHO po3nouaTH

npo¢iIakTUKy Ta JiKyBaHHS MOpPYLIEHb (ETo-
[UTALEHTapHOTO KOMIUIEKCY, IO IONEPeANUTh
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pO3BUTOK TecTamiitaux mopymeds B I Ta III
TPUMECTPI recTaii.

OBI'OBOPEHHA PE3YJ/IBTATIB

[Ipn BH3HAUCHHI KPOBOTOKY B S€YHHUKOBHX
apTepisix y JKIHOK OCHOBHOI TPYIH diarHOC-
TYBaBCSl CEPEeNHBOIIBUIKICHUI apTepialbHuN
kpoBoTik ae (Vmax Big 0,15 mo 0,2 m/cek) i
cepelHi MOKa3HUKU MEepU(EepUvIHOro Omopy, y
13 (35,1 %) niarHOCTYBaBCSI BHCOKOIIBHIKIC-
HUH THIT KPOBOOOITy B SIEYHUKOBUX apTepisix 3
BHCOKMMH mBHAKocTsMu (Vmax Bix 0,14 mo
0,57 M/cex) Ta  BHCOKHMH  IIOKa3HHKaAMH
nepugepuvHOro OIopy.

[lpu Bu3HaveHHI 00’eMy XOpiOHa y KIHOK
OCHOBHOI rpynu OyJyio 3a()iKCOBAaHO 3HIKEHHS
00’emy xopiona Ha 36—78 %, iHmekcy Backy-
nsipu3anii Ha 56—78 %, BUCOKY pE3UCTEHTHICTh
B SIEYHUKOBIHM apTepii Ha CTOPOHI KOBTOTO Tija
C/[1 (cuctono-aiacTomivyHe CIMiBBiTHOUICHHS) >
3,5, IP (immekc pesucrentHocti) > 0,70,
3MeHIIeHHs 00’ eMy XopioHa < 2,5 cM.

IIpu pmocmiKeHHI KPOBOTOKY B PI3HUX
TUTSTHKaX XOpiOHA CIiJ 3a3HAYUTH, M0 Y KIHOK
OCHOBHOI Tpynu OyB BUpPXEHHH TeTepoMOop-
¢GizM MiX UEHTPaJbHOIO Ta MNepUpEPUIHUMH

CIIMCOK JIITEPATYPHU

mimgHKaMu gkui caras VI — 8,9, FI — 21, a B
nepugepnyniii 30oni VI — 14,6, FI — 33.

BUCHOBKU

HocnimkeHHsT KpPOBOTOKY e€KcTpaemOpio-
HaJbHHUX CTPYKTYpP B PaHHIX TepMiHaX recrarii
JIO3BOJISIE JIarHOCTYBATH CTPYKTYpHI 3MiHH Ha
eTtami (OpMyBaHHS IJIalleHTH. binbm 3Havy-
OIMMHU TIOKa3HUKaMH PO3BUTKY IJIalleHTapHOI
MUCOYHKINT y OKIHOK Ha TIi 3amajibHHX
3aXBOPIOBAHb JKIHOYMX CTAaTEBHX OpPTaHiB €
3adiKCOBaHI  3MIHM  €KCTpacMOpiOHATHHHUX
CTPYKTYp, & caMe: HU3bKOXBUJIBOBHHA Ta
CepeTHBOIIBUIKICHUI KPOBOTIK B SIEUHHUKOBUX
apTepisix 3 HU3BKOI CUCTONIYHOKO MIBUIKICTIO,

BUCOKUM Ta HOMipHI/IM IIOKa3HUKOM
nepuepuIHOT0 OMOpPY, 3MEHIIEHHS 00’ eMy
XOpiOHa  Ta  BHP@XEHHM  IOPYIICHHIM

KPOBOTOKY MDXK IIGHTPAJIIFHOI Ta OOKOBUMH
OUISHKAaMH Tpd  BU3HAYEHHI KPOBOTOKY B
PI3HUX AUTSHKAaX XOpioHA.

Hdani MOKa3HMKH  MOXYTh  CIyTyBaTH
KpUTEpieM Ul BiAOOpPY KIHOK TPYIH PU3UKY
mo ¢GOpMYBaHHIO TIEPBUHHOI IIIAIICHTAPHOT
TUCHYHKIIII.
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FEATURES OF THE FORMATION OF PATHOGENETIC CHANGES OF THE PLACENTAL
COMPLEX ON THE BACKGROUND OF INTRA-UTERONOMY INFECTION

Hoshovska Alisa

Abstract. One of the main complications during early embryogenesis and placentation is placental
insufficiency. Under the influence of various factors, namely infectious factors, which, depending on the
biological specificity, negatively affect the germ cells of the parents, the development of the embryo, the
formation of the trophoblast and the placenta, which in turn leads to a violation of the function of the placental
complex and gestational complications during pregnancy. Due to the expansion of diagnostic possibilities for
detecting placental function disorders, as well as in connection with the emergence of new data on the
mechanisms of blood circulation regulation in the placenta to assess the functional state of the feto-placental
complex at the stage of the formation of primary placental insufficiency against the background of
inflammatory diseases of the female genital organs, we were determined the dopplerometric pattern of blood
flow (ovarian artery, intervillous space) in women of the main and control groups.

Goal. To determine the dopplerometric pattern of blood flow characteristics (ovarian artery, chorionic
volume, blood flow study in different areas of the chorion) in pregnant women against the background of
inflammatory diseases of the female genital organs in the early trimester of pregnancy.

Materials and methods. The main group consisted of 37 women with signs of inflammatory diseases of
the female genital organs, the control group consisted of 30 practically healthy women.

The results. Obtaining new data on the mechanisms of blood circulation regulation in the ovarian artery
and intervillous space at the stage of formation of the placental complex in physiological and complicated
pregnancy will allow to supplement the question of the pathogenesis of the development and prevention of
placental insufficiency.

Conclusions. The study of the blood flow of extraembryonic structures in the early stages of gestation
allows to diagnose structural changes at the stage of placenta formation. Violation of blood flow in the first
trimester of pregnancy against the background of an infectious factor that penetrates into various vascular
links of the mother-placenta-fetus system with the deduction of blood flow volume indicators demonstrates
the regularity of the formation of disturbed hemodynamics at the stage of formation of the placental complex.
These indicators can serve as a criterion for the selection of women of the risk group for the formation of
primary placental insufficiency.

KEY WORDS: placental insufficiency, blood flow, ovarian artery, intervillous space, inflammatory
diseases of female genital organs, vascularization index, blood flow index
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AJIPOIIIH TA ®AKTOPU PU3UKY APTEPIAJIbHOI INIEPTEH3II
Y HALOIE€HTIB 3 HA/UVIMIIKOBOIO MACOIO TIJIA TA
OKUPIHHAM

Hokposcvka H. K ® ©°, Cknapos €. A.5F
A — KoHrmenuis Ta mu3aiiH qociimkeHHsA; B — 30ip manmx; C — aHami3 Ta iHTepmperamis manux; D —
Hanucanus ctarTi; E — penaryBanns cratri; F — ocraTouHe 3aTBepKEHHS CTATTi

Bcmyn. AnpomiH — TOpPMOH, SIKHI Oepe ydacTb y HaToTeHe3i apTepiaybHOI TinmepTeHsii 1 3aXBOPIOBaHb
CEpIIEBO-CYJMHHOI CHCTEMH Ta EHEPreTHYHOMY TOMeOocCTasi, 30KpeMa 3HIKYE IHCYIiHOPE3UCTECHTHICTS,
IUITXOM KOHTPOJIFO CHHTE3Y TIIFOKO3U Y TIeUiHIIi.

Mema. [locninuTi piBeHb aIpoIliHy Ta HOro B3aeMomii 3 (pakTOpaMu pU3NKY apTepiaibHOI rimepTeHsii y
MaNi€HTIB 3 HAAJIUIIKOBOIO MACOIO TiNla Ta OKUPIHHAM.

Mamepianu ma memoou. O6ctexeno 70 MaIi€HTIB 3 apTepialbHOIO TIMEPTEH3IE0 1 HAAMIPHOIO Macolo
Tima Ta OXHpiHHAM BikoM 62,4 + 10,4 pokiB. [na koHTposeHOI rpynu Oymu BimiOpani 10 mpakTUdHO
3mopoBux oci0. PiBeHb ajporiHy Bu3Ha4yanu nuisixoMm imyHodepmentHoro amamizy (Finetest Elisa Kit) y
cupoBarili kpoBi. KpurepissMu BKIFOUEHHS OO y4acTi y JOCTiMKeHHI Oymu: Bik mamieHTiB 40—75 pokis;
apTepianbHa rinepTeHsis; iHIeKc Macu Tia > 25 kr/m2,

Pe3ynsmamu. BcTaHOBIICHO, IO CepenHiil piBeHb aIpoIliHy y MAIli€HTIB 3 apTepiaJbHOIO TIIEPTEH3IEI0 Ta
KOMOPOITHAM OKHPIHHSAM YHM HaIMipHOIO Macor Tima (N = 70) 6yB 775,5 £311,7 nr/miu, mo € JOCTOBIpHO
HIDKYAM 3a BMICT IaHOTO TENTHAY Yy MPakTHIHO 310poBux ocid (n=10), sxwit craHoBuB 1084,6 £
110,2 or/ma (p < 0,01). Bim3HaueHO TEHACHIIO [0 3HIDKEHHS PiBHSA TOPMOHY Yy YOJOBIKIB, IO HMOBIpPHO
TIOB’s13aHO i3 3HAYHO OUIBIIOI0 TOIMIMPEHICTIO TIOTIOHOMANIHHS Cepell AaHOoi KaTeropii ocid, OCKIIBKH IMpH
OIIHII (paKTOPiB, MO CIPHUAIOTH PO3BUTKY apTepiaibHOI TiMepTeHs3il Ta MOTipIIeHHIO 1i MPOTHO3Y, 3HAlIeHO
JIOCTOBiIpHE 3HIKCHHS afpoIiHy y 0ci0 3 aHaMHe30M TioTioHomamiHHS (P < 0,01). YV marieHTiB 3 0KUPiHHAM
(immexc Macu Tina > 30 kr/M?) piBeHb ajpominy OyB AocTOBipHO HmkuuM (P < 0,05), sk i B oci® 3
aprepianbHuM THCKOM > 150/90 mm pT. ct. (p > 0,05).

Bucnoekxu. PiBeHb CHPOBAaTKOBOTO aJIpOIiHY JOCTOBIPHO 3HIKYETHCS y 0ci0 3 Al' Ta HAAMIPHOIO Macoro
Tida i OXKHPIHHAM B MOPIBHSIHHI 3 MPAKTUYHO 3I0pOBHMHU 0ocobamu. dakropamu, MO CHPUSIOTH 3HIDKCHHIO
KOHIICHTpAI[il MEeNTHIY € HasSBHICTh TIOTIOHOMAJIHHS, OXHPIHHA Ta MiJABHIICHOTO PIBHS TIIOKO3U KPOBI.
[loka3HUKHU apTepiallbHOIO THUCKY HE € KPUTHYHUMH JUIsl 3MiHM KOHIEHTpALil TOPMOHY KPOBI, 10 HMOBIpHO
TIOB’s13aHO 13 BIUTMBOM MEJMKAMEHTIB, KOTPi 3aCTOCOBYIOTH JUIS JIIKYBaHHS apTepiallbHO TilepTeH3ii.

KIIIOYO0BI CJI0OBA: apmepianvua 2inepmen3sis,
MemaOOoNyHULL CUHOPOM, MIOMIOHONANIHHS

AOpONiH, O0JCUPIHHS, KOMOpPOIOHA Namonolis,
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INokpoechka HK, Cxaspos €51. AJIPOIIIH TA ®AKTOPU PU3MKY APTEPIAJIBHOI TINEPTEH3I V
[MALIEHTIB 3 HAJJIMIIKOBOIO MACOIO THIIA TA OXWPIHHSM.Bichuk XapkiBCbKOTO HAI[iOHAIBHOTO
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y €HePreTUYHOMY T'OMEOCTa3i, 30KpeMa 3HUKYE

BCTYII X . .
1HCYJIIHOPE3UCTEHTHICTh, ULUIAXOM KOHTPOJIIO

I'moGanpHOI0O MPOOIEMOIO JIIOJCTBA CHOTO-
JICHHS € TIpoTpecyroya aKyMYyJIAlis >KAPOBOI
TKaHUHU Ta, SK HACHIiZO0K, IMOsiBa HaAMIpPHOI
MacH Tijla Ta OXHPIHHS, 3 SIKUM acolliiioBaHa
IHCYJIIHOPE3UCTEHTHICTh. CaMe TOMY 0COOJIMBY
yBary IpeJCcTaBIIsie apolliH, SKHi Oepe y4acTh
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CHHTE3Y IUIIOKO3H y mevini [1].

AZIpOTIiH — TOPMOH, SIKUH CKITAJa€ThCs i3
76 aMIHOKHMCIIOT 1 BHIIAETBCA  Oararbma
opraHamMy Ta TKaHHHaMH OPTaHi3My, BKIIFOUHO 3
TOJOBHHUM  MO3KOM, II€YiHKOIO, HHPKaMH,
cepleM, IMiIIUTYHKOBOIO 303010 Ta MOXKE
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OyTH igeHTH(IKOBaHUH Y O10JOTIYHHX PiTUHAX,
a came TpyIHOMY MOJIOL Ta KpoBi [1].

Y o0ci0 3 HamBarolo Ta OXHUPIHHAM
CIIOCTEPITa€ThCsl 3HWKEHUH PIBEHb aApOIiHy y
MTOPIBHAHHI 13 0c00aMH 3 HOPMAIHHOIO Macolo
TiJa Ta 3BOPOTHA KOPEJAIliS MDK piBHEM
ropmMoHy Ta iHmekcom wMmacu Ttima (IMT),
00BOJIOM TalIii, MAIaCTONIYHMM apTepialbHUM
TUcKOM (AT), TIII0K03010, THCYTIHOM Ta BiKOM.
Bik € BAroMuM YMHHUKOM, 3 SIKUM acoILli{OBaHO
3HIDKEHHS BMICTY aipomiHy Yy KpoOBi, IO
WMOBIpHO  TOB’s3aHO 3 (hopMyBaHHIM
KoMOpOimHOI maromorii 'y maHoi Kareropii
Malli€eHTIB Ta TOPYIIEHHAM TJiKOJMIIiJHOTO
MeTabosismy [1-3].

V nocmimkenni Lovren et al. Bkazano, 1o
aZpomiH OyB BHUAUIEHUH B €HAOTENiATBPHUX
KIITHHAX 1 JICMOHCTPYBaB MO3UTUBHHUU BIUIHB
Ha CYOWHHY CTiHKY, NUIIXOM 301TbIICHHS
npoiideparii  wiithH < Ta  Mirpamii  [4].
TkaHMHHUA piBEeHb aApOMiHYy Bapiloe B
3aJIe)KHOCTI Bijf HAIBHUX CTaHIB Ta MaTOJIOTIH, a
came: COVID-19, mykpoBoro  miaberty,
MeTaboNiYHOTO  CHHAPOMY,  apTepiaibHOl
rineprensii (Al'), oXupiHHSA, O0OCTPYKTHBHOTO
HIYHOTO aIfHOe, PEeBMATOiMHOrO apTPUTy Ta
immmx [1].

B excnepuMeHTabHOMY AOCIIIKEHHI, TPU
BBEJIEHHI E€K30T€HHOTO afpoIiHy, y IIypiB
3HAWZICHO 3HIDKEHHS CHPOBATKOBOTO PIiBHS
TPUIIIILEPUAIB, 3arajgbHOro Xonectepuny (XC),
XC  ninompoTeiHiB  HHM3bKOI  IIUIBHOCTI,
ananiHaminotpaHcdepasu (AnAT), acmapra-
taminotpancdepasu (AcAT), a Toi yac sK
BMicT XC mimonpoTeiHiB BHCOKOI IIIIBHOCTI
3pocras [5].

Bimomo, 1m0 piBeHb aipoIlliHy € HIDKYAM Y
MAI[iEHTIB 3 IMIEMIYHOK XBOPOOOK cepis Ta
Npyd O3HaKaX pPeMOJENNOBaHHS Miokapaa [3].

BaxnuBuM  3aJIMIDAETBCS  IPOTU3ANAJIbHUN
edekt aapomniny. Bin Mae HeaOusIKe 3HAYECHHS Y
NaToreHe3l  arepockieposy, SAKUH, fAK 1
OKUPIHHS,  CYNPOBOUKYETBCS  XPOHIYHUM

3anajgbHUM TPOIECOM, i € BaroMUM (aKTOpoM
pr3uky Al Ta iHIIMX 3aXBOPIOBaHbL CEPIIEBO-
cyauHHoi cuctemu [1].

HesBaxaroum Ha psg  IOCHIIKEHb LIOAO
BU3HAUYEHHS BIUIMBY ajpomiHy Ha mepelir Al
OTPUMaHi pPe3yJIbTaTH BHKIHUKAIOTh Cylepeu-
HOCcTi. B Toif wac sik y JiTel 3 OXUPIHHSAM He
Oyno 3HaiiieHo B3aeMO3B’s3ky Mik AT Ta
piBHEM ajpomiHy, y nxopociux ocio 3 Al
KOHILIEHTpALlisl MENTUAY 3HIKYETbCA y MOPIB-
HSHHI 3 IPaKTUYHO 3J0pOBUMH ocobamu [6, 7].
3HayHe 3HW)KEHHS BMICTY ajpoIiHy Bigmiua-
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10Th y 0ci0 3 AT Bumum 3a 180/110 mm pr. CT.
[8]. OxpiM 1BOrO, B OKpPEeMHX TOCIHIIKEHHIX
BiMiYald MiJBUILEHHS BMICTYy TOPMOHY Y
namieHTiB 3 Al, a Takox Ha (OHI JIKyBaHHS

capTaHaM# Ta OJIOKaTOpaMH  KaJbIliEBUX
kanamiB [9-11]. He Oymo 3HaiimeHo »XOmHOI
KOpeJAIii  MDK  CTyIeHeM  YIIKOKEHHS

opraHiB-Minieneii npu Al Ta piBHeM aapomiHy,
10 BiJIKUa€ MOXIJIMBICTh BUKOPUCTAHHS JaHOT
MOJIGKYJIH Y SIKOCTI TPEAUKTOpPA PO3BHUTKY
OprauiuHuX 3MiH 3 60Ky opraHiB-mimreneii [8].

I B mpoMy acmekTi akTyaJbHOIO € OITiHKa
piBHSA aApomiHy Ta HOro B3aeMomia 3
JOJIATKOBUME ~ (pakTopamu  pusuky Al 'y
MOETHAHHI 3 OKUPIHHAM Ta HaJMIPHOK MacCOI0
Tiza. MeTor JOCHIKCHHS € BHBUCHHS PIBHS
aZpomiHy Ta Horo B3aemofii 3 ¢akTopaMu
pusuky Al y mamieHTIB 3 HaJIUIIKOBOIO
MAaco¥0 TiJla Ta OKUPIHHSIM.

MATEPIAJIA I METOJU

O6crexeno 70 nmamienTis 3 Al" 1 HaEMipHOIO
Macor Tijda Ta OXHUpiHHSIM Bikom 61,2+ 9,4
pokiB Ha 06a3i JIpBiBCBKOTO  0OJIACHOTO
KIIIHIYHOTO JIIKyBaJIbHO-JIarHOCTHYHOTO Kap-
JIOJIOTiYHOTO HEHTPY. s KOHTpONbHOI Tpyu
Oynu BimiOpaHi 10 mpakTHYHO 30pOBUX 0OCI0.

Ob6crexxenns oci6 Oyno  oOrpyHTOBaHe
ITiITUCaHHSAM J0OPOBLTBHOT 3rOAM TMaIlli€eHTa Ha
y4acTh y JIOCIHIDKEHHI, sKa Oyla 3aTBepikeHa
VHIBEPCUTETCHKOIO KOMICi€l0 3 0i0eTHKH Ta
BiAIIOBigaIa cTaHAapTam I'eabCiHKCHKOT
nexiapaiii BcecBiTHROT MeauuHOi acoriarii
«ETH4HI NPUHIKIKN MEIUYHUX JOCIIKCHb 3a

y4acT0O  JIOAMHH Yy  SKOCTI  00’€KkTa
JIOCII JKEHHS.
KputepisMu BKIIOYEHHS OO0 ydYacTi y

JIOCIIDKeHH] Oyu: Bik maitieHTiB 40—75 pokis;
aprepianbHa rineprensis; IMT > 25 kr/m?,

3 MOCHIKeHHST OyJM BUKJIIOYCHI Malli€HTH
3: CYNyTHIMA 3aXBOpIOBaHHsIMH Yy (asi
JIEKOMITCHCAIIi{; HAPKOTUYHOIO T aJIKOTOJILHOIO
3aJISKHICTIO;  OHKOJIOTIYHOIO  TATOJIOTIEND;
BIKOM ITOHA[] 75 POKIB.

Ycim  ocobaM  TPOBOAWIN  BH3HAYCHHS
0a30BUX IMOKA3HHWKIB OIOXIMIYHOIO aHalizy
KpoBi. PiBeHb ajpomiHy BHM3HAYadM LUIIXOM
imyHodepmentHoro anamisy (Finetest Elisa Kit)
y CUpPOBATLi KpOBi.

Hiaruo3 AI' BcraHosmoBanu ocobam i3 AT
>140/90 MM pT. cT., @ TaKOX TAIli€HTaM 3

paHilie  BCTAaHOBJICHMM  JIarHO30M,  SIKI
nepedyBaJii Ha AaHTUTINEPTEH3UBHINH Tepamii
(2018 ESC/ESH  Guidelines  for  the

management of arterial hypertension).
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CratuctyHa o0poOka pe3yibTaTiB Oyia
npoBeleHa Yy JLEH3IHHOMY MNpPOTrpaMHOMY
3abe3meueHni  Microsoft  Excel  (2010).
Pesynbratu mpeacTaBieHi y BUTIISAL CEpeAHIX
BEIMYMH Ta CEPEIHbOIO  KBAAPATUIHOTO
BIIXWJICHHS /IS TMapaMeTpiB i3 TrayCiBCBKUM
PO3IOIIIOM, Ta MEIiaHu 1 MPONCHTHIICH — I
HETayCiBCBKOTo po3moaiy. BukopuctoByBamu
t-kpurepiii CThromeHTa Ta KpuTepili MaHHa-
VitHi-BinkokcoHa nais TpOBEOCHHA IOPiB-
HSUTBHOTO ~ MDKIPYIOBOTO aHami3y. PiBeHb
JO0CTOBIpHOCTI mpuiimanu mpu p < 0,05.

PE3YJIbTATH

Oninka piBHS aJpomiHy MPOBOJAMIACH 13
BpaxyBaHHSIM HAaCTYITHUX (aKTOpiB: CTaTi, BIKy
(Momommni Ta crapmii 3a 60 pokiB), aHaMHE3y
TIOTIOHOTIANIIHHS, HAsSBHOCTI HAaIMIPHOI Macu
Ti]a Ta OXUPIHHS, PiBHSA TIIOKO3W BEHO3HOI
KpOBi HaTIe (HIKYe Ta BHLIe 3a 6,1 MMOIB/),
CKOpOTJIMBOI 3MaTHOCTI Miokapay (dpaxiis
BUKUAY MeHIIe Ta Oinbme 55 %), moka3HHKIB
cucromunoro (cAT) i miactomiudoro (mAT)

aprepianbHoro TucKy, crtamii Al (tabm. 1,
puc.1). Cranmito A BcTaHOBIIOBA M i3
BpaxyBaHH]IM CEpLEBO-CYIWHHOTO PH3HKY,
iHIINX (QaKTOpiB PU3UKY Ta YpakeHHsS OpTaHiB-
MimieHe (cepris, HHPOK, TOJOBHOTO MO3KY,
ciTkiBKH, cynmuH). Posmomin oci6 3a AT
3MIACHIOBaBCS 3 BpaxyBaHHAM MEIIaHHOTO
snaueHHs: AT (150/95 mm pT. cT) cepen ycix
namieHTiB. OxupiHHS Oyno AiarHOCTOBaHO Y
37 ocib, a came: oxupinns | crynens y 20 ocib
(IMT =32,0+ 1,5 kr/m?), II crymens — y 17
(37,6 £ 1,7 xr/m?).

BcranoBieHo, 1m0 cepemHid  piBEHB
aapominy y narientiB 3 Al' Ta xomMopOimHUM
OXXHMPIHHSAM Y4 HaJMipHOK Macoro Tina (n = 70)
oys  851,0(502,8; 1060,0) mr/mMa, 1mo €
JIOCTOBIPHO HIDKYHMM 32 BMICT JaHOTO IMENTHIY
y MOpakTHYHO 310poBUX o0ci6 (N =10), sxwuit
craHoBuB  1084,6 =110,2 nr/mn  (p <0,01),
poTe He OyJIo 3HAWJICHO JOCTOBIPHHUX 3MiH
IpH  TOPIBHSHHI ~ BMICTy  aApoOIiHy  3a
TCHJICPHOIO, BIKOBOIO O3HAKOIO Ta cramiero Al
(p > 0,05).

w
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=]
&
Q
=)
=
*

1200 B [Tamtieatu 3 A, koMmopOigHIM
1084,6 OYKMPIHHSM Ta HaIMIPHOIO
& Macoio tina (n=70)
= 1000 | & # KonrposnbHa rpyna (n = 10)
2 i
= B 893,0 880.6
= " ,
= i : o 846,7 T [Tanste (N=33)
= o0 1738
= Q:: 7;?6’4 73 B He mansats (N=37)
= SE B
P N 7
o =
£ 600 1\ i -,
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=¥ 5
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v i .
Q: ﬁ # ['moko3a BEHO3HOI KpoBi > 6,1
Q'- - MMOJIB/1 (N=23)
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0 LY . . = 3

HasBHicTs OxupinHS **

Hpumimku: * —p < 0,01 npu nopienanni epyn; ** — p < 0,05 npu nopienauni epyn

Puc. 1. IopiBusinnst piBHA agpominy y ocid 3 AI' Ta KoMOpPOITHMM OKHPIHHAM YH HAJAIHIIKOBOIO
MAacol0 TijIa 3a HAfIBHICTIO aHAMHe3Y TIOTIOHONAJIIHHSA, OXKHUPiHHSA, PiBHA TIJIIOKO3H KPOBi, 2 TaK0X 3

MNPAKTUYHO 310POBUMM JIOIbMH

Fig. 1 Comparison of adropin level in individuals with hypertension and comorbid obesity or excess
body weight according to smoking history, obesity, and blood glucose level, and with practically healthy

individuals
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MAacoI0 Tija i 03KUPIHHAM 3 BpaxXyBaHHAM OKpeMHUX (aKToOpiB pU3NKY

Comparison of serum adropin levels in patients with arterial hypertension and
overweight and obesity, taking into account some risk factors

Tabmuus 1

Table 1

I'pyna xBopux PiBensn I'pyna xBopux PiBens agpominy P
agpominy (nr/mu)
(nr/mJ)
YoJoBikH 768,0 Kinku 871,0 >0.05
(n=40) (574,5; 1003,8) (n=30) (554,0; 1066,8) '
Bik < 60 pokis 850,0 Bik > 60 pokis 830,0 >0.05
(51,9 £ 7,4 pokis; n = 26) | (590,3; 1113,5) (68,6 £6,0; n=44) (522,3; 957,8) '
[Tamare 603,0 He mansarte
(n=33) (430,0; 948,0) (n = 37) 893,04£236,6 | <001
25,0 < IMT < 29,99 kr/m? IMT > 30 kr/m? 610
(27,6 £ 1,5 kr/m?; 880,6 +287,6 (34,3 £ 3,1 kr/™m?, ) <0,05
n=33) n=37) (447,0; 915,0)
I'moko3a < 6,1 MMONIB/IT 8840 I'moxo3a > 6,1 MMOB/IT
(5,2 £ 0,7 mmonb/1; (605,5: 11108 8) (8,4 £ 2,5 MmMob/It; 707,3 £220,9 <0,05
n = 46) ” ' n=23)
OB <55% 888,0 ®B >55% 806,0 >0.05
(43,8 + 7,0 %; n=19) (603,5; 1133,0) (59,4 +2,4 %;n=47) (456,5; 949,0) !
ATc <150 mm prT.cT. ATc > 150 MM pT.CT.
(145957 mupr. cr; | S 2EBA3 16744 10.9 mu pr. or.: ( 431622’872 5 | >005
n=39) n=231) o !
ATn <95 MM prT. CT. ATn > 95 mm pr.cT.
(88,8 + 5,0 MM pr.CT.; 841,5+262,9 (101,0 £4,3 MM pT.CT; (44862_1é29 0) >0,05
n= 40) n= 30) 19y )
AT 11 cramii 817,0 AT 11 cramii 878,0 >0.05
(n=52) (522,3; 983,3) (n=18) (604,8; 1100,0) '

Y Hamomy JAOCHIPKEHHI CHOCTEepiraemMo
TEHJCHINIO JI0 3HWKEHHS DIBHS aIpoIliHy ¥y
YOJIOBIKIB, @ TAKOK BIK MaB HEraTUBHHUH BILIMB
Ha KOHIIEHTPAIIII0 TENTUAy, IPOTe NaHi 3MiHU
He Oymu pocroBipuumu (p > 0,05). He Oyno
3HAM/IEHO JIOCTOBIpPHHX 3MiH y KOHIIEHTpAii
TOPMOHY B 3aJie’kHOCTI Bij piBHs AT, a Takox
cramii AI, mpore BigMiueHO JOCTOBiIpHE
3HIDKEHHS KOHIIGHTpAILlii MenTHIy y TMaIli€HTiB
3 MiJBUIIEHHUM BMICTOM TIJIIOKO3M KpoBi (p <
0,05). YV mnamientiB 3 oxwupinasm (IMT >
30 kr/M?) piBeHb aapomiHy OyB JIOCTOBIPHO
HwkauM (p < 0,05), Tonmi sk i B oci6 3 AT >
150/90 cnocrepiranM TEHAGHINIIO 0 WOro
3HmkeHHs (p > 0,05).

OBI'OBOPEHHS

3rifHO 3 JiTepaTypHUMHU JaHUMH BiJIOMO,
0 KOHIICHTpAIlisl aapoIiHy OyJia 3HUKCHOIO Y
oci6 3 AI' B TOpiBHAHHI 3 MPAKTUYHO
3M0poBUMHU  ocobamu, 10 30iraerecs 3
pe3yibTaTaMyd HAIIOrO0 AOCHiIKEHHS. TakKox
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Oyiu 3Hal/IeH] 3MIHHM 3a T'CHJIEPHOIO 03HAKOIO,
a caMme BHLIMN PiBEHb TOPMOHY PEECTPYBABCS y
oci0 dYoJOBIUOI CTaTi Ta 3HIDKYBAJACh WHOTO
KoHIleHTpallist 3 Bikom [1-3]. Ile moxke Oytn
OB’ S13aHO 3 OOTSHKCHUM KOMOPOIAHMM (hOHOM
MAIli€HTIB, Ta JOJATKOBUM BIUIMBOM CYITyTHIiX
MaTOJIOTI Ha KOHIICHTPAIIIIO aJIpOIiHy B KPOBI.
Y  HamoMy JIOCHIDKEHHI  CIOCTEpiraeMo
TEHJEHIII0 /0 3HIKEHHS PIBHA TOPMOHY Y
YOJIOBIKiB, [0 HMOBIPHO MOB’S3aHO 13 3HAYHO
OLTBIIIOO MOIIUPEHICTIO TIOTIOHOMIATIIHHSI cepe/]
JlaHOi KaTeropii oci0, OCKUIbKM MH BHSBHJIH
JOCTOBIPHE 3HIDKCHHS TENTHAY Y Jrojed 3
aHaMHE30M TIOTIOHOM A HHSI.

Pesynpratn mociiUKeHHS TPOIEMOHCTPY-
Bamu, mo piBenb AT He € KPUTUYHUM
MOKA3HUKOM JIJIsl OIIIHKH PIBHS QJIpOIiHY, 5K i
ypaXXeHHsI OpraHiB-MillleHEH, OCKIJIbKH CTajis
Al He Oyna  penpe3eHTaTHBHOK st
BCTaHOBJICHHS  JOCTOBIPHHUX 3MiH  BMICTY
azaporniHy B KpoBi. Lle moxxe OyTu moB’s3aHo i3
JOJATKOBUM  BIUIMBOM aHTUTINEPTEH3UBHHUX
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MEIUKAMCHTIB, KOTpi CIIPUSIITH 3MiHI
KOHIIGHTpalii TOPMOHY Ta  HIBENIOBAJIH
nepBuHHui BB AT, ockigbku — Oynu

JIOBeJIeHi 3MiHM KOHIIEHTpalil aaponiny Ha T
mikyBanns [10].

Y nmomepemHix MOCTI[KEHHAX He Oyio
3HAWEHO  B3a€EMO3B’SI3KYy  MDK  piBHEM
CHPOBATKOBOTO aJpOMiHy Ta KOHICHTPALEO
TJIIOKO3W  KpoBi, mporte, y ocid6 3 Al Ta
HaJMIpHOIO Macol Tila 1  OKUPIHHAM
BiIMIYEHO 3HIDKEHHS pIiBHA TOPMOHY i3
3pocTtaHHsAM BMicTy Tiokosu (p < 0,05). B Toit
ke dYac, OyB 3HalIEeHWIl B3a€EMO3B’ 30K MIXK
aZpOIIiHOM Ta IHCYTIHOPE3UCTEHTHICTIO, IO
BaXUIMBO y  TATOT€HE31  METa0OJIYHUX
nopymess [9].

OXUpIHHS CIPHUSE€ PO3BUTKY XPOHIYHOTO
3ananabHOTO poLecy Ta BUIJICHHIO
Mpo3anaibHUX ITUTOKIHIB, KOTpi BigirparoTh
BXXJIUBY POJIb y MATOT€HE31 aTepOCKIEPO3y Ta
3aXBOPIOBaHb  CEPLEBO-CYAMHHOI  CHUCTEMH.
3HMKEHHSI KOHLIEHTpalii aApoIiHy, SKe MH
crioctepiraemo y oci6 3 Al' ta oxupiHHAM
30ira€Tbcs 3 pe3yNbTaTaMH 1HIIUX JTOCIiIKEHb
Ta AOBOIUTH MPOTH3AMAJIbHUN €(PEeKT HaHOTrO
TOPMOHY Ta HETaTHUBHY acoLialifo HOro BMICTY
3 HagMIPHOIO Macol Tila Ta OXUPIHHAM
[1,7,8].

AnponiH Ta Horo acoriamist 3 QakTopamMu
pusuky Al mae HeaOuske 3HAa4YeHHS Y
NaToreHe3l  CcepueBO-CYAMHHOI  maTouorii,
OCKITBKM ~ Momudikalilis  crnocody  KHUTTA,
BKIIIOYHO 31 3HIDKCHHAM MacHh Tila Ta

CIIMCOK JIITEPATYPH

BIJIMOBOIO BiJ IIKiJJINBUX 3BUYOK HMOBIPHO
MOXKYTh TIOKpAIIyBaTH MPOTHO3 MaIlieHTiB 3 AT’

Ta  3HIDKYBaTH  WMOBIPHICTH  PO3BUTKY
YCKJIaTHEHb.
BUCHOBKH
AnpomiH  Bimirpae TeBHy  poilb B

MeTabOoIIYHUX MpoIiecax, OB’ I3aHUX 3 CHepre-
THYHHM T'OMEOCTa30M, TIIKOJIMIHUM 0OMIHOM
Ta BOJIOJIE IUTONPOTEKTUBHUMH e(eKTaMu.
ITokazuukn AT He € KPpUTHUYHUMH IJIs 3MIHU
KOHIIEHTpAIii TOPMOHY KpOBi, IO WMOBIPHO
TIOB’S3aHO 13 BIUIMBOM JIKAapCHKUX 3aco0iB,
KOTp1 3aCTOCOBYIOTh JiIsl JlikyBaHHs Al

PiBeHb CHpPOBATKOBOTO aIpoIiHy JOCTO-
BIpHO 3HIKYEThca y oci0 3 Al' Ta HagMipHOIO
Macor Tila i OXHUPIHHAM B TIOPIBHSHHI 3
KOHTPOJIbHOIO TPYIOK TPAKTHYHO 3JT0POBHX
oci6. dakTopamu, IO CIPHUSIOTH JOCTOBIPHOMY
3HIKECHHIO KOHIICHTpaIlii MENTHITY €
TIOTIOHONIAJIIHHS, OKUPIHHA Ta ITiJIBUIIICHOTO
PIiBHS TITIOKO3U KPOBi.

®IHAHCYBAHHA

BuxonanHus mocimimkeHs OyJI0 BUKOHAHO 3a
BiZICYTHOCTI 30BHILTHBOTO (DiHAHCYBaHHSI.

MOJISIKA

Bucnosmoemo HOJSIKY KEpiBHULITBY
JIOKJIJIKIT 3a HaJlaHy MOKJIUBICTh
OOCTe)XEHHST  TAIli€HTIB 3  apTepialbHOIO

rinepTeH3ielo, HaJUIMIIKOBOK MAacoro Tiia Ta
OKUPIHHSM.
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Introduction. Adropin is a hormone that is involved in the pathogenesis of arterial hypertension (AH) and
diseases of the cardiovascular system and energy homeostasis, in particular, it reduces insulin resistance by
controlling glucose synthesis in the liver.

Aim. To investigate the level of adropin and its interaction with risk factors for AH in overweight and
obese patients.

Materials and methods. 70 patients with AH and overweight or obesity aged 62.4 + 10.4 years were
examined. 10 practically healthy people were selected for the control group. The level of adropin was
determined by enzyme immunoassay (Finetest Elisa Kit) in blood serum. The inclusion criteria for
participation in the study were: age of patients 40-75 years; arterial hypertension; BMI > 25 kg/m2.

Results. It was established that the average level of adropin in patients with AH and comorbid obesity or
excess body weight (n=70) was 775.5 + 311.7 pg/ml, which is significantly lower than the content of this
peptide in practically healthy individuals (n = 10), which was 1084.6 + 110.2 pg/ml (p < 0.01). A tendency
towards a decrease in the level of the hormone in men was noted. It is probably associated with a much higher
prevalence of smoking among this category of people, since when assessing the factors contributing to the
development of AH and worsening its prognosis, a significant decrease in adropin was found in persons with
a history of smoking (p < 0.01). In obese patients (BMI > 30 kg/m2), the level of adropin was significantly
lower (p < 0.05), as well as in individuals with blood pressure > 150/90 mm Hg (p > 0.05).

Conclusions. The level of serum adropin is significantly reduced in persons with AH and overweight and
obesity compared to practically healthy persons. Factors contributing to a decrease in peptide concentration
include smoking, obesity, and elevated blood glucose levels. Blood pressure indicators are not critical for
changes in blood hormone concentration, which is probably due to medications used to treat AH.

KEY WORDS: arterial hypertension, adropin, obesity, comorbid pathology, metabolic syndrome

INFORMATION ABOUT AUTHORS

Pokrovska Nataliia, PhD-student of the department of therapy Ne 1, medical diagnostics and hematology and
transfusiology FPGE; Danylo Halytsky Lviv National Medical University; 69, Pekarska street, Lviv, Ukraine;
e-mail: gradst_pokrovska_natalita@meduniv.lviv.ua; ORCID: https://orcid.org/0000-0002-7835-5878

Eugen Sklyarov, MD, PhD, Professor, head of the department of therapy Ne 1, medical diagnostics and haematology and
transfusiology FPGE; Danylo Halytsky Lviv National Medical University; 69, Pekarska street, Lviv, Ukraine; e-mail:
depther2015@gmail.com; ORCID: https://orcid.org/0000-0001-9037-0969

For citation:

Pokrovska NK, Sklyarov EY. ADROPIN AND RISK FACTORS OF ARTERIAL HYPERTENSION IN PATIENTS
WITH EXCESS BODY WEIGHT AND OBESITY. The Journal of V. N. Karazin Kharkiv National University. Series
«Medicine». 2022;45:44-50. DOI: 10.26565/2313-6693-2022-45-05

REFERENCES

1. Ali II, D’Souza C, Singh J, Adeghate E. Adropin’s Role in Energy Homeostasis and Metabolic Disorders.
Int J Mol Sci 2022;23:8318. https://doi.org/10.3390/1IMS23158318.

2. Erman H, Ozdemir A, Sitar ME, Cetin SI, Boyuk B. Role of serum adropin measurement in the
assessment of insulin resistance in obesity. J Investig Med 2021;69:1318-23. https://doi.org/10.1136/JIM-

49


mailto:gradst_pokrovska_nataliia@meduniv.lviv.ua
https://orcid.org/0000-0002-7835-5878
mailto:depther2015@gmail.com
https://orcid.org/0000-0001-9037-0969

The Journal of V.N. Karazin Kharkiv National University. 2022

2021-001796.

3. Wang B, Xue Y, Shang F, Ni S, Liu X, Fan B, et al. Association of serum adropin with the presence of
atrial fibrillation and atrial remodeling. J Clin Lab Anal 2019;33:33. https://doi.org/10.1002/JCLA.22672.

4. Lovren F, Pan Y, Quan A, Singh KK, Shukla PC, Gupta M, et al. Adropin is a novel regulator of
endothelial function. Circulation 2010;122. https://doi.org/10.1161/CIRCULATIONAHA.109.931782.

5. Akcilar R, Kogak FE, Simsek H, Akcilar A, Bayat Z, Ece E, et al. The effect of adropin on lipid and
glucose metabolism in rats with hyperlipidemia. Iran J Basic Med Sci 2016;19:245.

6. Altincik A, Sayin O. Evaluation of the relationship between serum adropin levels and blood pressure in
obese children. J Pediatr Endocrinol Metab 2015;28:1095-100. https://doi.org/10.1515/JPEM-2015-
0051/MACHINEREADABLECITATION/RIS.

7. Gu X, Li H, Zhu X, Gu H, Chen J, Wang L, et al. Inverse correlation between plasma adropin and ET-1
levels in essential hypertension a cross-sectional study. Med (United States) 2015;94.
https://doi.org/10.1097/MD.0000000000001712.

8. Gulen B, Eken C, Kucukdagli OT, Serinken M, Kocyigit A, Kilic E, et al. Adropin levels and target organ
damage secondary to high blood pressure in the ED. Am J Emerg Med 2016;34:2061-4.
https://doi.org/10.1016/J.AJEM.2016.04.014.

9. Maciorkowska M, Musiatowska D, Matyszko J. Adropin and irisin in arterial hypertension, diabetes
mellitus and chronic kidney  disease. Adv  Clin Exp Med 2019; 28.
https://doi.org/10.17219/ACEM/104551.

10. Celik HT, Akkaya N, Erdamar H, Gok S, Kazanci F, Demircelik B, et al. The effects of valsartan and
amlodipine on the levels of irisin, adropin, and perilipin. Clin Lab 2015;61:1889-95.
https://doi.org/10.7754/CLIN.LAB.2015.150420.

11.Bozic J, Kumric M, Kurir TT, Males I, Borovac JA, Martinovic D, etal. Role of Adropin in
Cardiometabolic Disorders: From Pathophysiological Mechanisms to Therapeutic Target. Biomedicines
2021;9. https://doi.org/10.3390/BIOMEDICINES9101407.

Conflicts of interest: author has no conflict of interest to declare.
Kongnikm inmepecie: giocymmiii.

Ompumano. 12.09.2022
IHpuiinamo oo opyxy: 20.11.2022
Received: 09.12.2022

Accepted: 11.20.2022

50


https://doi.org/10.7754/CLIN.LAB.2015.150420
https://doi.org/10.3390/BIOMEDICINES9101407

Series «Mediciney. Issue 45

REVIEW

V/IK 616.211-002-021.5-085.218.3-085.276:615.451.35 DOI: 10.26565/2313-6693-2022-45-06

AN ALGORITHM RECOMMENDATION FOR THE
PHARMACOLOGICAL MANAGEMENT OF ALLERGIC
RHINITIS IN UKRAINE: A CONSENSUS STATEMENT
FROM AN EXPERT PANEL

Bil Bogdan™® ¢ P EF Chopyk Valentyna®™ &, Deeva Yulia®F Dytiatkovska Yevgenia® ¢ F,
Gogunska Inna*®&F Popovych Vasyl* ® P& F Romaniuk Lilia®F, Umanets Tetiana® F,
Zabolotna Diana® F, Zaikov Sergii* & F

A —research concept and design; B — collection and/or assembly of data; C — data analysis and

interpretation; D — writing the article; E — critical revision of the article; F — final approval of the article

Summary. Allergic rhinitis (AR) is increasing at an alarming rate in Ukraine. The clinical picture of AR in
modern conditions is changing towards more severe and mixed forms. Allergic rhinitis, especially moderate to-severe,
has a negative impact on patient quality of life, productivity, direct, and indirect costs. Achieving adequate symptom
control is essential for successful AR management, and relies mostly on pharmacotherapy. Most patients use multiple
medications to control symptoms faster and better, but symptoms may persist. With the advent of new combination
therapies, such as the intranasal formulation of azelastine hydrochloride and fluticasone propionate in a single device
(MP-AzeFlu) like Dymista®, most AR symptoms can be treated effectively. MP-AzeFlu acts synergistically and
blocks two important pathophysiological pathways involved in the early- and late-phase reactions of the disease,
providing rapid relief from all AR-associated symptoms. A total of 13 experts from Ukraine, Germany, and India
participated in the development of this consensus statement. The lead author drafted the questions pertaining to
diagnosis, management, treatment adherence, and real-life evidence of AR in Ukraine, and was agreed with the co-
authors and expert panel. This consensus is obtained through guiding statements and recommendations based on
literature evidences (recent research outcomes, randomized, and comparative studies), clinical practices and personal
experience of using MP-AzeFlu in AR by allergist/ immunologists/ otolaryngologists from Ukraine. This consensus
statement aimed to assist practitioners in selecting the appropriate treatment strategies, facilitate optimum use of MP-
AzeFlu and provide symptomatic relief for patients with AR in the in Ukraine.

KEY WORDS: allergic rhinitis, azelastine hydrochloride, fluticasone propionate, disease management,
Ukraine
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INTRODUCTION

Allergic rhinitis (AR) is an
immunoglobulin E (IgE)-mediated inflamma-
tory disorder of the nasal mucosa, induced by
airborne allergens [1, 2]. Prevalence is high
globally and affects > 400 million people
worldwide [3], and is increasing at an
alarming pace in Ukraine, ranging from 6 %
to 24.7 % [4, 5]. Despite a substantial psycho-
socio-economic  burden, AR  remains
underdiagnosed, underestimated and
undertreated in Ukraine [3]. Patients often
tend to ignore the disease till it progresses to
moderate-to-severe form, while those with
mild AR might not report at all. Patients also
prefer to self-manage the disease with over-
the-counter drugs and depend on internet and
advice from neighbors and family doctors.
Even if they reach the specialty clinic, a low
physician to patient ratio (107 physicians per
one million patients), keeps the need unmet.
Condition is worsened with polypharmacy
and discredit of topical corticosteroids, with
no symptomatic relief. About 80 % of the
patients in Ukraine develop polysensitization
and progress to moderate-to-severe AR, upon
missing timely monotherapy [6]. Therefore,
optimization of treatment modalities is
critical as suboptimal management increases
morbidity and impairs patient’s functional
capacity. The local data presented in this
section is solely based on expert opinions in
the backdrop of lack of official statistical
records.

The key unmet needs in AR are poor
efficacy, lack of 24 h coverage for symptom-
matic relief, breakthrough symptoms, lack
both nasal and ocular symptom control, and
side effects [7-9].

MP-AzeFlu (Dymista®), is a new addition
to the AR therapeutic armamentarium,
comprising an intranasal formulation of
antihistamine (INAH; azelastine hydrochlori-
de [AZE], 137 pg/spray) and an intranasal
corticosteroid (INCS; fluticasone propionate
[FP], 50 pg/spray) in a single device [10]. Tt
offers broad pathophysiological coverage by
incorporating two different drug classes with
different yet complementary modes of action.
The combination antagonizes both early- and
late-phase allergic responses, is convenient to
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use, and has the potential to be considered as
the drug of choice for the management of
patients with AR in Ukraine. MP-AzeFlu is
indicated for symptomatic relief from
moderate and severe seasonal AR (SAR) and
perennial AR (PAR) in patients aged
> 12 years), considering monotherapy with
either INAHs or INCS is not sufficient [11].

With a steadily increasing disease
prevalence coupled with lack of awareness
around disease and treatments, a patient-
centered approach to AR management is
warranted. Therefore, a consensus guideline
was developed to optimize the usage of MP—
AzeFlu for the management of patients with
AR in Ukraine.

METHODS: CONSENSUS PROCESS

The current consensus reviews the recent
evidence on AR and presents evidence-based
recommendations on the use of MP-AzeFlu
for the management of AR in Ukraine. An
expert panel of 13authors from Ukraine,
Germany, and India with prior national and
international publications in AR participated
in this consensus statement development. In
order to impart the highest possible evidence
base for the use of MP-AzeFlu in the mana-
gement of AR, a systematic review of the
literature was initiated. Existing guide-lines,
meta-analyses, systematic reviews, randomi-
zed controlled trials (RCTs), non-RCTs, and
key cited articles relating to management of
AR were identified by conducting a literature
search from electronic database using
PubMed, The Cochrane Library, Google,
Google Scholar, and trial registers at Clinical
Trials (http://www.clinicaltrials.gov/). These
articles  were  screened, publications
considered relevant to the topic were
included, and inputs from all the participants
were sought. The lead author drafted the
guestions pertaining to diagnosis,
management, treatment adherence, and real-
life evidence of AR in Ukraine and was
agreed with the co-authors and expert panel.
All the co-authors also provided their
perspectives on unmet needs in surgical
treatment of patients with AR. The lead
author collated all the responses and
disagreement were resolved via e-mail
correspondence. Thereafter, the panel and the



authors met virtually on December 03, 2020,
and the data was reviewed and discussed. The
lead author then drafted and finalized the
consensus statement following discussion
with the co-authors and shared with the
expert panel for the final review. In case of
little or no evidence, the expert panel relied
on logical empiricism and consensus to make
their recommendations.

DIAGNOSIS

The definition, etiology and classification
of AR presented in Table 1 [12-15]. The
diagnosis of AR is mainly clinical, although
symptoms do not establish either the cause or

Series «Mediciney. Issue 45

type of AR. Therefore, clinical examination
combined with diagnostic tests are necessary
for a complete disease characterization. The
diagnosis is confirmed on the basis of family
history, social history (exposure to animal
dander, pollens and dust, pets, and possible
triggers) and visual examination [15]. In-vivo
diagnostic test includes the skin prick test
(SPT) and in-vitro include serum IgE assay.
Serum IgE testing is done either when SPT is
not available or it is not feasible due to
eczema, dermatographism, urticaria, or if the
patients are taking antihistamine (AH) or
other medications that interferes with test
results [16].

Table 1

Definition, etiology, classification, triggers, history and physical examination of allergic rhinitis

Definition of AR

Defining symptoms

Characteristics

IgE-mediated inflammation of the
nasal mucosa, induced by
exposure to airborne allergens

Rhinorrhea, sneezing, nasal
itching, and nasal congestion

Symptoms are reversible
spontaneously or with treatment

Etiology

Early-phase reaction

Late-phase reaction

Th2-mediated inflammation

¢ Rapid IgE-mediated
degranulation of mast cell and
mediator release

e Occurs in sensitized individuals
within minutes of exposure to
the allergen

o Predominantly inflammatory in
nature, characterized by
inflammatory cellular influx
comprising of T-lymphocytes,
basophils and eosinophils

¢ Prolongation of symptoms (e.g.,
sneezing, rhinorrhea), nasal
congestion lasts for 18-24 h

Classifications of AR

Seasonal: In response to a
seasonal allergen (e.g., tree
pollen)

Perennial: In response to an
allergen present all year round
(e.g., house dust mite)

According to duration

Intermittent: Symptoms are
present for <4 days/week OR for
<4 consecutive weeks

Persistent: Symptoms are present
for >4 days/week AND for >4
consecutive weeks

According to severity

Mild: All of the following
o Normal sleep

o Normal daily activities
e Normal work and school
¢ No trouble symptoms

Moderate/severe: One or more
factors are present

Factors
e Abnormal sleep
o Impairment of daily
activities, leisure, sport
o Impairment of school/work
o Troublesome symptoms

Common triggers

Trigger type Origin/specific example of trigger | Types of AR caused
Mites House dust mite, storage mites, Perennial
allergen in mite fecal pellets
Pollens Trees, grasses, shrubs, weeds Seasonal
Animals Cats, dogs, horses, mice rats Perennial

Fungi (moulds)

Alternaria, Cladosporium,
Aspergillus

Seasonal and/or perennial

Occupational induced

Flour, latex, laboratory animals,
wood dust, chlorine, chloramine,
enzymes, other airborne proteins

Reversible with early diagnosis and
avoidance but becomes chronic and
irreversible if exposure is

prolonged; may progress to asthma
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Continued of table 1

Occupation aggravated

Smoke, cold air, formaldehyde,
sulphur dioxide, ammonia, glues,
solvents

Pre-existing rhinitis can be
aggravated by work-place irritants

Components of complete history and physical

examination

History

Physical examination

Personal: congestion, nasal itch,
rhinorrhea, sneezing, eye
involvement, seasonality, triggers

Outward signs: mouth breathing,
rubbing the nose/transverse nasal
crease, frequent sniffling and/or
throat clearing, allergic shiners
(dark circles under eyes)

Family: allergy, asthma

Nose: mucosal swelling, bleeding,
pale, thin secretions, polyps or
other structural abnormalities

Environmental: pollens,
animals, mould, humidity,
tobacco use

Ears: generally normal,
pneumatic otoscopy to assess for
Eustachian tube dysfunction,
Valsalva’s maneuver to assess for
fluid behind the ear drum

Medication/drug use: beta-
blockers, ASA, NSAIDs, ACE

Sinuses: palpation of sinuses for
signs of

inhibitors, hormone therapy
sensitivity

Tenderness, maxillary tooth

Comorbidities: asthma, otitis
media, nasal polyps, sinus
involvement, conjunctivitis
hypertrophy

Posterior oropharynx: postnasal
drip, lymphoid hyperplasia
(«cobblestoning»), tonsillar

Response to previous
interventions: avoidance
measures, saline nasal rinses,
second-generation oral
antihistamines, intranasal
corticosteroids

wheezing

Chest and skin: atopic disease,

Abbreviations: ACE, angiotensin-converting enzyme; AR, allergic rhinitis; ASA, acetylsalicylic acid; 1g, immunoglobin;

NSAIDs, non-steroidal anti-inflammatory drugs

Adapted from Scadding et al. [10]; Bousquet et al. [11]; Pawankar et al. [12]; Small et al. [13]

UNMET NEEDS IN THE
MANAGEMENT OF AR

Allergens avoidance

The first-line treatment of AR involves the
avoidance of allergens including house dust
mites, animal dander, molds, pets, pollens,
and other triggers. Allergen-impermeable
bedding covers, removing pets from the home
and the use of high-efficiency particulate air
(HEPA) filters may also reduce symptoms
[13].
Education

Patients or parents of children should be
educated on the nature of allergens, allergen
avoidance, potential side effects of available
agents, alternative treatment options, and be
apprised with realistic expectations of the
results of therapy [10,17,18]. Patients should
be informed about the negative effects of AR
on their quality of life (QoL) and benefits of
complying with therapeutic recommen-
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dations. Patients should also be motivated to
attend AR educational programs in order to
become active partners in managing their
disease. Appropriate training is essential
regarding the importance of the correct use of
intranasal sprays and drops to ensure
maximum adherence to the therapy [19]. AR
education program needs to be better targeted
to  otolaryngologist’s, family doctors,
pharmacists and healthcare professionals for
better management of AR symptoms [10, 20].
Standardized allergy education of healthcare
professionals has shown to improve disease-
specific QoL in patients with PAR [21].
Mobile health

Mobile health (mHealth), including apps
running on smart devices (i. e., smartphones
and tablets) has the potential to profoundly
impact health-related services, screening of
undiagnosed patients, data and information
flow, and self-management of AR patients




[22-24]. mHealth technologies may assist
physicians in making well-informed diag-
nostic and therapeutic decisions. The recent
position papers from European Academy of
Allergy and Clinical Immu-nology (EAACI)
[22] and the American College of Allergy and
Immunology (ACAAI) [25] recommends the
use of mHealth apps for high-quality care to
patients with AR. In Ukraine, there is an
unmet need for well-informed decision
making and hence warrants the implement-
tation of mHealth for better management of
patients with AR. Several e-diaries are also
available for management of allergic diseases
in other European countries, and some
leveraged in clinical studies or observational
studies [23, 26-28].
Pharmacological treatment

If symptoms persist despite avoidance
strategies, second generation oral AHs
(OAHs) are the first-line therapies for
management of AR, have been used
commonly and demonstrated acceptable
safety and efficacy profile. Compared with
first generation OHASs, second-generation
OAHs are less sedating, with the additional
benefit of a faster onset of action within
minutes and longer duration of action [29].
The therapeutic effect of INAH is superior to
that of OHAs, with faster onset of action
within <30 mins [30]. INAHs ensure drug
delivery directly to the nasal mucosa, thus
enhancing its local anti-allergic and anti-
inflammatory effects while minimizing sys-
temic exposure to therapy [31]. Responsive
patients may be recommended to continue
INAH therapy during periods of allergen
exposure, while those symptomatic after two
weeks of therapy should be stepped-up.

INCSs are also recommended as first-line
therapy, with better efficacy than AHSs, but
slower onset of action as their maximum
efficacy is only reached after two weeks of
treatment [29, 32-34]. The combination of
INCSs and OAHs offer no advantage over
INCSs alone [35]. In case of INCSs into-
lerance or in case of non-preference, adding a
leukotriene receptor antagonists (LTRAS) to
an oral AH may be considered [36-38]. To
achieve quicker and more profound symptom
relief, MP-AzeFlu can be administered
immediately in patients with AR.

Combination treatment with INAHs and
INCSs may provide greater relief for patients
with SAR [39]. Indeed, the sequential use of
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INCS and INAH has shown benefits over
monotherapy in patients with moderate-to-
severe SAR [39]. However, there are some
disadvantages, including a negative impact on
concordance [40], increased run-off both
posteriorly and anteriorly [41], and
nonhomogeneous distribution of active agents
on the nasal mucosa [42]. Besides, it is also
inconvenient for a patient to use two sprays in
turn, within an interval of 20 minutes, which
calls for a better administration, i. e., a single
spray with both the agents.

MP-AzeFlu, is currently the only
combination therapy, is available for the
treatment of AR and has the potential for
broad disease coverage and symptom control.
This combination treatment extends an
additive advantage culminating from the
different primary mechanisms of action of the
two active agents (AZE and FP), and
adherence is enhanced as both the agents are
delivered in a single spray packaged in a
single device [41]. Single spray enhances the
delivery by providing a more uniform
distribution, larger spray pattern diameter and
area coverage, greater retention in the nasal
cavity and no runoff versus sequential dosing
of AZE and FP [42-44]. A summary of
guidelines recommending MP-AzeFlu in
combination therapy for the management of
AR is depicted in Table 2 [17, 45-47].

Two  pharmacokinetic (PK)  studies
(randomized, three-period,  six-sequence
three-treatment  crossover design) were

conducted to determine if there were any
drug-drug interactions between the active
components of MP-AzeFlu, and to evaluate
the bioavailability of these components
versus commercially available formulations
of AZE and FP [43]. Results from the PK
assessment showed no drug-drug interactions
between AZE and FP in the MP-AzeFlu
formulation. The bioavailability of AZE was
comparable to the MP-AzeFlu formulation
and marketed AZE (Astelin®) but FP
bioavailability differed between the marketed
and  MP-AzeFlu-FP-mono  formulations.
Maximum and total FP exposure was higher
for the MP-AzeFlu formulation than
marketed FP, indicating differences in how it
is constituted (formulation) and how it is
delivered (device) [43]. This unique PK
profile of the FP component within the MP-
AzeFlu formulation suggests that MP-AzeFlu
is more than just two drugs in the same
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device [43]. Four MP-AzeFlu efficacy and
safety studies were conducted over two
weeks in > 4000 patients (USA), > 12 years
of age with moderate-to-severe SAR [48-51].
The design of all four of these 2-week SAR
studies was similar. However, for three of the
studies (MP 4002, MP 4004, and MP 4006)
[50, 51], MP-AzeFlu was compared with
noncommercially available formulations of
AZE and FP which were reformulated and

prepared in the same vehicle and delivery
device as MP-AzeFlu, in order to observe the
pure pharmacological differences between
active groups, without the contribution of
formulation and device. For the fourth study
(MP 4001) [48,49], MP-AzeFlu was
compared with commercially available AZE
(i.e., Allergodil®) and a generic FP nasal
spray (i. ., Flixonase®).

Table 2
Summary of guidelines recommending MP-AzeFlu for management of allergic rhinitis
Guideline Summary
MACVIA [45] e Combination of intranasal AZE and intranasal FP in a single intranasal

formulation (MP-AzeFlu) is recommended more effective than
monotherapy, and as a first-line option for moderate-to-severe AR

EUFOREA AR Pocket
Guide 2020 guidelines [17]

e Recommends fixed combination of INCSs and INAHs (MP-AzeFlu) as
the first-line treatment option for those with difficult to treat AR

o MP-AzeFlu is the only step up option recommended by EUFOREA for
patients already on INCS with VAS score >5/10 cm

e Recommends symptom-targeted add-on treatments to MP-AzeFlu

The American Academy of
Otolaryngology-Head and
Neck Surgery Foundation
(AAO-HNSF) guidelines
[46]

¢ Recommends combination pharmacologic therapy in patients with AR
uncontrolled with monotherapy

2020 ARIA NEXT
generation guidelines [47]

e The specific recommendation is given in tiers, tier 1: AH, LTRA or
cromones; tier 2: INCS; tier 3: MP-AzeFlu; tier 4: oral corticosteroid
(short course); tier 5: allergen immunotherapy

e In treatment initiation, MP-AzeFlu is recommended as a first-line
treatment option in patients with moderate-to-severe, intermittent AR,
and in patients with persistent AR regardless of its severity

e It is necessary to consider the patient's preferences in order to improve
compliance, because adherence to treatment is the main unresolved issue
in AR

o Before intensifying therapy (step-up), it is necessary to check again the
diagnosis, adherence to treatment, the impact of comorbidities, the
presence or absence of anatomical abnormalities of the nasal cavity

o MP-AzeFlu is recommended as a first-line step-up treatment option in
all scenarios of AR.

e Strengthening of pharmacotherapy with the transition to a fixed-dose
combination is appropriate a) for all patients who are already receiving
AR treatment with VAS score >5; b) for those who are already taking a
fixed-dose combination of AZE and FU and have a VAS score >3, it is
possible to add oral glucocorticosteroids as a short course; c) if the
assessment of AR by VAS remains >5/10, the use of ASIT should be
considered

e When taking a fixed-dose combination of AZE and FP: step down to
INCS or INAH, depending on the predominant symptoms (nasal
congestion or rhinorrhea)

e Switching treatments during step-up and step-down has the potential to
reduce compliance, and patients may prefer agents that is more effective
and fast acting, like MP-AzeFlu

Abbreviations: AH, antihistamine; ARIA, allergic rhinitis and its impact on asthma; AR, allergic rhinitis; ASIT, allergen-
specific immunotherapy; AZE, azelastine hydrochloride; EUFOREA, European forum for research and education in allergy
and airway diseases; INCS, intranasal corticosteroid, INAH, intranasal antihistamine; LTRA, leukotriene receptor antagonist;
MACVIA, Contre les MAladies Chroniques pour un Vleillissement Actif; MP-AzeFlu, azelastine—fluticasone propionate
combination; PAR, perennial allergic rhinitis; SAR, seasonal allergic rhinitis; VAS, visual analogue scale

The impact of MP-AzeFlu’s formula-
tion/device on clinical efficacy is suggested
treatment

from the larger

observed between MP-AzeFlu and commer-
cially available FP (i.e., MP4001 study)

differences [48, 49] versus MP-AzeFlu and reformulated
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FP (i. e., MP4002/MP4004/MP4006 studies)
[50,51], since in the latter the effect of
formulation and device have been eliminated.
This greater treatment effect versus a comer-
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cial FP occurred for each efficacy parameter
assessed, including change from baseline in
rTNSS, rTOSS, and each of the individual
nasal and ocular symptoms [48-50] (Table 3).

Table 3
Contribution of MP-AzeFlu’s formulation to its superior efficacy of over
marketed fluticasone propionate
MP 4001 (effect of formulation MP 4002/MP 4004/ MP 4006 (effect of | Formulati
included [48] formulation eliminated) [50] on effect
Parameter [\p- Markete | MP- MP- Reformula | MP-
Azeflu dFP AzeFlu-FP | Azeflu ted-FP AzeFlu-FP
(n=153) | (n=151) (n =848) (n = 846)
LS mean -5.31 -3.84 -1.47 (-2.44, -5.7 -5.1 -0.8 (-1.18, | 0.67 points
rTNSS -0.50), -0.34),
(95 % CI) p =0.0031 p=0.001
LS mean -3.33 -2.17 -1.17 (-1.91, -3.2 -2.8 -0.47 (-0.78, | 0.7 points
rTOSS -0.42), -0.16),
(95 % CI) p =0.0022 p =0.003
Patients at day 14, No. days Patients at day 14, % No. days
% advantage advantage
over FP over FP
> 50% 49.1 38.2 < 6 days, ~50 ~45 <3 days, <3 days
reduction p =0.0284 (significanc
from e not
baseline reported)
rTNSS

Abbreviations: Cl, confidence interval; FP, fluticasone propionate; LS, least squares; MP-AzeFlu, a novel formulation of
an intranasal antihistamine, azelastine hydrochloride, and an intranasal corticosteroid, fluticasone propionate, in a
single spray; rTNSS, reflective total nasal symptom score; rTOSS, reflective total ocular symptom score

Percentage of patients exhibiting >50 %
improvement in rTNSS by treatment day
showed more patients with MP-AzeFlu
achieved rTNSS reductions and did so up to
six days faster than either AZE or FP,
highlighting the fact that FP contained within
MP-AzeFlu has a different clinical efficacy
profile to marketed FP. Thus, the time
advantage of MP-AzeFlu over re-formulated
FP (i.e., <3 days) was half of that observed
versus the time advantage over commercial
FP (i.e., <6days) [50-51]. This rapid
improvement could also improve compliance.
Taken together, these results confirm MP-
AzeFlu as a new product for management of
AR. MP-AzeFlu provided  superior
symptomatic relief to FP and AZE in patients
with moderate-to-severe AR, even when the
effect of formulation and device had been
eliminated. This provides a sound evidence
for a purely pharmacological and additive
benefit over either monotherapy [50]. MP-
AzeFlu also demonstrated a significant and
speedy reduction in overall nasal symptoms
versus marketed FP in a randomized, open-
label, active-controlled, parallel-group, long-
term (52-week) study of 612 patients with
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chronic AR including nonallergic rhinitis
(NAR) and PAR [52]. Statistical superiority
of MP-AzeFlu over FP was noted from Day 1
with  consistent  statistical  significance
maintained for up to 28 weeks (-2.88 vs.
-2.53; p =0.0048), with treatment difference
sustained for 52 weeks, representing a > 75 %
reduction in symptom score in the MP-
AzeFlu group. Approximately, seven of 10
patients achieved symptom relief in the first
month of treatment and did so a median of
nine days faster than patients treated with FP
(p = 0.0024). Over 52 weeks, patients treated
with MP-AzeFlu experienced 26 more
symptom-free days than FP-treated patients
(8.4 % more, p=0.0005). A similar pattern
was observed in the PAR subpopulation [52].

In a highly controlled environmental
exposure  chamber  study, MP-AzeFlu
demonstrated significantly faster onset of
action versus the combination of INFP and
oral loratadine (LORA) (5vs. 150 min,
p <0.05), with a difference of almost 2.5 h
53]. For the first time, the significant onset of
action after 5min already reached the
minimal clinically important difference
(MCID, clinically relevant size). MP-AzeFlu
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also showed significantly (p = 0.005) greater
nasal symptom relief versus the combination
of INFP and loratadine, which did not differ
from placebo during the 4 h study period
(p=0.182) [53]. Thus, MP-AzeFlu has the
potential to be the preferred therapeutic

option for patients requiring a rapid
symptomatic improvement.
Real-life data

The controlled clinical studies don’t

represent the real-life scenarios, and hence
real-world studies are required to better
understand how treatment works and which
patient population benefits most in daily in
routine care. The efficacy of MP-AzeFlu in
real-life setting was assessed in a pan-
European noninterventional study conducted
in Germany, Scandinavia (Sweden, Norway,
and Denmark), the United Kingdom, and
Romania using a visual analogue scale (VAS)
in line with EAACI and MACVIA-ARIA
initiatives [45,54-57]. VAS is a simple,
intuitive to wuse (requiring no training),
reproducible, sensitive, has wide score
ranging from 0 mm (not at all bothersome) to
100 mm (extremely bothersome). VAS can be
used to assess total symptoms score as well as
individual nasal or ocular symptoms [58];
however, it is not used widely in Ukraine.
Results of a real-life assessment of MP-
AzeFlu by using a VAS, in a large pan-
European  population of 2988 patients
(> 12 years) with ARIA-defined moderate-
severe AR demonstrated a significant
reduction of VAS scores (0 mm-100 mm =
not at all bothersome-very bothersome) from
baseline to Day 14 (73.7 mm vs. 23.4 mm;
p <0.001), a clinically relevant shift of
50.4 mm [59]. A VAS score changes of
23 mm for AR symptoms following treatment

was considered as clinically relevant
improvement.
MP-AzeFlu-treated patients also

experienced rapid and sustained symptom
control, with one in two patients (50.3 %)
reporting that their AR was well-controlled
by Day 3 and achieving the ARIA define
control level within 3 days after treatment
initiation. Proportion of patients treated with
MP-AzeFlu who had «well-controlled» (i. e.,
VAS score <38 mm) were 18.2 %, on Day 1,
40.0% on Day 3, 66.6% on Day7, and
75.9% on Day 14. After This effect was
consistent, irrespective of disease severity,
phenotype (SAR, PAR, SAR+PAR and
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unknown phenotype), age (12-17, 18-65 and
> 65 years) or previous treatment (with
monotherapy or multiple therapies) underline
the clinically relevant response that patients
expect from a new AR treatment [59].

Kaulsay et al. assessed the effectiveness of
6 weeks of MP-AzeFlu treatment for
relieving AR symptom severity in 53 Irish
patients with persistent allergic rhinitis
(PAR), demonstrating a rapid VAS score
reduction from 73.4 mm at baseline to
31.5mm at Day28 (p<0.0001) and to
28.1mm at Day42 (p<0.0001), which
corresponds to a 57 % and 62 % change from
baseline, respectively [60]. Over half of the
patients exhibited a clinically significant
improvement (~23 mm) on Day3 and
approximately 75% on the last day of
treatment. Using the ARIA-defined VAS
score cut-off of 50 mm for controlled
symptoms, patients achieved this reduction
prior to Day 7, on average. Endoscopy was
used to assess edema, discharge, and redness
of the nasal mucosa. After treatment with
MPAzeFlu, the total endoscopy scores
significantly decreased, from 7.5 at baseline
to 3.5 at Day 28 (p <0.0001). Reductions
were observed in the proportion of patients
with severe edema (53.1 % vs. 3.8 %), thick
mucus discharge (28.3% vs. 4.8 %), and
severe redness (34.9 % vs. 0%). Increased
proportion of patients with very good or good
sleep quality from baseline (25 %) through
Day 28 (78.4 %) were seen with MP-AzeFlu
treatment, which further increased to 85.7 %
on Day 42. Decreasing proportions of patients
reported fair, bad, or very bad sleep quality
from Day7 through Day42. Symptom
improvement was seen in all patient
subpopulations irrespective of type of AR
(PAR only, SAR, and PAR), age
(adolescents, adults), baseline symptom
severity, or sex. The mucosal appearance also
improved after 28 days of treatment with MP-
AzeFlu [60].

Overall, the treatment met patients’
expectations for a clinically relevant response
expected from a new AR treatment. This
supports MP-AzeFlu as the drug of choice for
the management of moderate-to-severe SAR
and/or PAR. A recent multinational,
multicenter, prospective, noninterventional
study of 1103 participants evaluated the real-
life effect of MP-AzeFlu on symptoms of AR
and asthma using a VAS for 14 days. In total,



24 % of patients with AR reported comorbid
asthma and 81.8 % of patients with comorbid
asthma responded to AR therapy (AR-VAS
<50 mm on at least 1 study day). Among
patients with AR and comorbid asthma, MP-
AzeFlu improved VAS scores across all study
parameters, including AR symptoms, sleep
quality, daily work or school activities, daily
social activities, and daily outdoor activities.
Asthma symptom severity improved by
24.8 mm on the VAS along with reduction in
usage of asthma reliever medication [61].
Safety and tolerability

In general, MP-AzeFlu was well-tolerated
in clinical [52,62] and real-life studies
[9, 61], with no safety findings that would
preclude its long-term use. Most of the
adverse events (AEs) were mild-to-moderate
in severity and unrelated to treatment. The
most common AEs with MP-AzeFlu were
headache, epitaxis and dysgeusia (bitter
taste). No patient discontinued therapy due to
serious or unexpected AEs. Furthermore, in a
long-term (52-week) study of 4022 patients
(>12years) with chronic rhinitis, the
incidence of treatment-related adverse events
(TRAES) was low, with no evidence of accu-
mulation of TRAEs over time. Additionally,
nasal mucosal ulceration or perforations were
not seen, and ocular examination findings
were unremarkable [63].

RECOMMENDATIONS

e MP-AzeFlu is more effective than
INAH or INCS alone and is indicated for
patients when monotherapy with either an
INAH or INCS is considered inadequate with
moderate-to-severe AR or for patients who
require quick relief of symptoms.

e MP-AzeFlu is has a faster onset of
action, as early as Day 1, and could be a drug
of choice for the management of moderate-to-
severe SAR and/or PAR.

o MP-AzeFlu delivers the two drugs
(AZE and FP) in a single spray using a single
device, and enhances the administration in
terms of spread, coverage, and uniform
delivery of the drugs.

e MP-AzeFlu has a comparable safety
profile than its mono-components in the usual
dosage.

ALLERGEN-SPECIFIC
IMMUNOTHERAPY FOR AR
UNCONTROLLED BY
PHARMACOLOGIC AGENTS
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Allergen-specific immunotherapy may be
appropriate for those patients with AR in
whom symptoms remain uncontrolled by
pharmacotherapies [17]. Immunotherapy may
be considered in patients with persistent
symptoms predominantly due to grass pollen
allergen in Europe [64. Although some
patients experience symptomatic relief, but
some patients still remain symptomatic and
show signs of allergic sensitization [65, 66].
These patients should receive symptomatic
treatment in addition to immunotherapy for
persistent therapeutic benefits. Relapse may
occur even after a successful immunotherapy
[67], and hence further treatment options
including symptomatic treatment may be
considered.

SURGICAL MANAGEMENT OF AR

Chronic AR patients may require
comprehensive otolaryngologic care for the
presence of any anatomical deviations. Often,
coordination  between allergists/immuno-
logists and otolaryngologists is required to
maximize control of nasal congestion. In rare
cases, adjunctive surgery may be necessary to
alleviate nasal blockage due to architectonic
or architectural changes. Hence, conchotomy,

septoplasty, and vasectomy might be
indicated in affected patients [68-70].
Symptom  control using  postoperative

medications also play an important role for
better health outcomes. MP-AzeFlu would be
of great help in these patients, as it has the
potential to reduce pharmaceutical burden,
which has been already high in the operated
patients. Also, it can help manage AR
effectively by reducing multiple prescrip-
tions, number of doctor visits, referrals to
secondary care, and potentially reducing the
number of patients referred for allergen-
specific immunotherapy. This is in-line with
the UK National Health Service (NHS) cost-
saving initiatives for managing more chronic
conditions in the primary care setting [71].

ADHERENCE TO TREATMENT

Adherence to pharmacotherapy is an
essential  determinant of optimal AR
management as patients need often long-term
therapy. Medication non-adherence lowers
the effectiveness of treatment and also
increases the cost of therapy. The patients
expect faster relief, facilitating of nasal
breathing immediately, with a sustained
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benefit. MP-AzeFlu has shown the both,
faster onset of action and sustained benefit,
which tends to improve adherence. Although
there is lack of data on the impact of health
education on adherence in AR, it is believed
that physician-patient relationship is essential
in improving adherence rates.

CONCLUSIONS

MP-AzeFlu, an intranasal  unique
formulation of AZE and FP in single device,
is easy to use, effective, and safe in patients
with moderate-to-severe AR. MP-AzeFlu
provides faster and sustained symptom
control versus first-line treatments in phase 3
studies and in real-life settings, making it an

ideal treatment consideration for AR. It offers
a better symptomatic relief versus an INAH
and INCS irrespective of disease severity,
age, response criteria or phenotype. MP-
AzeFlu represents a first-line therapy in
patients with moderate-to-severe AR. Real-
life data obtained via mHealth technologies
should offer new insights into the phenotypes
and management of AR. These consensus
statements provide clarity on essential
practical issues like indications for use of
MP-AzeFlu dose, efficacy and safety. These
statements are likely to provide guidance to
physicians on optimizing the use of MP-
AzeFlu for patients with AR in clinical
practice (Fig. 1).

Diagnosis by history + SPT/serum-specific IgE allergen/ irritant
avoidance x douching/saline nasal sprays
Patient education on disease and therapy adherence

L 2

First-line care
Pharmacists-general practitioner, specialist care

=2 nasal
symptoms

Nasal corticoids and/or AHs oral non-sedating or nasal

- Difficult to treat AR
« Failure of previous treatment (step 1)
+ VAS 25, uncontrolled

A

y

First-line therapy

(INCS + INAH* [single device]
>

INCS

INCS + oral AH)

*Add-on therapies

+Isolated watery rhinorrhea: Ipratropium
=Rhinorrhoea in asthmatics: LTRA
=Occuar itch/skin rash: oral non-sedating
AH

+Ocular symptoms: intra-ocular AH or
cromones

=Sudden onset nasal blockage: nasal/
oral decongestant <7 days

Check for use, compliance, diagnosis, evaluate
co-morbidities, repeat Rx

Patient participation treatment plan

-Severe AR

+Failure of previous treatment (step 2)
“VAS 25, uncontrolled

Allergen immunotherapy (moderate-to-severe AR)
and /or
Oral corticosteroids (short courses)
and/or
Surgery (severe nasal obstruction)

and /or
Add-on therapies*

1 AR patients aiming for sustained effects

Consider referral to specialist and AIT
(AR due to i.e., pollen or HDM)

Fig. 1. Treatment algorithm for the management of allergic rhinitis in Ukraine. This figure has been

adapted from Hellings et al. [17]

Abbreviations: AH, anti-histamine; AR, allergic rhinitis; Ig, immunoglobin; INCS, intranasal corticosteroid, INAH,
intranasal antihistamine; LTRA, leukotriene receptor antagonist; SPT, skin prick test; VAS, visual analogue scal
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PEKOMEH/JAIA 3 AJITOPUTMY ®APMAKOJIOI'TYHOI'O JIKYBAHHSA
AJIEPTTYHOI'O PUHITY B YKPATHI: KOHCEHCYCHA 3ASIBA EKCIIEPTA

Binv bozoan, Yonix Banenmuna, /lecea IOnin, /lumamxoecvka €ezenin, I'ocyncoka Inna, Ionosuuy
Bacunw, Pomaniok Jlinia, Ymaneyp Temana, 3a60nomna /Jiana, 3aiixoe Cepeii

Anepriunuii puHIT B YKpaiHi 3pocTtae 3arpo3nuBuMu TeMnamu. KiliHiYHa KapTHHA ajeprivHoro pUHITY B
Cy4acHMX yYMOBaxX 3MIHIOETBCS B OiK OJIbII BaXKKWX 1 3MimmaHux (opMm. AJIEpriuHUH PHUHIT, 0COOIUBO Bij
CepeHbOT0 10 TSDKKOTO, HETaTMBHO BIUIMBAE Ha SKICTh JKUTTS MAlli€eHTiB. J[OCATHEHHS a/IeKBaTHOTO
KOHTPOJIIO CUMIITOMIB Ma€ Ba)KJIMBE 3HAYEHHS JUIsl YCIIIIHOTO JIIKYBaHHS ajepridyHOro PHHITY B OCHOBHOMY
3aJIeKUTh BiJ (hapMakoTeparrii. BibInicTh MaI[ieHTIB BUKOPUCTOBYIOTh KiJIbKa JIIKIB, 00 IMIBHIIIE Ta Kpare
KOHTPOJIIOBATH CUMIITOMH, ajieé CHMITOMH MOXYTh 30epiraTucsi. 3 TOSBOI0 HOBHX KOMOIHOBaHUX METO/IB
JIKYBaHHS, TAKUX SIK IHTpaHA3IbHUN Npernapar as3elaCTUHY TiIpoXJIOpHIy Ta (UIyTHKA30HY NPOIIOHATY B
onHomy mnpuctpoi (MP-AzeFlu), sik-or Dymista®, OUIBIIICTH CHUMIITOMIB aJepridyHOr0 pPHUHITY MOXKHa
epexrtuBHo JikyBatH. MP-AzeFlu nie cunepretndHo Ta OJIOKye 1Ba BaxMBI NaTo(i3iofiOriyHi MHIISIXH,
3aJIydeHI B pPaHHIO Ta Mi3HIO a3y peakiiid 3axXxBOPIOBAHHS, 3a0€3MeUyIoud IIBHIKE MOJETTIEHHS BCiX
CHUMIITOMIB, TIOB’SI3aHUX 3 aJIEPTIYHUM PUHITOM. 3arajoM y po3poOili 1i€i KOHCEHCYCHOI 3asBH B3SUTH Y4aCTh
13 ekcmepriB 3 Ykpaian, Himewunnan ta Iupii. [IpoBigHWiA aBTOp MiArOTYBaB NMUTAHHS, IO CTOCYIOTHCS
JIIarHOCTHUKH, JIIKYBaHHS, IPUXIIFHOCTI 0 JIKYBaHHS Ta peATbHUX JOKA3iB aJIEpPridYHOTO PUHITY B YKpaiHi, i
Oyno y3rojpKeHO 31 CHiBaBTOpaMH Ta TPymoro ekcrepTiB. Lleii KOHCEHCyc MOCSATHYTO depe3 KepiBHI
TBEP/UKEHHS Ta PEKOMEHJAIlil, 3aCHOBaHI Ha JITEPaTypHUX JOKazax (pe3yibTaTH OCTAaHHIX IOCIHiIKEHB,
PaHIOMI30BaHMX Ta MOPIBHIBHUX JOCIHIPKEHbB), KINIHIYHIN NPaKTUIl Ta 0COONCTOMY JOCBii BUKOPUCTAHHS
MP-AzeFlu mpu AP anepromoramu/iMmyHOJOraMu/oToNIapuHTOIOTaMu 3 YKpainu. L{g koHceHcycHa 3asBa
Maia Ha MeTi JOIOMOITH JIiKapsM-TIpaKTHKaM y BHOOpI BIATOBIAHWX CTpaTeTidl JIKyBaHHSA, MOJETTIUTH
ontuManbHe BUKopucTaHHA MP-AzeFlu Ta 3a0e3nmeduTd CUMITOMATHUYHE TOJICTIICHHS IS TAIliEHTIB 3
AJIePTiYHAM PUHITOM B YKpaiHi.

KITIOY9O0BI CJI0BA: anepeiunuti punim, azenacmuny 2i0poxaiopuo, iymuxkazony nponionam, 1ikyeaHms
3axeoprosatsv, Ykpaina
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BIIJIMB PIBHIB TOPMOHIB IIIUTONOIIFHOI 3AJ1I03U HA
PE3VJIBTAT PAJJIOYACTOTHOI ABJIHVIIIi DIBPUJIALIT
IEPEJICEP/b: JITEPATYPHUH OT'JISI T

Bozyn H. 10. % ©°, Bpunza M. C. »&F
A — KoHIenmis Ta mu3aiiH mociimkeHHs; B — 30ip manmx; C — aHami3 Ta iHTepmperamis gaHux; D —
HanucaHHs cTarTi; E — penaryBanns cratri; F — ocraTouHe 3aTBepKEHHSI CTATTI

Beryn. ®ibpmrsaris mepeacepap € OIHIE 3 HAWOITBII pO3NOBCIOKEHUX, KIIHITHO 3HAUYIINX CEPICBIX
apuTMill 1 TOB’s3aHa 3 MiIBUIIEHUM PHU3UKOM CMEPTHOCTI, TOCIITaNi3aliid Ta TOTiPIIEHHS SIKOCTI >KUTTS.
INommpenicts GiOpmisLii Hepeaceps B cepeaHbOMY CTaHOBUTH | % 1 Mae TEHAEHIIO 10 3pPOCTAHHS 3 BIKOM.
3arajpHOBIIOMO, IO abeparii TOPMOHIB IIUTOMOMIOHO 3aJl03M MAalOTh NPOAPUTMOTEHHUI edekT i
MIBUILYIOTh PU3UK CEPLIEBO-CYyJMHHHUX 3aXBOpIoBaHb. Ha naHuii wac Juis jikyBaHHs (iOpwisinii nepencepab
AKTHBHO 3aCTOCOBYETBHCSI palioyacTOTHA aOIslis, ska B OUIBIIOCTI BHMIAIKIB Ma€ BUCOKY €()EKTHBHICTP i
cTiikmii eext. OgHaK, penuauB QiOPHUIAMI mepeacepab MOXKe CIOCTEepIraThCs y IesSKHAX TMAIlieHTIB HaBiTh
TICIIS TPOLEAYPU pamiodacToTHOl abiramii. Bimomo, mo ¢yHKHis muTonoaioHoI 3aj1031 TiCHO TOB’s3aHa 3
YCIiXOM Pagio9acTOTHOI abJIAIIl Ta pU3UKOM pelUANBY GiOpHIIALii Iepeacep b Mics MPOLEAYpPH.

MeTo10 1150T0 JIITEPaTYpPHOTO OINISAY € BU3HAYEHHsI TOTO, IO BXKE BiZIOMO NPO BIUIMB PiBHIB TUPEOiAHUX
Ta THPEOTPOIIHOTO FOPMOHY Ha pe3ysbTaT MpOLEAYPU pajiodyacToTHOi abusmii ¢ibpusanii nepencepas, Ta
MpOaHaJi3yBaTH MONEPEIHI JOCIIIKESHHS.

Martepiann ta Meroamn. Byrno mpoBeneHoO MOBHHHU OTIIAI JiTeparypu mpo (iOpWIALi0 mepeaceplas Ta
B32€MO3B’ 130K M)XK TUPEOITHUMH Ta TUPEOTPOITHUM FOPMOHAMH Ta PEeUUANBOM GiOpuIsiLii mepeacepas mcis
paniodacToTHOI absIii, 100 BUBYUTH BIUIMB PiBHIB TOPMOHIB Ha YCITiX Pagio4acTOTHOI abiAmii Ta penuanB
¢bi0pusinii nepeacepap Mmiciist NPoLeTypH.

PesyabraTu. Jlani 3Ha4HOI KITBKOCTI JIOCHI/PKEHb CBiAYaTh MPO Te, IO YacTOTa peuuaAuBiB (iOpusmii
nepecep b 3aTHIIAETHCS BUCOKOIO MICHIS PaliouacTOTHOIT aOJIAIil, Ta TOPMOHH IIUTONOIIOHOT 3aJI031 HABITH
y Mekax peepeHTHHX 3HaYCHb BIUTMBAIOTh HA YCIIX pamiodacToTHOI abmsrmii. Takoxk maHi cBimg4aTh mpo Te,
0 Tepex MpPOIEeIypOr0 y TAIIEHTIB 13 MUCPYHKIIEI IMUTOMOMIOHOI 3all03M, HABITH 3a HASBHOCTI
CyOKITiHIYHIX (OpM, MOXKE 3HAJOOMTHCS Kpamluii MOHITOPHHT (QYHKIII MIHUTOMOAIOHOT 3aJ03W, IO MOXE
3HU3UTH YacTOTy peluuauBiB GiOpuisiii nepenceps.

BucHoBku. Ciij 3a3Ha4uTH, M0 OI[iHKA 1 KOpEKIis BCiX MoauQikyrouux (aKTOpiB PH3HKY Mepen
BUKOHAHHSM PaJioyacTOTHOT abisiuii Moke 3amoOirTd peuuavMBaM HaUITYHOUYKOBHX NapOKCH3MAaJIbHUX
APUTMIH, TOJIMIITUTH IPOTHO3 1 3aTalIbHY SAKICTh KUTTA y MAII€HTIB TaHOI TPYIIH.
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nepeacepar 1,  OTKe,  HeepeKTUBHUM

BCTYII .
ix ckopouyeHHsM [1].

BiamoBigHo 10 TBepIkKeHHS €BpoOIEHCh- oIl € OJIHI€I0 3 HaHOUIBIIT
KOTO TOBapuCTBA KapIioioriB GiOpuisis PO3MOBCIO/KCHUX,  KIHIYHO  3HAYyLIUX
nepeacepar  (PII)  Bu3HaAdaeThes, 5K cepueBux apurmiid. [lomupenicte DI B
HQ/INUTYHOYKOBA TaxiapuTMis 3 HEKOOPIH- cepeiHboMy cTaHOBUTH 1 % 1 Ma€ TEHIEHIIII0
HOBaHOIO CJIEKTPUIHOFO AKTHBAILII€I0 no 3poctanHs 3 Bikom: 10 % wnHaceneHHs y
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Bili crapmre 80 pokiB crpaxkaae na DII, i
npubnu3Ho 70 % Bunankis @I y namieHTiB
BikoM Bijg 65 10 85 pokiB. OuikyeThbes, 10 B
Mipy  CTapiHHS  HAaceleHHS  KIUIBKICTb
nanienTiB 3 @II 30impmmTecst Ha 150 % 1o
2050 poxy, mnpu 1pomy Oimbme 50 %
namientiB 3 @I 6yayts crapuie 80 pokis [2].
Yactora PII OGinpma y 4YOJOBIKiB, HIK Y
JKIHOK, aJie Iisl PI3HUIL 3MEHIIYETHCS 3 BIKOM
[3].

®I1 Moke MaTH HECHPHUATIMBI HACIIIKH,
TMOB'sI3aHi 31 3MEHIIIEHHSIM CEPIIEBOI0 BHKHLY,
a TakoX 3 yTBOpeHHsIM TpomOiB. @I
3aJIMIIA€ThCSI OAHIEI0 3 OCHOBHUX TNPHYUH
IHCYJBTY, CEpUEBOi HEJAOCTATHOCTI, PalTOBOI
CMEpTi Ta IHIIUX CEPIEBO-CYJAMHHUX TMOIii
[4]. Bcranosiero, mo narieatn 3 OI1 MaroTh
B II'SITb-CIM pa3iB OUTBIINIA PH3UK 1HCYNBTY,
HiXK HaceleHHS B Inomy. bimem Toro,
1HCYJIBTH, BTOPHHHI 10 BifgHOIIEHHIO 10 DI,
MAaIOTh TIpIIMHA MPOTHO3, HIK Y MalieHTiB 6e3
®IT [2]. [amientu 3 OI1 MarOTh iABUILCHHIA
PU3MK  CMEpPTHOCTI, TOCIiTami3amiii  Ta
MOTIPIIEHHS SKOCTI JKUTTA. 3a JaHUMH
JTepaTypH, pU3UK cMepTi y mamieHTiB 3 OII
301IBIIYETHCSA B 5 pa3iB BHACIHIJOK CEPIIEBO-
CYIVMHHUX  3axXBOPIOBaHb IOPIBHSHO 3
3araJIbHOIO MOMYJISINEO [6].

Cepen uucenpHUX (axkTOpiB, WO €
HEOOXITHUMHU Il TIATPUMKHA HOPMAIIbHOT
CTPYKTYpU Ta (YHKILIIOBaHHS CEpLEBO-CY-
nquaHOI cuctemu (CCC), omHUM 13 BU3HAYHHX
€ piBenb THpeoigaux ropmosis (TT).

B VYkpaini Omuszbko 44 % 3aranbHOi
€HJIOKPUHHOL [aToJIOrii CKJIQJIAIOTh
3aXBOpPIOBaHHA muUTONMONIOHOT 3amo3u (1L[3)
[7]. Hommpenicte nucdynkuii L3 3anexuts
BiJl BiKy, cTari, reorpadiuHux (HaxkTopiB Ta
eTHIYHOT TpuHATeKHOCTI. Y CrolydeHux
IlraTtax Ta €Bpomi rinmoTupeo3 OuLIBII PO3-
NOBCIOJDKEHHH HIDXK TilEPTHPE03: IOLIHpe-
HICTh SBHOTO TiNEPTUPEO3y KOJIHMBAETHCS B
mexax Bim 0,2 mo 1,3 %, Toxi sk mormwmpe-
HICTh TIIOTHPEO3Yy CTaHOBUTH Bix 1-2 % 10
7% y oci6 y Bimi Bix 85 g0 89 pokie [8]. ¥
BCBOMY CBITI JeQilHUT WHOMy 3aIHMIIa€ThCs
OJIHIEIO 3 JIIUPYIOUUX MPUYHH TiOTHPEO3Y,
MOCTYNAIOUYUCh AyTOIMyHHHUM 3aXBOPIOBaH-
HsM. TakoX 11e TUTaHHs € BKpaid aKTyaJIbHUM
JUlst Hamoi KpaiHu: aediluT HoAy B TiH 4u
IHIIKA ~ Mipi  BiuyBa€ MpPaKTHYHO  BCE
HaceJieHHsT YKpalHH — JIJUPYIOTh B LLOMY
crucKy 3aximHi obOmacti [9]. Tum dacom
ayTOIMyHHHH THPEOIJUT 3yCTPIiYaeThCS Y
oins 5 % HaceneHHs B YkpaiHi [7].
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BcranoBneno, mo TIT  BimirparoTs
¢yHAaMeHTaJdbHE 3HAYCHHS B MiATPUMII
Mopdoodorii i ¢pynkuii CCC 3a gomoMoror
TCHOMHUX (SIEPHUX) 1 HETCHOMHUX €(EeKTiB.
Uucnenni renomui edextu TIT ma cepre
OTIOCEPEIKOBYIOThCS MUIIXOM B3aeMOmii 3i
crienuivanmu perientopamu 1o T (TRs),
ki mTOB’A3aHI 3 AudepeHUiloBaHHAM 1
3pOCTaHHSAM  KIIiTHH,  CKOPOYYBAJbHOIO
¢GyHKLi€0, MEeHCMEKePChKOI0 aKTUBHICTIO 1
MPOBiAHOIO cucTeMoro. Herenomui edekTu
TI' Ha KapmiOMIOIUTH 1 3araJbHUNA TIepude-
pUYHUN CYAWHHHAU OIlip HE MependadaroTh
3B’3yBaHHSA 3 SACPHHUMHU PpELENTOpPaMu.
3a3HadyeHi e(eKTH pPO3BUBAIOTHCS JIOCHUTD
MIBHAKO W  OOyMOBJIEHI  BIUIMBOM  Ha
TPAHCTIOPT 1OHIB KaNbIif0, HATPIIO W Kaiiro
yepe3 KIITHHHY MeMmOpaHy, a TaKoxX
TPaHCIIOPT TJTFOKO3H, Ha dhysKmii
MITOXOH/PIH 1 Pi3HI BHYTPIIIHBOKIITHHHI
curHaibHi nutsixu [10, 11].

PiBenb Tupeorponnoro ropmony (TTI)
Iy’)Ke YyTIUBUA 10 AUCHYHKII TOPMOHIB
I[13. Hagite He3HauHi 3MiHH pIBHIB
tupeoiganx  ropmoHiB  (TI)  MoxyTs
MPU3BOJUTH JI0 KOJMBaHb nokasHuki TTT.
e miareepmkye ponas TTI (mpu BiacyTHOCTI
3aXBOPIOBaHb TiMoTajiaMo-TrinogizapHoi cuc-
TeMH) SK HaWOUIbII YyTIMBOTO MapKepa
¢ynxuii 113 [12].

[Namieatn 3 mucdynkmiero 113 (rinepru-
pEo30M UM TINOTHPEO30M) MAalOTh IiIBH-
HICHUH PU3KK CePIeBO-CYAMHHUX nomii [13].

lNneptupeo3 € moOpe BIAOMUM MpOApHUT-
MoreHHUM  (akTtopoM, dyactora DIl vy
TMAI[IEHTIB 3 MATBEPIKEHUM TiepTUPEO30M B
aHamue3l cxiagae 1660 % 3a manumu
Ross et al. (2016) [14]. Ponp rimotupeo3y B
apuTMOTEHE31 Mepejcep b MEHII BHU3HAHA 1
IO KIHIISI HE BUBYEHA.

linmeprtupeo3 XapakTepu3yeThCsl HOCHIIE-
HUM CHHTe30M Ta cekpenieto TI. SBHwmii
rinepTupeo3 BUKIMKAE TilNepAMHAMIYHUH
cran CCC (BUCOKMI CepIEBUN BUKHI 3
HU3BKUM CHCTEMHHM CYJIUHHHAM OIIOPOM),
SKHH ~ aCOI[IOEThCS 3 TIPUCKOPCHUM
cepueOuTTSIM, TOCHJICHHSM CHCTOJIYHOI Ta
nmiactonmiyHoi (yHKUII JIIBOrO LUTyHOYKa Ta
301IBLICHHSIM ~ TOIIMPEHOCTI  HAALUUTYHOY-
KOBHX Taxiapurmiii [12].

I'imoTupeo3 miarHOCTY€ThCS TPU HU3B-
komy piBai TI, mo mnpu3BOgUTH 10
nigsumieHHs piao TTI, Toni sk cyOkiiHIY-
HUM  TINOTUPEO3  JIarHOCTYETbCA  IPH
nigsuiieHi piBaio TTI Buiie BepXHBOI MeExXi
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pedepeHTHOrO Aiama3oHy 3 HOPMAIBHUM
piBaem TT. ['imoTupeos, ogHaK, aCOLIOETHCS
3 OpaauKapi€ro, TUCIIIIACMIE0, TilepTeH-
3i€10, aTePOCKIIEPO30M, 3HIDKEHHSIM YacTOTH
CepIIEBUX  CKOpPOUYeHb Ta  30LIBIICHHIM
pusuky iHdapkTy Miokapaa. BisyampHi
JOCTI/DKEHHST TAI€HTIB 13 CYOKITIHIYHUM
TiNOTHPEO30M TOKa3add He3HayHi 3MiHU
cepieBoi misutbHOCTI [15].

TpboMa OCHOBHMMH IIISIMH Tepamii 'y
nanieHTis 3 @II € moneriieHHss CUMIITOMIB,
MOTIEPELKEHHS  TaXiKapii-omocepeKOBaHOT
KapaioMiomarii Ta 3MEHIICHHS PH3UKY
1HCYNBTY (aHTHKOAryJsiHTHA Tepamis). [lepmi

IBl LIl JOCATAIOTECS 34  JOIIOMOIOIO
CTpaTerii KOHTPONIO YacTOTH (KOHTPOJIb
YaCTOTH  CEpIEBHUX  CKOpPOYeHb)  abo

KOHTPOIIIO PUTMY (BiTHOBIEHHS CHHYCOBOTO
pUTMY), Ta TIOKpAmIeHHS SKOCTi XUATTS [16].
Jns mamieHTiB, y sKux oOpaHa cTpaTeris
KOHTPOJIIO PUTMY, PaJio4acTOTHA aOJIsIIis
(PYA) Ta anTHapuTMiuHa Tepamis € ABOMa
OCHOBHHMH TEPaNeBTUYHUMHU CTPATETisIMU
JUIL  3HIDKCHHS YacTOTH abo0  yCyHEHHS
emizoxis @I [17].

Crpareris  BHOOpPY METOAY JIKYBaHHS
3aJIeKUTh BiJ] HACTYMHHUX (PaKTOPIB: CTYICHb
BUPQXCHOCTI ~ CHUMIOTOMIB,  HMOBIPHICTb
yCmimHoOi KapaioBepcii, HasBHICTh CYITYTHIX

3aXBOPIOBaHb  Ta  Oa)KaHHS  TAIlIEHTA
npoBoauTH absmiro DI1.
Ha panwmit wac PYA — ne moOpe

3apeKOMEH/IOBAHUI METOJ/ JIIKYBaHHS, KU
AKTHUBHO BUKOPHUCTOBYeThC mpu DII s
MAI€HTIB 13 CUMITOMATHYHOIO, CTIHKOIO 10
mikapcekux 3aco0iB @I [4]. 3rigHo 3
KOHCEHCYCHHM BHCHOBKOM ekcrepTiB HRS /
EHRA /ECAS / APHRS / SOLACE Bix 2020
POKy, KaTeTepHa aOJsllisi peKOMEHIOBaHa B
AKOCTI  Tepamii  mepmoi  JiHil  Tpwm
CUMIITOMAaTHYHOI ~ MAapOKCHU3MaJIbHOI  a0o0
nepcuctyrouoi popmax PIT [18].

3naynumu nepeBaramu PUA B mopiBHsAHHI
3 MEIWKaMEHTO3HOK  aHTHAPUTMIYHOIO
Tepamier0 € 30UIbIIEHHS  WMOBIPHOCTI
30epeKEeHHs] CHHYCOBOTO PHUTMY, HOJIIMIICH-

HS sKocTi kuTTs, y maumientiB i3 CH
3HIDKYEThCS  KIBKICTh — TOCHITami3amid 1
CMEpPTHICTh BiJi PpI3HUX MPHUYHH, 3MEH-

HIYETHCS TIMTOMA Bara HEMapOKCH3MAaJbHUX
¢dopm OII i iimoBipHICTh iX BUHUKHEHHs [19].

Metoto PYA @Il e ycyHeHHsi Tpurepis,
gaki 1i iHimitolOTE Ta/abo  Mommdikarris
cyoctpary mms ®II. Ilepmr 3a Bce, 1€
JOCATAETbCA 3@  JIONIOMOrOK0  i30JiAwii
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nereneBux BeH (JIB), ski 3a3Buyait yHK-
mioHyoTh sk xepena I, Buknmmkaouu
nepeayacHi ckopoueHHs [20].

IIpore, He3BaxkarouMm Ha Te, WO LA
METOJIMKA IIUPOKO BHUKOPUCTOBYETHCSA Yy
BCbOMY CBiTi, BETMKWN BIJCOTOK TMAI[I€HTIB
MOXK€ HE MIATPUMYBAaTH CHHYCOBHUH PHUTM i
Matu peuuauB micis PUA ®IT [21]. Crin
3a3HAYMTH, 10 HaBiTh y pa3i peunauBy OII
micis npouenypu PUA, mepenocumicts OI1
3HAYHO Kpama B TIOPIBHSAHI 3 PEIUIABOM
micyst (hapMaKoJIOTIIHOI KapaioBepcii.

Pannim  pemmmuBom (PP) BBakaeTncs
Oy/ab-siKa HaIIULTyHOUKOBa Taxiaputmis (DI,
TPIMOTiHHS TIepelncepab ad0 HaIIUTYHOYKOBA
Taxikapjis), o TpuBae IoHaimMenme 30
CeKyHJI 1 BHHHUKA€ BOPOJOBXK MEPIINX 3
micaniB mmicis aoiamii. PP micina PUA O®IT e

JIOCUTh ~ TIONIMPCHUM  SIBUIIEM;  PHU3UK
BUHUKHEHHs PP wacrime cnocrepiraerbcs
He3abapoM Tics MIPOLIEAYPH, Ta

3MEHIIYEThCSI TMPOTSITOM HACTYNHUX JHIB
[22].

Hapasi BBaxaetncs, mo PP, Ha BigmiHy
Bim  misHbOrOo  peruamBy  (IIP),  sxi
BinOyBaroThcs uepes 3—12 micsns micist PUA,
€ MUHyIMM (EHOMEHOM, TIOB’A3aHUM i3
nocTaOSIMiHHIMY 3amalbHUMK peakiissMu i
aBTOHOMHOIO TUCQYHKII€0 cepisd. OCKUTBKH
Oimprricte PP 3akiHUyrOTBhCS BiJHOBJIEHHSAM
CHHYCOBOTO PHUTMY 0€3 >KOJHHX MEIUYHHX
BTpy4YaHb, 3 micsimi micnss PYA HazuBaioTh
«cminuMm niepiomom» (blanking period). Xoua
PP ne 3aBxam cympoBomkyerscss IIP
NPOTSATOM TPUBAJIOTO TEpiogy  cIocTepe-
JKEHHSI, pe3ylbTaTd 0araTboX JOCIHIIKEHb

migTBepaunu, mo PP e  HesamexHUM
¢dakropom pmuky [IP [23]. Ile Ttakox
MiTBEPPKYEThCS JaHUMU HEIIOIaBHO

omy0JikoBaHOro Mera-anaiizy (2021 p.), mo
namieHTd, sfki He BimuyBamum @Il mim wac
«CIITOTo Tepiomy», Malld HadaraTo HIKIY
nomupenicts ®IT mics [24].

OcuHoBanmu npenuktopamu PP @Il €
HasBHICTh CYJMHHUX 3aXBOPIOBAHb Yy TMIalli-
€HTIB Ta KapJioBepCis MiJl 4ac MpoIerypH
PYA, TpuBanicts 3yous P Oyna goBmoro y
MariedTiB i3 penuauBytodoro OIT  [25].
Hocmigaukn Yun Gi Kim Tta in. (2021 p.)
BIAMITHJIM, [0  TAIi€HTH, Yy  SKUX
criocrepirascss PP, wMamm  Oumblie  JtiBe
nepeacepas (JIII), ripury remoauHamiky B
npugatky JIII Ta Oinblly HOMIMPEHICTH
HenapokcuzManbHoi ¢opmu PII (konm BoHa
nporpecye o nepcuctytouoi) Ta CH [26].



Kinpka mocmimKkeHs 3 TPHBAIUM TIEPiOI0OM
CIOCTEepEeKEeHHS (> 5 pOKIB) 3amponOHyBajH
Ta 3alpOBaJWIA HOBUHM MiITUN pPEIUIAUBIB
OIl — ngyxe mnizHid peuunus (UAIIP).
Permunusu ®II gepe3 gosruit yac micis PUA
€ pe3yNIbTaTOM NOCHJICHHS CTPYKTYPHUX 3MiH
Mmiokapay — mepexacepab.  [IporpecyBanus
¢i06po3y mepenacepab, 30iUMbIICHHS JIIBOTO
nepeacepas Ta HECTIPUITINBE eJICKTPUUHE Ta
MOJIEKYJISIDHE ~ PEMOJICNIOBAHHS  TKaHWHH
MioKapga OepyTh yd4acTh y IIUX THIAX
peruauBiB. Takum gunom, JIIIP € mpuamHOIO
OCTaHHBOI CTamii eJEKTPUYHOI XBOPOOH
nepeacepab, Xoda HEOOXiAHI mojambn
JOCITI/KCHHSI y IIbOMY HampsiMKy [22].

Byno mokazano, mo PYA mpubnmzno o
80 % € edexkTUBHOIO IJIsI MApOKCH3MAaJIbHOL
dopmu DIl Ta mo 60 % mns mepcucTyro4Oi
¢dopmu DII. PYA 3abesmeuye kpamly sKiCTh

KUTTS, HDK  aHTHApUTMIYHA  Teparlis,
3MEHIIYIOYH CHMIITOMH, YacTOTy 1 TpuBa-
micte @Il y mamiedTiB, fKi OraHo

neperocath @Il 3Hmxyrounm kmac EHRA
[27]. PUA € edexktuBHUM Ta O€3MECUYHHM
BTPYYaHHSM JUIS BiTHOBIICHHS Ta ITiITPHMKH
CHHYCOBOTO PHTMY, OJHAaK HE3BKAIOYH Ha
HOBOBBeJeHHS B TexHojorii PYA, uacrora
petnuBie  ®DII, 3a pi3HUMU JaHUMH,
KoJmBaeThes Bix 20 % mo 50 % [28].

OTXe, aKTyallbHUM € BUBYCHHS MOIH]i-
Kylounx (hakTopiB, M0 BIUIMBAIOTH Ha
peunaus  ®PII Ta MOXKYTh BHUCTYNATH
npeauKTopamu ycmimHocti PYA npu Binoopi
MaIienTiB 10 mnpoueaypu. Ha choromHimiHii
JIeHb ICHy€ 3HauHa KiJbKICTh TPEAUKTOPIB
pernuBy OII micas PUYA, nanpukan, 30171b-
IIEHHS TIPaBOTO Tepeacepls, OinbIile JBOX
cnpo6 nposeaeHus PUA, tpusaiicte ®II Ta
30inbIIeHHsT JiBoro mnepencepas (> 43 Mm)
[29]. Takox »xiHoua ctaTh, BiK > 60 poOKiB,
tun @I, a came TpHUBAJIO MEpPCUCTYIOYA
¢opMa, HaASBHICTh CYIyTHIX 3aXBOPIOBaHb,
TakKMX SK CepleBa HEJAOCTaTHICTH Ta
MOpYIICHHSI QYHKIIT HUPOK Oy BKIIIOYCHI
JI0O CIUCKY TPEIUKTOPIB PEUUANUBY TICIs
PYA [30].

IcHye psn KUIBKICTB  JTOCIIDKEHb, SKi
JNIEMOHCTPYIOTh 3B’si30k  TI i3 pusukom
BuHuKHeHHS @DPII. OpHak TakoX LIKaBO
BUBYMTH 1X BIUIMB Ha peuuaus OIL
3aranpHOBiOMO, 110 QyHKmig I3 TicHO
noB's13aHa 3 ycrixom PYA Tta pernusom OI1
MiCast  TpOUEeAypd;  TPOTe  CKIIATHHIMA
B3a€MO3B 530K MiX ropmoHamu I3 Ta
perumuBoM  ®II  yce 1me  moTpedye
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JOCHIJUKEHHs. JlaHMX CTOCOBHO B3aeMO-
3B’s13Ky piBHs TTT, sixk Mapkepa ¢ynkuii L3,
Ta edpektuBHOCTI PUA BKpaii Mano, ToMy 1€ €
aKTyalbHUM  HampsSMKOM  MOJAJIBIIOTO
BUBYEHHS.

VYci 3MiHHI Mozenm (Hampukiaa, pPiBeHb
TTI') mMoxHa BHUMIpATH Tiepen abismiero, i
TOMYy IIe¢ MOXe OyTH BHKOPHUCTaHO 10O
NpoLeayp 3 METOI0 NPOTHO3yBaHHS WMOBIip-
HOCTI puU3WKy peuuauBy. HameBHo, i
3yCHIIISL JAOTIOMOTIIM O pEeTENbHIIIe OMiHUTH
IIPOTHOCTUYHI NMOKAa3HUKH IIOJO MOBTOPHHUX
emizoniB ®II micas PYA [31].

Hamu Oymo 3HAUIEHO JEKIIbKA
JIOCITI/PKEHb CTOCOBHO BIUMBY piBHIB TI' Ta
TTI' Ha pe3ynbTaT XipypriuHoi mpouemypu
PYA y mamientie 3 ®II. Opnak maHi
CyTIepeqIvBi.

YV Heio-Hopky IOxya Uwxan Ta im
(2013 p.) mpoBesu nepie eKCrepruMeHTaIbHE
JOCHI/DKEHHS, [0 BHBYAIO BIUIMB PI3HUX
pieuiB TT, Bix rinotupeosy Ao TinepTupeosy,
Ha aputMoreHe3 @Il Ha Momeni mrypiB micis
THPEOITeKTOMI]. PesynbpraTu LBOTO
JOCHIDKEHHSI IPOAEMOHCTPYBalIM, ILIO SIK
rinoTupeo3, Tak 1 TIMEPTHPEO3 MOB'A3aHi 3
migBuUIIeHO BpasnuBicTio DI nopiBHsIHO 3
nrypamu, siKi Majid HOPMalli30BaHHH piBEHb
TI. JaHi 1©poro JOCHIIKEHHS  YiTKO
MIPOIEMOHCTPYBAJIH, LI0 TIOTHPEO3 MPHU3BO-
IUTh J1O0 30UIBIICHHS CHPUHHSATIMBOCTI 0
®I1, moaibHO 70 TiNmepTHPEO3Y.

Xoua  TIMOTHPEO3 i rimeptupeo3
30umbIIyI0Th YacToTy @I, BoHM mO-pizHOMY
BIUIMBAIOTh Ha iHII enektpodizionorivni
napameTpu nepeacepab. Hanpuxnan,
rineptupeo3 30iTbIIye YacTOTy CEepLEeBUX
ckopouenb (UCC) i ckopouye edeKTuBHUIA
pedpaxrepumii nepiog (EPII) mnepencepns,
Tolli sIK Timotupeod 3meHmye YCC i
MOJOBXKYE EPII nepeacepsb. Takox
JTOCIITHAKY BUSBUJIM, 110 IHTEPCTHUIIAbHUH
KOJIaTeH TMepeAcepib Yy TiNOTHUPEOiTHUX
mypie OyB MiABUIICHUH, TOMI SK BMICT
KOJIareHy He 30UThIIUBCS Y TiMePTHPEOiTHUX
nypiB. lleld BHCHOBOK Y3TOJDKYETBCS 3
MOBIJOMJICHHSIMH TIPO T€, MIO TillOTHUPEO3
copusie  po3BUTKYy  ¢iOpo3y  miokapna.
[ligpumenuit  ¢Gidbpo3 y TriNOTUPEOITHUX
mypiB Moxe crpusta 30iabimenH0  EPIT
nepeacepas.  Dibpo3  mepemcepap  MOXe
MPHU3BECTH JI0 TOBLIBHOI IMPOBIAHOCTI Ta
301IbLIEHHS] HEOAHOPIAHOCTI MPOBIIHOCTI,
THUM CaMHM CIIpHUAI0YM (HOPMYBaHHIO re-entry
Ta IiABUILEHHIO Bpa3nuBocTi OI1.
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Orxe, OTpUMaHi AaHi TEMOHCTPYIOTh, IO
rinoTupeo3, fAK 1 TimepTHpeos3, 30iIbLIyeE
pmsuk DIl Ta miaKpecTOlOTh MOTEHIIHHE
KIIIHIYHE 3HA4YCeHHs Kopekuii auchynkii 1113
s 3aro0iranas DI Ta IHIAX ceprieBHX
apuTMmii [32].

Bruere Ta in. (2015 p.) BU3HAYMIN 3B’ 130K
MiX HasBHOCTI B aHamHe3i nuchynkmii 1113
Ta (aKTOpOM pPH3UKY TPOMOOEMOOTIYHIX
YCKJIAAHEHb (CUCTeMHa eMOOIis, 1HCYNBT) Y
nmamientiB 3 @II. YV mocmimkeHHi Opayio
ygacte 8962 marmientis 3 ®II: y 141 Oys
rinepTupeo3 B aHaMHe3i, Tomi Ak y 540 —
BiMiYaBCs TINOTUPEO3 B aHAMHE3i, permiTa
nmamieHtiB  He Manmu  guchyskmii 3.
HasBHicTs B aHaMHe3i TIMOTHPEO3y, TaKUM
ynHoM, Ha 300 % nepeBuIyBana MOKa3HUK
rineptupeo3y y mamieHtiB 3 ®PII mpoTsirom
10 pokiB. Y CBOEMy JMOCIHIIKEHHI aBTOpH

3pOOHIM BHCHOBOK, IO TilNEpTHPEO3 B
aHaMHe31 HE € HE3IKHUM (PaKTOpOM
pPHU3UKYy  PO3BUTKY  IHCYJBTY / CHCTEMHOI
emOomii mpu DI, Tomi sk rimoTUpeo3

ACOIIIIOBABCSl 3 BHIIMM PH3HKOM DPO3BUTKY
KpoBoTed. Jloka3m, BUKIaNeHI B Wil CTaTTi,
CBiUaTh MPO Te, IO HE MOXKHA 3AIMIIATH
03a yBaroro 3B's130k rinmotupeosy 3 ®II [33].

Wanwarang Wongcharoen ta in. (2015 p.)
BUBYAIIM BIUIMB TiNepTUPE03y Ha BiimajieHi
pe3ynbTaTH KaTeTepHoi abisIlii y HalieHTiB 3
@II, pesucTeHTHOIO 10 (HapMaKOIOTi4HOTO
mikyBaHHs. [lamieHTH 3 rinmepTupeo3oM B
aHaMHe31 Malld 3HayHO OUTbINY KUTBKICTb
exromiii JIB Ta OifbIl BHCOKY MOUIMPEHICTH
eKTOIYHUX BOTHHUIL HEJITCHEBUX  BEH
NOPIBHAHO 3 Talli€HTaMH 3 HOPMAJILHOIO
¢ynkuiero 3. fAx  pesymprar, 1e
MPU3BOJUIIO JIO OUIBII BHCOKOI 4YacTOTH
peunaueie ~ @®Il  micns  omHOpa3oBOi
MPOLEAYPH KaTeTepHOT a0usiii [34].

Ille panime Ri-Bo Tang ta in. (2010 p.)
JIOCITJKYBaJIH BILTHB BHCOKOTO
HOpMaJbHOTO piBHIO Tupokcuny (T4) Ha
petau DI micns kareTepHoi aOJALl.
244 naiieHTd 3 MApOKCU3MAIBHOIO (BOPMOIO
OIl Oynu moxijeHi Ha YOTUPU KBAPTHIIL.
Pemunu @Il wactime cmocrepiraBcs y
Mali€HTIB, Kl HaJeXald I0 HaHWBHUIIOIO

yeTBepTOoro  kBaptwiao. OTxke, MOXKHaA
3pOOUTH BHMCHOBOK, IO MAI[iEHTH HAaBiTh 3
HOopMabHOKO  (ynkmiero I3  maroTh

migBUINeHUH pusuk peuuauBy DI micns
KaTeTepHOl aliAwii y pa3i piBHIO TUPOKCHHY
Ha BEpXHill Mexi pedepeHTHUX 3Ha4YeHb [35].
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Pedro A Sousa Tta iH. (2015 p.) Takox
BUBYAJHM BIUIMB BiNBHOTO THPOKCHUHY Ha
pe3yibTaTH NpOLEAYpU KaTeTepHOi aOuswii
JII. TTT Ta BiNbHUH THUPOKCHH BUMIipIOBa-
mucs 'y mamieHtiB, oanak TTI' nHe OyB
npeaukTopoM peuuauy @Il B Toi wac, sk
BUTPHUI THPOKCHH BIUIMBAaB Ha YCIIIIHICTH
npouenypu abmsamii JIII, HaBiTh sKIIO BiH
3HAXOAUTHCS B MeXax pe)epeHTHUX 3HAUCHb
[36].

Shao-Bin Wei Ta in. (2018 p.) mocumiz-
KyBalll BIUTUB BUIBHOTO TPUHOATHPOHIHY
(T3) ma permumamB DIl micns PYA. bymm
omineHi piBHi BinmkHOro T3, BimbHOro T4 i
TTI B cuposarni. [lanientn Oynu po3aineHi
Ha M'ATh KBapTHJIIB 3aJIE)KHO BiJ piBHIB T3,
T4 i TTI BimmoBimHo. Pesynpraramu 1poro
JTOCITiPKEHHST OyJIN BIUIMB SIK BUCOKOTO, TaK 1
HU3BKOTO piBHIO BimbHOTO T3 Ha peunmns
OIT micnss PYA; Takox piBeHb BibHOTO T4
Ha BepXHI Mexi pedepeHTHOro 3HAYEHHS
OyB moB’si3aH 3 peruauBoM OII; ogHak He
OyJio BHSBIEHO 3B’SI3Ky MK HOPMAaJIbHUM
piBaem TTI i peuuausom OII [37].

Snonceke nocnimkeHus Itsuro Morishima
Ta iH. (2018 p.) BUBYANIO 3B’A30K MiX piBeM
TTI' Ta peuuauBoM  HAAULTYHOYKOBOI
taxiaputmii micis PUA.

Lle mepumie JOCHIIKEHHS, SKE BHBYAJIO
IOBrocTpokoBuil  pesynmprar PYA  OII
3anexxHo Bim piBaro  TTI.  OcHOBHUMHU
BUCHOBKAaMHU JIOCIII/PKEHHS OYJIN TaKi:

1) y namieHTiB 3 JiarHO30M SIBHOTO Ta
CYOKITIHIYHOTO TiMOTHPEO3y CIIOCTEPiraiach

3HAYHO OinpIna 4acToTa peuarBiB
HAJNUIYHOYKOBOI  TaxiapuTMmii, HIX Yy
namiedTiB i3 HopManmpHMM TTI  micis
npouenyp PUA;

2) y TAI[€HTIB 3 BUCOKHM HOPMaJIbHUM
pisaem TTI (kBaprine 4) B Mexax HOpMab-
Horo nmianazoHy TTI criocrepiraerscst 3HAUHO
OisTbIIa YacToTa PEelHIUBIB HAAIUTYHOUYKOBOL
TaxiapuTmii, HiK y Hmk4ux kBaptwiaiB TTT
(xBaptinb 1-3);

3) s TEHAEHINS BHUSMBWIACS  OLIBII
BUPXECHOI VY MIATPYN NapOKCH3MAaJIbHOI
OII, Hixk y HenapokcusmainbHii OIL.

VY cykynmHOCTI 1i 1aHi BKa3ylOTb Ha Te, 1110
Nali€eHTH 3 YCHIMHOK mpouexyporo PUYA
MOXYTh WiJJIABATUCS OUIBIIOMY PHU3HKY
petmauBy @I, saxmo  pieers TTD
3HaXOJIUThCSI Y BEPXHi Mexi pedepeHTHHX
3HAYeHb Ta Yy MALi€HTIB 3 CYOKJIiHIYHUM a0o
ABHUM  (MaHipeCTHMM) TiOTHPEO30M B
aHamHe3i [38].



OcHOBHUMU HeZoJliKaMu I[bOT'0
JIOCITI/DKEHHST OyJno Te, M0 TMAalli€eHTH 3
3axBoproBanHsmu 1113 B anamHe3i abo Ti, sKi
npuiMany Jikd Bif 3axBopioBaHb 1I[3 He
Oymu BukmoueHi. Xoua TTI e BaxknmmBuM
napamerpoM ansi omiHkm (GyHkmii I3 i
3a3BUYail € MepIIMM KPOKOM y MiarHOCTHII
3axBoproBanb 113, psa mikapchkux 3aco0iB
Ta HETHPEOIAHI 3aXBOPIOBAHHS MOXKYTh
BIUIMBATH Ha HOTO PiBEHb.

Kpim ToTO, TPUBATICTE CITOCTEPEIKEHHS Ta
KUTBKICTh TOCITI/PKYBaHUX TIAIi€HTIB OyIo
pizHOM0O. TakoX IMe TOCHiIHKCHHS BKIIOYAIO
JIMIIE STIOHCHKY MOMYJISIIIIO.

TakuM 4HMHOM, YCi LI TPUYUHH MOXKYTh
MPU3BECTH 10 MOKIIUBHUX PI3HUX PE3yJIbTaTiB
y pi3HHX AOCTiMKeHHsX. s miaTBepmKeHHs
3B’SI3Ky MK CYOKIIIHIYHHM TilTOTHPEO30M 1
permmuBoM @Il HeoOximmi  TpuBami
OCIIIKEHHS.

Y HOBITHROMY KHUTaWCHKOMY AOCIiKEHI
Zheyue Shu Ta in. (2021 p.) BUBUaBCS 3B'S130K
Mk piBHAMH TI' y Mexax HOPMalbHOTO
mabopaTopHOTO  Miara3oHy Ta PHU3UKOM
pernuBy OII micns PUHA.

OCHOBHHUM BHCHOBKOM ILLOI'0 JOCIIJ-
JKeHHS OyJI0 Te, IO MAIliEHTH 3 BUCOKHUMHU
HOpPMaJIbHUMHU piBHAMHU BinbHOro T3 abo
BimbHOTO T4, HaBITh y Mexax pedepeHTHUX
3Ha4eHb, MaJM 3HAYHO BHIIY 4YacTOTy
pPEIMIMBIB  HAAIUTYHOYKOBOI  TaxiapuTMmii
micist PYA. Lli pe3ynbTatd MokazyroTh, IO
KJIiHIYHA yBara Jio piBHs ropmoHiB 113 moxe
JIOTIOMOTTH y JTiKyBaHH1 DI1.

v MOPiBHIHHI 3
JMOCTIDKEHHSIM, Y  [bOMY  JOCTiKEHHI
JOJATKOBO  OLIHIOBAJIM, YH PO3PI3HABCS
BB TopMmoHiB I3 nHa @Il y pi3HKX
nomymsmisix. HoBuM  BiakputTssmM  Oyno
3B'A30K MK BHIIMM piBHEM BiibHUM T4 abo
BitbHUM T3 1 permmmBom @II, skwii OyB
OLMBII BUPAXEHUA Yy MOJOIUX IAIi€HTIB.
MoxJnuBO, IO CTPYKTYpHE PEMOJCTIOBAHHS
H 3MIHM BereTaTUBHOI HEPBOBOI CHUCTEMH
MOXYTh CIY)KUTH OCHOBHUMH (DaKTOpaMH
migrpumkn DI y jitHix mogeit. OpHak
BIUIMB BuThHOro T3 abo BimpHOrO T4 Ha
peunauB PII He po3pi3HTUCS B 3aJ€KHOCTI
Bix ctaTi [21].

[Ipore HemomKaMH 1OrO JOCIIKEHHS €
T€, 1110, HO-TIepIIe, KUIbKICTh 3apeECTPOBAHUX
namieHTiB  Oyna  BIIHOCHO  HEBEJIHKOIO.
Iloporosi piBHi 1ma BinsHoro T4 abo
BinbHOr0 T3 st mudepenuianii peuuanBy
Ha/JIUTYHOYKOBOI TaxiaputMmii Oynu Henoc-

ToTepeTHIM
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TyOHI d9epe3 Maly KUIBKICTh TAIli€HTIB ¥y
nmociipkyBaniin  BuOipii. IlorpiOne Oinbin
IIMPOKE JIOCII/PKEHHS, [I00 MiATBEPIUTH
Bignosiani piBai TT'. [lo-apyre, mocmimkeHHs
TPHUBAJIO PiK, MPOTE HEOOXiqHE OUIBII JTOBIIES
CIIOCTEPEKEHHS JUI OTPUMAHHS BiTaICHUX
pe3ynpTaTiB, Ta  JOCH/DKEHHS  BIUIMBY
ropmoniB I3 Ha pi3Hi mepionn peuuaAnBy
(panHiit, mi3Hi# 1 qQyxe mi3Hii peruaus). [lo-
Tpere, ¢pynkuito L3 BuMiproBanu nuie oauH
pas Mg Yac HaAXOMKCHHS A0 KIIHIKH, aje
piBerb TopMoHiB 113 Moke 3MiHIOBaTHCS 3
gacoM. Jlms o0OroBOpeHHS 3B’SI3KY MK
sminamu  ynkuii 3 Ta pesyneratamu
abnsmii clifi TMpOBOAMTH CepiiiHi BUMIpIO-
BaHHs. [lo-ueTBepTe, Xoua IS BUSBICHHS
perunuBy @Il BukOpuUCcTOBYBanmuCs Ppi3HI
MOHITOPHHTOBI Ta OTJIAMIOBI TECTH, YacTOTa
penuauBiB  Moria OyTH  HEJOOIlHEHa,
OCKITbKM  JIesiki  Oe3CHMNITOMHI  KOPOTKi
emizogu ®II, MoxiuBO, HEe OyJaW BHSBICHI.
[Mo-m’siTe, OCKIIBKK pElHMINB BHUSBISBCA
JMKYIOUAMH JTIKapsM{, BOHH MOTIH OyTH
CXHJIBHI /IO YIEPEHKEHOCTI CIIOCTEPEKEHHSI.
I mapemTi, y mBpOMYy JOCHIIKEHHI He
nocmimkyBanmu PP (<3 wicsmiB), Tomy y
YACTUHM TAI[EHTIB 13 PEUUIMBOM Mir OyTH
PP.

BUCHOBKH

HaBeneni miteparypHi MdaHi 3MYIIYIOThH
3BEpHYTH YyBary Ha Te, IO YacToTa
pelUInBIB Gbi0opumsiii nepeacepan

3aJIMIIAE€THCS] BUCOKOKO MICIs PajiiouacTOTHOL
a0uii, Ta, cepen iHMMUX (HaKTOPiB, TOPMOHH
MIUTONOIOHOT 3aJI03W  HAaBiTh Yy MeXax
pedepeHTHHX 3HAa4YEeHb BIUIMBAIOTH Ha YCHIX
paaio4acToTHOT a0JIsIii.

VY 3B’s13Ky 3 IIUM, OCOOJIMBOT aKTyaJIbHOCTI
HaOyBae BU3HAYCHHS crenupiqHnX
JIOTIPOTIETyPHUX MapKepiB, sKi cepeia iHIIHIX
(haKkTopiB MOXYTh BIUIMBATH Ha pPE3yJabTaT
MpoUEeAypPH  PaAioyacTOTHOI  a0mawmii  y
MaIieHTiB 3 QiOpwIALie0 nepeacepap s
onTuMmizamil BU3HAYEHHS KaHAUIATIB Ha
npouenypy.

VY 3B’A3Ky 3 HEOJHO3HAUHICTIO JiTepa-
TYpHHUX JaHUX TOAAJbILIE JOCIIIKECHHS Aaj0
0 MOJXJIMBICTH BIJAIOBICTH Ha MHUTAHHS YU €
piBHI TOPMOHIB IIUTONOAIOHOT 321031 He3a-
JISKHUMH MPEAUKTOPaAMH peluInBY
¢i0opunsii  mepencepnb TicHsS  pajiodac-
TOTHOT a0Ari.
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INFLUENCE OF THE LEVELS OF THYROID HORMONES ON THE RESULT OF
RADIOFREQUENCY ABLATION FOR ATRIAL FIBRILLATION: LITERATURE REVIEW

Bogun N. Yu. 8CP Brynza M. S. AEF
A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D —
writing the article; E — critical revision of the article; F — final approval of the article

Introduction. Atrial fibrillation is one of the most common, clinically significant cardiac arrhythmias and
is associated with an increased risk of mortality, hospitalization, and deterioration in the quality of life. The
prevalence of atrial fibrillation averages 1% and tends to increase with age. It is well known that aberrations
of thyroid hormones have a proarrhythmogenic effect and increase the risk of cardiovascular disease.
Currently, radiofrequency ablation is actively used to treat atrial fibrillation, which in most cases has high
efficiency and lasting effect. However, recurrence of atrial fibrillation may occur in some patients even after
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radiofrequency ablation. It is known that thyroid function is closely related to the success of radiofrequency
ablation and risk of relapse of atrial fibrillation after the procedure.

The aim of this literature review is to determine what is already known about the effect of thyroid and
thyroid-stimulating hormones levels on the outcome of radiofrequency ablation of atrial fibrillation and to
analyze previous studies.

Materials and methods. A complete review of the literature on atrial fibrillation and the relationship
between thyroid and thyroid hormones and recurrence of atrial fibrillation after radiofrequency ablation was
conducted to examine the effect of hormone levels on the success of radiofrequency ablation and recurrence
of atrial fibrillation after the procedure.

Results. Data from a significant number of studies suggest that the incidence of atrial fibrillation
recurrence remains high after radiofrequency ablation and that thyroid hormones affect the success of
radiofrequency ablation even within normal ranges. Evidence may also suggest that patients with thyroid
dysfunction, even in the presence of subclinical forms, may require better monitoring of thyroid function prior
to the procedure, which may reduce the incidence of atrial fibrillation recurrence.

Conclusions. It should be noted that the assessment and correction of all modifying risk factors before
radiofrequency ablation can prevent recurrence of supraventricular paroxysmal arrhythmias, improve the
prognosis and overall quality of life in patients in this group.

KEY WORDS: atrial fibrillation, radiofrequency ablation, thyroid gland, recurrence, review
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I'OJIOBHUM B1JIb HA ®OHI KOPOHABIPYCHOI IH®EKIIII:
OCOBJIMBOCTI KJIIHIYHOI KAPTUHUA

@ewenko . LBC°, Manux C. 15T, Ileena M. B.°F
A — KOHIIeTIIIis Ta Au3aiiH nociimkeHns; B — 30ip manux; C — aHani3 Ta inTeprnperanis ganux; D —
HaIMCaHHs cTaTTi; E — pegaryBanus craTTi; F — ocTaTouHe 3aTBepI)KEHHS CTATTI

Beryn. Covid-19 mocras HOBOO TIPOGIEMOIO CYIaCHOCTI. 3aXBOPIOBAHICTE Y CBIiTI CTPIMKO 301IBIITYEThCS,
a 3 HEI0 TOCHIITIOETHCS yBara J0 BHBUCHHS MEXaHI3MiB ITaTOTEHE3Y BipyCy. 3 SBIAIOTHECS HOBI CHMIITOMH
nepcuctennii SARS-CoV-2 B opranismi monuHH. BcTaHOBIEHO, 10 HE JHINE PECHipaTOpHi MPOSBH
crocTepiralotecsi B iH(QIKOBaHHX 0ci0, a fenmami OuTpIle Ha TMEpIIMKA IUIAH ITOCTA€E HEBPOJIOTIYHA
cumnromarika. OCHOBHHM 1 MOIIMpEHNAM TIposiBoM iHdikyBanHs Covid-19 € romoBHmil 6inb y mepen- Ta
TIOCT-KOBiTHOMY Tepiozi. Bu3HaueHHS MOXIMBHX NUIAXIB MOTPAIUITHHA 30yIHHUKAa B HEPBOBY KIITHHY,
BCTaHOBJIEHHs ocobimBocTel Covid-aconiHoBaHOTO TOJIOBHOTO OO0 3aJIHMIIAETHCS AKTYAIBHOIO POOIEMOIO
MEIULINHH.

Meta pobortu. [IpoaHamizyBaTu JaHi CBiTOBOi HAyKOBOI JITEpaTypd CTOCOBHO MOXKIMBHX MEXaHI3MIB
iBa3ii Bipycy SARS-CoV-2 B HepBOBY cucTeMy Ta iX BIDIMB HA PO3BUTOK TOJIOBHOTO OO0 Y IIepe- Ta MOCT-
KOBiTHOMY TIepiofi.

Martepiann Tta meroau. [lpoBeneHnii peTpOCIEKTHBHHI aHANi3 JiTepaTypd HAyKOBHX 0a3 Scopus,
PubMed, MedLines, Web of Science 3a 2020-2022 poku.

PesyasTraT. OcTaHHI JaHi JOCTITHHUKIB CBiTY4aTh MPO HEWpOBipyleHTHICTH 30ymamka. SARS-CoV-2
BpaXa€ JIOJUHY, BHKOPHUCTOBYIOUM pPELENTOp aHTiIOTCH3WHIEPETBOPIOBAIBHOTO (EPMEHTY 2, SKHH
TpeICTaBICHAN B ONb(AKTOPHINA MIIAHIN, KOpI TOJOBHOTO MO3KY, Oa3albHUX TaHTIIAX, TilOoTajJaMmyci,
CTOBOYpi TOJOBHOTO MO3KY, €HAOTENalbHUX KITiTHHaX. JleTanbHi MeXaHi3MH MPOHUKHEHHS B LEHTPAIBHY
HEPBOBY CHCTEMY III€ HE JI0 KiHI BUBYECHI, OMHAK PO3TILIIAIOTH HACTYIHI IMIIAXH Iepeaadi: 4epe3 HIOXOBHH
HEpB B MOJANBIIIOMY BPa)Ka€ThCS TOJIOBHUN MO30K, IPYTHH NUIAX — KIITHHHA iHBa3isA, iHQIKOBaHI MOHOIIUTH
Ta Makpodary, mo ABISIOTH COOO0I0 pe3epByap IS Bipycy UL HOIANBIIOTO PO3MOIUICHHS B iHINI TKAaHWHH,
HACTYITHAH MEXaHi3M — IIe iH(IKyBaHHS CHIOTENIaTbHUX KIITHH TeMaTOCHIe(aTiqHOTO Ta emiTelialbHUX
reMaToJIIKBOPHOTO Oap’epa. MexaHi3M NOSBH TOJIOBHOTO OO0 JOCITIIHUKH IIOSICHIOIOTH Yepe3 MpsMy
1HBa3il0 3aKiHYCHb TPIHYacTOTO HEpBa B IMOPOKHIHI HOCOTIOTKH, IO MPHU3BOIUTH A0 aKTHBAIii TpiHdacTo-
CyaMHHOI cucTeMu. ['0oBHHMI Oib crocTepiraeThcs Ha MOYATKy 3aXBOPIOBaHHS Ta MOKE TPHBATH OiIbIe
180 mHiB micns onyxaHHS. BiH XapakrepusyeTbes, sIK JBOCTOPOHHIHM, CTHCKArO4oro XapakTepy, TPHUBAe
TOJMHAMHU, CTIHKHUI 10 3BUYAHUX 3HEOOTIOI0UNX, TIOCHITIOETHCS BPAHIIi, IIPH KAl Ta Qi3udHii aKTHBHOCTI.

BucnoBku. Bipyc SARS-CoV-2 mnpusBoauts 10 iH(}iKyBaHHs, BukopucToByroun ACE2-pemenrtopw,
YacTHHA, 3 SIKMX JIOKami3oBaHa y pisHMX Bigaimax I[HC, mo 3yMoBIIO€ BHHHMKHEHHS HEBPOJIOTIYHOI
CUMNTOMATHUKH. [oNOBHWII OiTh € omHUM i3 Haibimem BupaxkeHux cumnromie COVID-19, iforo
XapaKTepUCTHKH Ta EBOJIOIIS MOXYTh BimoOpakaTw pi3HI matodi3ioNoriuHi MeXaHi3MH, IO POOUTH ix
BHUBYCHHS HEOOXITHUM ISl [PYHTOBHIIIOTO PO3YMIiHHS TOJIOBHOTO OOJIIO B TIEpeI- Ta MOCT-KOBITHOMY TIepiofi
Ta MOLIYK BapiaHTIB Uil HOTO yCYHEHHSI.

KJIFOYO0BI CJIOBA: Covid-19, 2on06nuil 6inb, He8pOLO2IYHA CUMNMOMAMUKA, NePeOKOBIOHULl nepioo,
nOCMKOBIOHUL nepioo
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BCTYII

Covid-19 mocraB HOBOIWO MPOOIEMOIO
Cy4acHOCTi. 3aXBOPIOBaHICThb y CBITi CTPIMKO
30UTBIIYETBCA, @ 3 HEIO TOCHIIIOETHCS yBara
JI0 BUBYEHHSI MEXaHI3MiB MaTOT€HE3Y Bipycy.
3’SIBISIIOTECS HOBI CHMITOMH TIEPCHCTEHITIT
SARS-CoV-2 B opranizmi moauau. Bcera-
HOBJICHO, 10 HE JIMIIE PecHipaTOpHi MPOsSBH
criocTepirarotecst B iHQiKoBaHMX o0cCi0, a
Ienam Oumplle Ha TEpIIdid TUIaH II0CTae
HEBpOJIOTiYHAa cuMnToMaTtika. OCHOBHHM 1
JIOCUTh TONIMPEHUM TPOSIBOM 1H(IKYBaHHS
Covid-19, a came ¥oro mramamu «Anbhar,
«beray 1 «OMikpon», € ronoBHU# Oinb. Kpim
TOrO, JOeJaii dYacTille el CHUMIITOM CTae
MOMITHAM y TIepel- Ta IOCT-KOBITHOMY
nepiofi. Bu3Ha4eHHS MOXIWBUX IIIISAXIB
MOTPAIUIIHHS 30yJHUKA B HEPBOBY KIITHHY,
BCTaHOBJIEHHs ocobnmBocteit Covid-acoriiio-
BAaHOTO TOJIOBHOTO OONIO  3alMIIAETHCS
aKTyaJIbHOKO MPOOJIEMOI0 METUITUHH.

MATEPIAJIM TA METON

[IpoBeneHmii pPEeTPOCHIEKTUBHUMA aHAII3
JiTepaTypu HaykoBux 0a3 Scopus, PubMed,
MedLines, Web of Science 3a 2020-
2022 poxwu.

PE3YJIbTATH I OBI'OBOPEHHS

OcTaHHI JaHI TOCHiAHHUKIB CBiT4aTh IPO
HEHPOBIPYJICHTHICTh 30yJIHUKA. YpaKeHHs

HEPBOBOi CHUCTEMH MOXXE€ BHHHUKATH IIiJ
BIUIMBOM  pI3HUX  (AaKTOpiB, Takux K
TIMOKCis, ypaKeHHA JEKiIBKOX OpraHiB,

cencuc abo «uuTOKiHOBHU mTOpM». SARS-
CoV-2 3apaxae JI0AMHY, BUKOPHCTOBYIOUU
pelenTop  aHTiOTEH3MHIIEPETBOPIOBAILHOTO
depmenty 2 (ACE2), skuwii y HepBOBil
CUCTEMi TpeACTaBICHUH B Onb(aKkTOpHIH
JUJISTHIT, KOpi TOJIOBHOTO MO3KY, 0a3aibHHUX
TaHTJIisX, TIMOKaMIIi, TimoTagamyci, CTOBOypi
TOJIOBHOTO MO3Ky [l], eHmoTemianpbHHX
kiiTHax [2]. JletanpHi MeXaHi3MH MPOHUK-
HEHHS B [ICHTPAIbHY HEPBOBY CHUCTEMY
(IHC) mie He 10 KiHIS BHBYEHI, OJIHAK
PO3MIIAAAOTh HACTYIHI LUIAXM Iepeaadi:
NPOHUKHYBIIM B OpPraHi3M JIOJUHH Yepes3
JUXAJIbHI [UIAXH, BIpyCH MOXYTb OTPHUMATH
JIOCTYTI JIO TOJOBHOTO MO3KY 4epe3 HIOXOBY
UOYITMHY, BUKOPHCTOBYIOUH HIOXOBHUIT HEPB,
B TIOJIAJIBIIIOMY BPaXKAETHCS TOJIOBHUH MO30K
3 3aJy4EeHHSIM TalaMycy Ta cTOBOypY MO3KY.
Jpyruii muisx — KIiTHHHA 1HBa3is, iH(ikoBaH1
MOHOLIUTH Ta Makpodaru, ki yocoOIrOITh
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coboro  pesepByap I Bipycy I
MOJIAJIBIIOT0 PO3IMOAUICHHS B IHII TKaHWHHU.
[ndixyBanHs MOHOIIHTIB Ta niHii

MOHOLWTAPHUX KIITHH MPU3BOAWUTH N0 iX
aKTHBallli, Ha M0 BKa3ye€ TNPOAYKyBaHHI
po3anadbHUX MemiaTopiB. Kpim Toro, anaimi3
XeMOTakcucy in  vitro TmokaszaB, IO
PYXJUBICTb MOHOLIMTIB /0 XEMOKIiHIB Oyia
MiJBUIIEHA Ticias TOCTpoi abo  cTiiikoi
iH(eKuil SARS-CoV-2. Hactynumuit
MeXaHi3M — Iie iH()iKyBaHHS €HIOTeIiaIbHIX
KIITHH TeMmarocHIedaaiyHoro Oap’epa Ta
eIiTeTiaTbHIX TEeMaTONIKBOPHOTO 0Oap’epa.
[Ipsave BipycHe ypaskeHHS eHAOTemNilo abo
orocepeKoBaHa IMyHHa peakiis MOXYTbh
MPU3BECTH JI0 TOMIUPEHOI EHIOTEeNiaIbHOI
muchyHKIil [2], AKa € OINHUM i3 BaXKIMBHX
YUHHHUKIB MIKpOCYIWHHOI TUCYHKIIT 31
3MINIEHHSM CYOUHHOI piBHOBarh B Oik
Ba30KOHCTPHUKINI 3 TOAAIBIION IIIEMIi€r0
OpraHiB, 3alaJieHHAM i3 CYIMYTHIM HaOpsSKOM
TKaHUH 1 IPOKOATYJITHTHUM CTaHOM.
MexaHi3M BHUHUKHEHHS T'OJIOBHOI'O OO0
JOCTIHAKN TOSICHIOIOTh IMOBIpHO —depe3
MpsIMY 1HBA3iI0 3aKiHYeHb TPIHYACTOTO HEPBa
SARS-CoV-2 B MOpoXHUHI HOCOTJIOTKH, IO
MPU3BOJIUTL  JI0  aKTHBAllii  TpilyacTo-
cynmuHHOi cuctemu [3]. Ha MeHiHreampHOMY
piBHI adepeHTHI 3aKiHYEHHS TPIHYACTOTO
HEpBa IHHEPBYIOTh MEHIHT€aNbHI CyJIWHH,
CTBOPIOIOYH TPif4acTO-CyIMHHY CHCTEMY. Ii
aKTUBAIlis MOXe OyTH dYepe3 CHUCTeMHE
3alaJieHHs, M0 CHOpuse  ceHcuOimizamii
MEHIHT€aJIbHUX OO0OJIOHOK, MPHU3BOJIUTH JI0
MICIIEBOTO BHUBUTEHEHHS 3armagbHUX
MENTHUJiB, SKi CTUMYJIIOIOTh 3aKiHYEHHS
TpiliuacToro HepBa, TmpsMe 3B’ S3yBaHHS
SARS-CoV-2 3 kpoBOTOKY Ha pelentopax
ACE2, mo 3HaxoAMThCS Ha EHAOTENIl
MEHIHT€abHUX  CYJWH, 1[0  BUKJIHUKAE
SHJIOTEIT 1, OTXKE, 3amajiecHHS. Y HOCOBIH
MMOPOKHUHI € CHelialli3oBaHN HIOXOBUH Ta

HOCOBHH  emiTenii, NpPUUIOMY OCTaHHIH
1HHEepBYETbCs adepeHTHUMHU 3aKiHYCHHSIMH
Tpiiyacroro  Hepa. OmOpHI  KIITHHH

HIOXOBOI'O emiTenilo, B sKUH BOYyJOBaHi
HIOXOBI HeHpoHH, MatoTh peuentopu ACE2,
ne  SARSCoV-2  wmoxe  3B’43yBatucH,
BUKJIMKAIOUYM AHOCMIIO, CHMITOM, SIKWH
3HAYHO ACOIIIOETHCS 3 HASBHICTIO TOJIOBHOTO
Oomro. Ha piBHI emiTenio HOca cUCTeMa
TpiiiuacToro HepBa Moxke OyTH nepudepruaHo
aKkTUBOBaHa Oesmocepeanboro aiero SARS-
CoV-2 wHa emitenii Hoca abo TinKH
TpiiiyacToro HepBa, a00 HEMPSIMUN HUISAX, 110



BKIIIOYAE B3AEMOJII0 MDK HIOXOBOIO Ta
Tpiliyactoro iHHepBaumiero. Lli MexaHizMu
NOTPeOyIOTh TMOAAIBIIOT0 BUBYCHHS. Kpim
TOTO,  CyMiCHE  ICHYBaHHS  IEOTHAY,
OB’ 13aHOTO 3 TeHOM KanbIuToHiHY (CGRP)
3 aHTI0TeH3WHOBOIO CHCTEMOIO B CEHCOPHHX
HEHpOHAaX 1 TaHTIIAX TpiAgacToro HeEpBa,
CBITUUTH TPO Te, WUI0 paHHSI AaKTHBAIS
3aKiHYCHb TPIMUYaCTOrO HEPBa BipyCOM MOXKE
IHIIIFOBAaTH MEXaHi3MH, SKi MPU3BOIATH [0
royjoBHoro 0omto. CHiBBIIHONIICHHS PIBHS
mupkymorodoro CGRP 1 mpozananbHuX
UTOKIHIB IHTEpIeHKIHY-0 MOSICHIOE
MOXJIMBHI MEXaHi3M TOJIOBHOTO OO0JII0 Ha
mi3Hil craaii 3axsoptoBanast COVID-19.
l'onoBHUE  Oinb  CHOCTEpIraeTbes  Ha
MOYaTKy 3aXBOPIOBAaHHS Ta MOXE TPHUBATH
Oimpme 180 mHiB michs oxykaHHA. BiH mae
BIAMIHHOCTI BiJ 3BHYalHHX I'OJIOBHUX OOIIB,
Taki sK OiabpIla IHTEHCUBHICTH, IIBHAKHI
nepedir Ta  CTIMKICTP A0  3BHUYAHHUX
3HEOOIIOI0YHX TIPEnapaTiB M yac mepediry
3axBOproBaHHA. (OCOONHBICTIO TOJOBHOTO
oomo Bim COVID-19 y gdeskux MAaIli€HTiB
Oyrna 3HayHa BTpara Bard (5 Kr mpoTsrom 3
JTHIB), ITOB’sI3aHa 3 rojIoBHUM OosieM. Brpary
Baru He MOHa OyJlO TIOSICHUTH Jiapeecro, 110
TpuBae 100y, abo BTPATOI ameTUTy, TOMY
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MPUNYCKAIOTh, IO B TMpoIec, HMOBIPHO,
3aJy4eHU MOCWICHUH KaTabomi3M, oroce-
pEeNKOBaHMH WHMTOKIHAMH Ta KOPTHU30JIOM,
ingykoBanumu  COVID-19.  JlocmigHuku
BBa)XAIOTh, W0 IIBHJKa BTpaTa Bard 3i
3HAYHO 3HMKCHUM aleTHTOM TaKOX MOXKE
OyTH BiIMIHHOIO PHCOIO TOJIOBHOTO OOITO Bij
COVID-19. Tonopuuii Oinhb MaB O3HaKU
Mirpeti [4], Taki SIK MyJbcalis, MOCHICHHS
Npy 3BUYAHUX pyXax, CEHCOpHI po3iaiy,
Taki sk (oTtododis Ta dhorOohoOIA, HyHOTa.
BaxnmuBo  3a3HayMTH, [0  CHUMIITOMH,
MOB’s3aHI 3 MITPEHHIO, B TIEPIIy Yepry
MOXYTh MaTH LIEHTpPAJIbHE TIOXO/KEHHS, TOI
SK CHMIITOMH, TIOB’5I3aHi 3 TOJIOBHUM Oo0JieM
Bigx COVID-19, mBuame 3a Bce, MOB’sI3aHI 3
nepuepuIHIMHA  MEXaHi3MaMH  1HQEeKIl.
Takoxx BiAMIYAIOTBCS Taki OCOOIMUBOCTI
TOJIOBHOTO 0010 npu COVID-19:
JBOCTOPOHHIHM, CTHCKAlO4oro XapakTepy,
TpPHUBa€ TOAMHAMH, TIOCHIFIOETHCS BPAHI, IPH
Kalut ta Gpi3ndHii akTUBHOCTI [5].
HasBHiCTB TOJ0BHOTO 00O BigMidamach i
B TIOCT-KOBIIHOMY Tepioni, SK OIWH i3
KITFOUOBHX CHMITOMIB. Oco0nuBicTIO
MOCTKOBiHOT medanrii € 1i  TpUBAIICTH
Oimpmie 6 TwkHiB  (puc.l)  [6], mpwm
BiJICYTHOCTI BCiX iHIIUX CUMIITOMiB.
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Days after the first Covid-19 symptom

Puc. 1. Yacrora nanieHTiB i TpuBajicTh mocTkoBiaHoI Hedasrii

Fig.1. Frequency of patients and duration of postcovid cephalalgia

3aranpHa TMOIIUPEHICTh TOJIOBHOTO OO0
micit  COVID-19  3meHmnyerbes — mmicis
roctpoi (a3 Ta 3aIUIIAE€THCSA CTAOUILHOI B

pizHi niepioau crioctepexxenns micis COVID-
19 npotsirom niepuiux 6 micsii (puc. 2) [7].
Taka 3aKOHOMIPHICTb cIIOCTepiraiach i Oyia
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MOJIIOHOFO y TOCHITaIi30BaHUX i

HerocmitaimizoBanux namientis 3 COVID-19,
MiATBEP/PKYIOYH TIPUITYILEHHS, IO TOJOBHUIMA
MOITUPEHUM

Ooulp € CUMIITOMOM  ITiCJIS

Percentage

Hospitalised Non-Hospitalised

Puc.2. TpuBajicTh NOCTKOBITHOT0 TOJIOBHOTO $0JII0
Fig.2. Duration of postcovid cephalalgia

BUCHOBKH
Bipyc SARS-CoV-2 npusBoauth [0
iHpikyBaHHs, BukopucrtoBytoun  ACE2-

pelenTOpH, YacTHUHA, 3 SKHUX JIOKAJIi30BaHa y
pizaux  Biggimax IIHC, 1o 3ymosioe
BUHUKHEHHS HEBPOJIOTTYHOI CHMIITOMATHKH.
TonoBHMii Ol € OAHHUM 13 HaAWOUIBII

COVID-19 y BAXKKHUX MHALEHTIB
(rocmiTani3oBaHMX), a TaKOX Yy TAIli€HTIB
CcepeaHbOL Ta JIETKO1 TSKKOCTI
(HerocmiTanizoBaHHX).
Follow
B onset
Il 3003
[l 50 days
W »or
.»13003!3
TOII.EI
XapaKTePUCTHKH Ta  EBONIOIIS  MOXYTh
BioOpaXkaTH pizHi narodizionoriuni
MEXaHi3MH, 10 pOOUTh 11X BHUBYCHHSA

HEOOXiAHUM AJISl TPYHTOBHILIOTO PO3YMiHHS
rojoBHOro ©Oomo B TMepea- Ta IOCT-
KOBITHOMY Nepioli Ta MOLIYK BapiaHTIB JUIS
HOro yCyHEHHs.

Bupaxxennx cumnroMmiB COVID-19, iioro
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HEADACHE ON THE BACKGROUND OF CORONAVIRUS INFECTION:
FEATURES OF THE CLINICAL PICTURE

Feshchenko D. I.BSP Malyk S. L.AEF Shevnia M. B.CE
A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D —
writing the article; E — critical revision of the article; F — final approval of the

Introduction. Covid-19 has become a new problem of our time. Incidence in the world is rapidly
increasing, and with it, attention to the study of the mechanisms of virus pathogenesis is increasing. New
symptoms of SARS-CoV-2 persistence in the human body appear. It has been established that not only
respiratory manifestations are observed in infected person, but neurological symptoms are increasingly
coming to the fore. The main and common manifestation of Covid-19 infection is a headache in the pre- and
post-Covid period. Determining the possible routes of entry of the pathogen into the nerve cell, establishing
the specifics of Covid-associated headache remains an urgent problem in medicine.

The aim of the study. To analyze the data of the world scientific literature regarding the possible
mechanisms of invasion of the SARS-CoV-2 virus into the nervous system and their influence on the
development of headache in the pre- and post-covid period.

Materials and methods. A retrospective analysis of the literature of scientific databases Scopus, PubMed,
MedLines, Web of Science for 2020-2022 was carried out.

Results. The latest data of the researchers indicate the neurovirulence of the pathogen. SARS-CoV-2
infects humans using the angiotensin-converting enzyme 2 (ACE2) receptor, which is present in the olfactory
region, cerebral cortex, basal ganglia, hypothalamus, brain stem, and endothelial cells. The detailed
mechanisms of penetration into the central nervous system (CNS) have not yet been fully understood, but the
following transmission routes are considered: through the olfactory nerve, the brain is subsequently affected,
the second route is cellular invasion, infected monocytes and macrophages, which are a reservoir for the virus
for further distribution to other tissues, the next mechanism is infection of endothelial cells of the blood-brain
and epithelial blood-liquid barrier. The researchers explain the mechanism of the appearance of headache due
to the direct invasion of the endings of the trigeminal nerve in the nasopharyngeal cavity, which leads to the
activation of the trigeminal vascular system. Headache is observed at the beginning of the disease and can last
more than 180 days after recovery. It is characterized as bilateral, compressive in nature, lasts for hours,
resistant to conventional painkillers, intensifies in the morning, with coughing and physical activity.

Conclusions. The SARS-CoV-2 virus causes infection using ACE2 receptors, some of which are localized
in different parts of the central nervous system, causing neurological symptoms. Headache is one of the most
pronounced symptoms of COVID-19, its characteristics and evolution may reflect various pathophysiological
mechanisms, which makes their study necessary for a more thorough understanding of headache in the pre-
and post-covid period and the search for options for its elimination.

KEY WORDS: Covid-19, headache, neurological symptoms, pre-covid period, post-covid period
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CYUYACHI ACOHEKTUA KOPOTKOCTPOKOBOI BAPIABEJILHOCTI
APTEPIAJIBHOI'O TUCKY IIPH APTEPIAJIBHIN I'ITEPTEH3IT
OIJIAd JITEPATYPHN)

Kaniwesa O. B.

AptepianbHHA THCK € OJHAM 3 HAWHOUIBII JAWHAMIYHUX (i3IONOTIYHMX TapaMeTpiB, SKHU
XapaKTepu3yeThCsl Oe3MepepBHUMH Ta 3HAYHUMH 3MiHAMH TPOTATOM pI3HHX TPOMIKKIB dacy. Y
(iziomoriyHMX yMOBax IIi Bapialii apTepialbHOTO THCKY 3[eOiNbIIOro € BiATOBIAMI0 HAa CTUMYJISIIO
HaBKOJIMIIHBOT'O CEPEIOBUIIA, CIPSIMOBAHOIO Ha MIATPUMKY CEpLEBO-CYyJHHHOro romeocrasy. OmHak CTilike
T ABUIICHHS BapiaOeIbHOCTI apTepiaJbHOTO TUCKY MOXE OYTH Pe3yIbTaTOM ITaTOJOTIYHMX 3MiH MEXaHi3MiB
CEepLEBO-CYANHHOI peryJiidii, IO NPU3BOAUTE 1O HOPYLIEHHS pPOOGOTH CEepLEBO-CYIMHHOI CHCTEMH 3
TO/IANIBIITM PO3BUTKOM CEpLIEBO-CYIMHHHX 3aXBOPIOBaHb Ta YCKJITHCHb.

Kriniuee 3Ha4YeHHS Ta MPOTHOCTHYHI HACHIAKHM MOPYIICHHS BapiaOeTbHOCTI apTepialbHOTO THCKY Oyin
TIPOICMOHCTPOBAHI CEePi€0 KIHIYHUX 1 MOMYIMIIHHUX MOCTIIKCHb, TIPOBEJCHUX B OCTAaHHI POKH, B SIKUX
MiABUIICHHS BapiaOeTbHOCTI apTepiaibHOTO THUCKY OyIlo TOB’s3aHE 3 BHIIUM PU3UKOM ypaskeHHsS OpTaHiB-
MillIeHeH, CepLeBO-CyJUHHUX IO, CepLEeBO-CYAMHHOI Ta 3arajbHOl CMEPTHOCTI HE3aJICKHO BiJ PIBHA
apTepiaIbHOIO THCKY.

B ormsaai mpencTaBiieHO CydacHi YSABJICHHS TpO BapiaOenbHICTh apTepialbHOTO THUCKY, ii KiacH]ikairo,
METOAM OLIHKH. Po3risigaeTbesi maToreHeTHYHe 3HAYCHHST KOPOTKOCTPOKOBOI BapiabelbHOCTI apTepiaabHOro
THUCKY y TAI€HTIB 3 apTepiallbHOIO TIlEPTEH3i€l0 3 OOTOBOPEHHSM HASBHUX JOKa3iB IIOAO 3HAYYIIOCTI
KOPOTKOCTPOKOBOI BapiaOeIbHOCTI apTepialbHOTO TUCKY B CTpaTH(IKaIii CEPIICBO-CYTUHHOTO PU3UKY.

KITIO490BI CIOBA: kopomxocmpokosa — eapiabeibHicmb — apmepianbHo2o — MUcKy,  006o0ee
MOHIMOPYSAHHS APMEPIANIbHO20 MUCKY, CEPYEBO-CYOUHHUL PUSUK, APMEPIaNIbHA 2inepmen3is
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AprepianbHa  rineprensis (Al € piBeHb aptepiambHOro THCKY (AT) K
BKJIUBOIO MPOOJIEMOI0O OXOPOHH 3JI0POB'S B sHauynuii paktop CC pusMky Ta Mapkep
YCbOMY CBiTi uepe3 i BHCOKY YacToTy Ta edpexktuBHOCTI JikyBaHHs [4]. OmHak icHye
cymyTHi pusuku cepueBo-cyauHHux (CC) Tta CyTT€Ba BapiaTHUBHICTh NOKa3HUKIB AT
HUPKOBHX 3aXBOPIOBaHb, TaKi SK iIIeMidyHa MPOTSTOM PI3HUX YaCOBUX IPOMIXKKIB — BiJ
XBopoOa cepIs, IOPYIICHHS MO3KOBOTO OJTHOTO CEpIIEBOr0 CKOPOYEHHs IO IHIIOTrO,
KpOBOOOITy, XpoHiuHa xBopoba Hupok [1]. 3a BiJl ojfHOTO BUMiproBaHHs AT 70 iHIIOro mpH
JaHuMu €Bporeiicbkoro ToBapuctsa 3 Al JIOMaliHEOMy ab0 J00OBOMY MOHITOpPYBaHHI
MOUIMPEHICTh  IIbOTO  3aXBOPIOBAHHA Y AT, npu BumiptoBanas AT mij gac pi3HHX
UentpaneHit Ta CxigHii €Bpomi ckinagae Bi3uTiB A0 nikaps. PiBens AT, 6e3ymMOBHO, €
omuszeko 150 e Bumankis  [2]. Al e noMmiHyounM  ¢aktopom  pusuky  CC
NPUYMHOIO0 OJIU3BKO 7,8 MIIH cMepTeil y CBITI YCKJIAAHEHb 1 CMEPTHOCTI, aje B OCTaHHI
HIOPIYHO Ta IIOCIiTa€ TpeTe Micle cepes JIECATUPIYYS 3’ SIBJISETHCS BCE OLIBIIC TOKA31B
NpUYUH iHBaJiqHOCTI [3]. Toro, mo MimmmBicthe AT — He MeHII
Bapiabenvnicmos apmepiansnozo mucky — SHAuylWH MOKAsHUK, 11O  BIIMBAE Ha
6u3HaAYenHs, Knacugixayisn, mexanizmu nporso3 A’ Ta € He3aIeKHUM IPEUKTOPOM
dopmysanns CC 3axBOprOBaHb Ta CMEPTHOCTI [5].

®enomen BapiabenmsHOcTi (BAP) AT

IIpu Benenni namientiB 3 A" mocnigHUKH . N -
BiIOMU AOCHUTH AaBHO. Bmepmie iioro Oyio

Ta KIHIOMCTU 3a3BAYAll MOKJIAAAOTHCA HA
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OMKMCAaHO aHITHCHKUM (hizionorom CTiBeHOM
Ieiincom y 1733 p., a oIliHKa B KJIIHIYHUX
YMOBax cTajia MOXJIUBO Hampukinmi XIX —
mouatky XX CTONITTS, TICHAs BUHAXOMY
cthirmomanomeTpa Ta BIIPOBAKCHHS
HeiHBa3ilfHOro  BuUMiptoBaHHI AT  3a
meromamu PiBa-Pouui ta Koporkosa [6].
Icropuuno BAP AT posrnsganacs sk
BHIIaJIKOBHI YUHHUK, 00yMOBIECHHI
MOXHOKOI0 BHMIPIOBAaHHS, IO MEPEUIKOKAE
tounomy BuMipioBanHio AT. BAP AT
BBAXXAJIM TaK 3BaHUM «(HOHOBHM IIYMOM,
SKOMY HE HaJaBalHd OyIb-sIKOTO 3HAYEHHS 1
Hamarajgucs TOAONaTH 33  JIOIIOMOTOIO
BJOCKOHAJICHHS MOHITOPHHTY. Alle BXe Yy
KiHIIl MHHYJIOTO CTOJITTS TOYMHAETHCS
0OTOBOpEHHS KJIIHIYHOTO 3HAYEHHA I[HOTO
nokazHuka y mamieHTiB 3 Al'. Konmemmis
BAP AT 6yna okpeciiena Ha modaTtky 1970-x
pOKiB, y pemakuidHiii crarti Jkeiimca
KonBes, skuii 3a3Ha4yMB, IO «AiarHO3Y
rimepreH3ii 3aBXAW 3aBaKald KOJIHMBAHHS
aptepianpHOoro THcKy» [7], a y 1979 porui
Rosner B. ta Polk B.F. 3BepHynu yBary Ha
BaxuBicte BAP AT mono aiarHocTuku Ta
ckpuHiary AI' B kitiHiuHil npaktui [8].

B ocHoBy cyuacHol kinacudikariii BAP AT
MOKJIAJICHO TPHUBAJICTh IHTEPBATIB MK
BuMiproBanHsMu [9]. Po3pisHstoTh yibTpako-
poTtkocTtpokoBy BAP - Mk 1Boma
MOCJIIOBHUMHU CKOPOYEHHSIMH cepis;
amOynaropay — BAP AT Bixg BumiproBaHHS
JI0 BUMIPIOBaHHS MPOTSATOM XBHIIWH, TOJMH,
OCHOBHUX TepiojiB J1000BOT aKTHBHOCTI
(meHp-HIY), MmO BimoOpakae, B TOMY YHCIH, i
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uupkaani  konuBanHa AT, odicHy, abo
BHYTpPIIIHBbOBI3UTHY — KomuBaHHS AT Big
BUMIpPIOBaHHS JI0 BHMIPIOBaHHS [ 4Yac
OJTHOTO BI3UTY JI0 JIiKapsi; CEpeIHbOCTPOKOBY
— MPOTATOM JEKUIBKOX ITOCHIIOBHUX IHIB Ta
noBroctpokoBy BAP — 3mian AT mporsrom
TIXKHIB, MICSIIiB, PIYHUX CE30HIB Ta POKIB,
[0 TaKOX BH3HAYAIOThH SK MiXBi3uTHY BAP
AT. 3aznaueni tunu BAP AT ymoBHO
pPO3IUIAIOTE  HAa  KOPOTKOCTPOKOBY  Ta
nmosroctpokoBy BAP AT. Jlo xopoTkocTpo-
KOBOi BIJHOCSTH YJIBTPaKOPOTKOCTPOKOBY,
aMOyraTopHy Ta 0¢iCHY, A0 JOBTOCTPOKOBOL
— CepeoHBbOCTPOKOBY Ta MikBi3uTHy BAP
[10,11].

AT — [uHaMiYHHH  TIOKa3HHK, IO
3MIHIOETBCS ~ 3aJI€KHO  Bif OaraTbox
30BHIMIHIX 1 BHYTPINIHIX (aKTOpiB, SK TO
¢i3MYHa aKTHBHICTh, €MOIIIHUIA CTaH,
npuidoM T1Ki Ta JKapChKUX IpenapaTis,
HIYHUH COH TOIIO, HIO Y CBOK 4Yepry
BU3HAYAEThCA  30aJIaHCOBAHICTIO  HEHpO-
rymopainbHoro kontpoiaro CC  cucremu.
®aktnuao BAP AT BimoOpaxae craH
MPOIIECiB, IO BIAMOBIAAIOTh 32 KOHTPOJIb
Horo piBHA, a Tunn BAP mMoxHa posrisgatu
K pe3yibTaT (PYHKIIOHYBaHHS MeXaHi3MiB
perymsanii AT, 1mo nil0Th B HaJKOPOTKI,
KOPOTKi, CEepeIHBbOTpUBaIi Ta  TpUBaNi
tepminu (tabi. 1, 2) [12]. TIpote ocraTouHwmii
MeXaHi3M B3aeMOIi1 (hakTopis, 110
BIUTMBAIOTH Ha peryJsimio AT 1 poOnsats ioro
HaI3BUYAHHO JMHAMIYHOIO 3MIHHOIO,
3aJIUIIACTHCA HEBIJIOMUM.

Tabmuus 1
Table 1

Mexanizmu peryasuii AT, mo ail0Th B HAAKOPOTKi Ta KOPOTKi TepMiHn
Mechanisms of blood pressure regulation acting in ultrashort and short terms

Hepsosi

I'ymopainbHi
®  KaTexoJIaMiHH
e  IHCYJIIH Ta iHCYJTIHOPE3UCTEHTHICTh
e amrioren3uH ||, Opanukinin

CepueBo-cynuHHI

Peonoriuni
®  B’A3KICTH KPOBi (aHEMisl, TeMOIIIIIONS)

®  AKTHUBHICTh CUMIIATUYHOI HEPBOBOI CHUCTEMU
e  CyAMHHI Ta KapaioyJIbMOHANBHI pediaekcn

e  eHJOTeNiH-1, OKCHJI a30Ty Ta eHAOTeNiaNbHa JUCHYHKILSA

®  EIACTHUYHI BIACTHUBOCTI BETMKUX apTepin
®  Ba30MOTOPHI MOAYIALIi HepUPEPUIHUX CYTUH
e  3MiHH yJapHOTO 00’€My Ta CEpIIEBOTO BHKHITY
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[Iponorxenus tadi. 1

MerabomiuHi
e  rimepkamHis / Tinokcis
e  anMI03 / aNKaJio3
e  nucOanaHC eIEKTPOIITIB
Hupxosi
e injguBigyanpHa yyTauBicts 10 NaCl
®  GKCKpELlis HaTpilo 3 ceyero
dakTopH HABKOJIMIITHBOTO CEPEIOBHUINA
®  CE30HHI 3MiHH
®  BHUCOTHI 3MiHH (rimo0apuyHa rirnokcis)
IToBeninkoBi
e  Hampy)XeHHS Ha poOoTi
e  piBeHb (Pi3MYHOI aKTUBHOCTI
®  pEeXHM, AKICTh Ta TPUBATICTH CHY
®  3MiHH NOJIOXKCHHS Tijla
®  CIIOXXMBaHHS COJIi
Emouiiini
®  [ICHUXOJIOTIYHHU CTpeC
I'enernuni
dakropu, MOB’s13aHi 3 JIKYBaHHIM i IPUHOMOM aHTUTINEPTEH3UBHHX Ta IHIIUX IpenapaTiB

Tabmuus 2

Table 2
Mexanizmu peryasnii AT, mo IiloTh y cepeJHbOCTPOKOBI Ta I0BrocTPOKOBI TepMiHM

Mechanisms of blood pressure regulation acting in the medium and long terms

TToBeninkoBi
e  Hampy)XeHHS Ha poOoTi
piBeHb (i3MYHOT AKTHBHOCTI
PEXHUM, SIKICTh T4 TPUBATICTH CHY
3MIiHH MTOJOXKEHHS Tijia
CITO’KMBAHHS COJTi
®  IIKIiTUBI 3BUYKY (TIATIHHS, BXKUBAHHS aJIKOTOJIIO)
®dakTopH, MOB’sI3aHi 3 AHTUTINCPTCH3UBHUX JIIKYBAHHAM
e  HeBiAmoBigHUN KOHTpOIE AT
e  [IOoraHa MPUXIIBHICTH MAIli€EHTA JI0 JTIKYBaHHSI
e  HempaBWIbHE 03yBaHHS / THTPYBAaHHS aHTUTINIEPTEH3UBHUX MpenapaTiB
®  TPOIYCK 1037 a00 3aTpHMKa MPUHOMY Ipernapary
Hemotpumannas ymoB BuMmiptoBaHHS AT (MEOIUYHUMH TIpalliBHUKAMH, MAIliEHTOM TIIPH JIOMAITHBOMY
MoHiTopyBaHH: AT)
DaxTopU HABKOJIMIIHBOTO CEPENOBUILIA
®  CE30HHI, TOB’s13aHi 31 3MIHOIO TEMIIEPaTypy HaBKOJIHIIHBOTO CEPEIOBHUILA
®  METEOpOJIOTiuHi, OB’ A3aHi 31 3MiHOI 0apPOMETPUYHOTO TUCKY
®  3MiHM BHCOTH HaJ PIBHEM MOPs

Touna ominka koamBanb AT, 110
BinOyBalOTbCs B AyKE€ KOPOTKI TEpMiHH,
NPOBOJUTHCS B JOCHIAHUX  MEAMYHHX
ycTraHoBax abo 1mo3a HHMH, B aMOYJIaTOPHHX
yMOBaX, 1 BHMara€e MpOBEJIEHHS MOCTIHHOTO
samucy AT MK CKOPOYEHHSIMH  CepIIs

Memoou ouinku eapiadenvnocmi
apmepianbHO20 MUCKY

Oninka BAP AT nporsrom pi3HHX
YaCOBHX TPOMIXKKIB MOXe OyTH BHKOHaHA
NUIIXoM aHaiizy BumiptoBanb AT 3a morio-

MOTOI0 PISHHX MCTO/LB MOHITOPUHTY, SK TO IIPOTSTOM Pi3HUX MEePiOJiB Yacy — BiJ XBHIMH
Gesnepepshuit sammc AT Mk cepuesnMu 110 rojuH. J{jis Ge3MepepBHOTO BUMIpIOBAHHS
CKOPOYEHHSIMH, 3BHMYaiiHi OQicHI BUMIipIO- AT  BUKODHCTOBYIOTh /BA MPHHIHIOBO
Banusg AT, aM6ynaT0pH§ 060Be  MOHITO- pi3HMX WigXOmW, a caMe iHBa3iiiHWi Ta
pyBaHHS Ta JIOMAITHE MOHITOpYBaHHs AT. HeinBasiiinuit. [lepmmii BMMarae BBeIEHHS
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BHYTPIIIHbOAPTEPIaAILHOTO KaTeTepy B OIHY
3 [EHTPAJIBLHUX apTepid, ApPYruil 0azyerbes
HAa METOJUIll apTepiaibHOi arlaHamiiHOT
toHomeTpii [13]. 3a 1O0MOMOTO0 IIMX METOIIB
MOYKHa BU3HAUUTH CTaHJAPTHE BiJXWICHHSI
(SD) cepennix 3HadeHb AT, a TaKOX OIIHUTH
pi3HI YacTOTHI KOMITOHEHTH crekTpy BAP
AT. BBaxkaerncs, MO0 L€ Oa€ MOXKJIUBICTH
NPOBECTH OLIHKY CTaHy MEXaHi3MiB, IO
BiAmoBigaoTe 3a peryminito AT, 30kpema,
apronomuoi HC [14,15]. Ommak TexHiuHi
mpo0JIeMu, 0 BUHUKAIOTH MpU 0€3 mepepB-
Homy 3amuci AT, sk To HecTabOiIBHICTH
HEIHBa3iMHUX BHMIPIOBaHb 11032 MEIMYHOIO
YCTaHOBOK) Ta TPYAHOIIl 3 MPOBEICHHIM
IHBa31MHUX 3aIUCIB B aMOYJIATOPHUX YMOBax,
3aBaJMIIU 1IbOMY METOJy HaOyTH IIHMPOKOTO
3aCTOCOBYBaHHS B KITiHIYHIH MPaKTHUIL.
ANBTEPHATUBHAM METOJOM JIISl OLIHKH
kopoTtkocTpokoBoi BAP AT e mpoBeaeHHsS
HEIHBa31MHOTO 1iJI0J000BOT0 aMOYJIaTOPHOTO
MOHITOpPYBaHHS 3 BUMipioBaHHIM AT KoXHi
15-30 xBumun [16,17]. eit MeTon mo3BOJISIE
OIIIHATH KOPOTKOCTPpOoKOBY BAP AT misxom
obuucieHHs ctaHaapTHOrO BimxuieHHs (SD)
ta koedimienrta Bapiauii (CV) — iHaekciB, sKi
TPaJUIIHHO BUKOPUCTOBYIOTHCS IS OI[IHKH
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KopoTkocTpokoBoi BAP AT [18]. Ame SD
BigoOpakae numie rnodansHi KonuBanHs AT
HaBKOJIO CEPEAHbOTO 3HAYECHHS 1 HE BPaxoBye
9YacoBy IOCTINOBHICTh BHMIpIOBaHb, a
3HaueHHs iHAgekcy CV  3ajexars  BiA
cepenaporo  piBags AT,  BpaxoByroum
METOJMKY PO3paxyHKy LIbOTo mapametpy. o
toro x iHaekcu SD ta CV € uyrnuBumu 10
HUpKagHoOTro puTMy Ta 3MiH AT y BiamoBiab
Ha KOHKPETHi cTpecoBi (hakTopH, K TO Oib,
eMOIIHHNN CTpec, 3MiHAa ITOJOXKEHHS Tila
TOO. 3 METOI BJIOCKOHAJICHHS METOIIB
OIIHKU KOpoTKOCTpokoBoi BAP AT Oymm
3alpPOTNIOHOBAHI aJbTEPHATHBHI 1HIEKCH, IO
no30aBieHi IUX HEIOMIKIB:

ARV — cepenHsi icTHHHA BapiaOeNbHICTS,
«average real variability»;

SDw — SD sBaxemne, «SD weightedy;

VIM — BapiaGenbHICTh, MO HE 3aIeKHUThH
Bil CEpPEeAHBOTO  3HAUEHHs,  «variation
independent of meany;

RSD - 3anuiikoBe CTaHIapTHE BiIXH-
neHHs, «residual SDy;

SV — koeoilieHT TOCTIMOBHOI Bapiaii,
«successive variationy;

BPVR - xoeo¢iumiear BAP AT, «blood
pressure variability ratio» (ta6m. 3).

Tabmuus 3
Table 3

Inaexcu KOPOTKOCTPOKOBOI BapiadeIbHOCTI apTepiajJbHOI0 THCKY
Indices of short-term blood pressure variability

Dopmyna

Inoexc
BAP AT

Xapakmepucmuka

2
SD SD =

1 n _
o 1zi_1(xz -X)

Knacuyne cTaHmapTHe BigXWieHHsA. €
BiJOOpaXCHHSAM TIIOOANEHUX KOJIMBAHb
3HayeHb AT HaBKOJO CepelHBOro, He
BpPaXxOBYIOYHM  4YacOBY  IOCIIIOBHICTb
BUMipioBaHb. UyTiMBUI 10 KUIBKOCTI
BUMIpIOBaHb, ayTiaepiB Ta
eKCcTpeMabHuX 3HaueHb [18].

SD
cVv CV = 1007

KoedimienT Bapiarii. Kopurye 3 cepenaim
AT, aje irHOpYE MOCJIIIOBHICTH
BuMiproBans [18].

SD, ckopuroBaHe 3  ypaxyBaHHIM
KIJIBKOCTI TOAMH y KO)KHOMY 3 OCHOBHHX
YacoBMX NEpioAiB MOHITOpYBaHHI —

SDaeHb X feHHi roguHu + SDHi4 X Hiuni roguan | ACHHOMY Ta HIYHOMY — YCEPCIHIOIOYHN

SDw SDw =

JeHHi TOJUHU + HiYHI TOJUHU

3HayeHHs SD  1mMX JIBOX  YacOBHX
nepioniB. TakuM  YHHOM  BHAETHCA
YHUKHYTH BILUTUBY ITUpKagHOTO pUTMy AT
Ha TIOKa3HUKH KOPOTKOCTpOokoBoi BAP
AT [19].
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[Iponorxenus Tadi. 3
Continued of table 3

1 N-1
ARV ARV = mz 141 — X
i=

CepenHe 3HA4YCHHS aOCOJIOTHUX Pi3HHUIb
MIX ITOCTIiIOBHIMH BUMipro-BaHHAMH AT.
BpaxoBye TOCHiIOBHICTE BHUMIpPIOBaHb,
ale  He  iHTepBaN MK  HHAMHU.
30cepeKyeTbesl  HAa  KOPOTKO-9aCHHUX
smiHax AT Ta mo30aBicHHI BIUIMBY HOTO
LUPKaJgHOro  puTMy. UymimBuid [0
MOCJIIIOBHOCTI BHMIpIOBaHb Ta MEHIIIOO
Miporo — 710 KiibKocTi BuMiproBaub [20].

— _\ k
VIM X(x))

VIM = SD x (T
X

Crynminb 3BeseHHs K pospaxoByroTh 3a
JIOTIOMOTOI0  HeJNiHIMHOT  perpeciiiHol
Mozem yciei KOTrOpTH TAIi€HTiB, IO
yBifM y pocmimkerHs, ge SD = axxk,
He xopemoe 3 cepemnim piBHem AT.
Po3paxoByetscs 3 po3noziny 3HaueHb AT
B KOXHII KOHKPETHIM HOCHiKyBaHii
KOTOpTi, OTXE, OTPUMaHi 3HAYCHHS HE
MOXKHa TOPIBHIOBATH MIDK HOMYJIALISIMH

[21].

iz (i —3)?

n—2

RSD RSD =

perpecii AT

SD 3aimumkiB  JiHiAHOL
BiJTHOCHO Yacy

AT = a + bxgac. BwusHauaTh K
KBaJIpaTHUH KOpIHb i3 CyMH KBaJpaTiB
BiIXWJICHB Bif JiHil perpecii AT BimHOCHO
gacy. He BpaxoBye TOCIHIIOBHICTb
BHUMIpPIOBaHb. € BiTOOpaKCHHSIM MIBHIKUX
KOJNUBAaHb, 10 3aJUIIAIOTHECS  IICHs
BUKJIFOYEHHS TIOBIIBHINIMX KOMIIOHEHTIB

mpkagHoro putmy AT [22].

SV SV =

[oni6uuit mo ARV. Po3paxoByeTbcs K
KBaJIpaTHUH KOpiHb cepeaHbO1
KBagpaTH4HOi (a He abCoNIOTHOI, K Y
ARV) pisHuii  MDK  TOCTIJOBHUMH
BajmigHuMu BumiproBanusmMu AT. Tak
camo, sk 1 ARV, Ga3yeTbcs Ha 49acoBiii
IOCJTiTOBHOCTI BHUMIipIOBaHb i
nmo30aBieHnit BBy piBHI AT, ane He
BpaxoBy€ BIJHOCHHU iHTEpBal MiX
BUMIPIOBaHHSAMH, SIKHH MOXKE
BiJJPI3HATHUCS BiJ TAIli€HTa JO MAIli€HTa,
0COONIMBO B PETPOCIIEKTUBHUX Habopax
nanux [22].

SDcar

BPVR =
SDpar

BPVR

€ BigHomeHHsaM aeHHol BAP AT no
HIYHOI, BH3HAYEHOIO 3a JOIIOMOTOO
inmekcy SD [23].

N - kizekicmo sumiprosansv AT 6 okpemozo nayicuma, i — nopsoxosuil Homep sumipioganus AT 6 psdy nocriooguux

BUMIDIOBAHD,

Xi - okpeme eumipiosanns AT, X — cepeone snauennsn eumipiosans AT 6 okpemozo nayicuma; X(x) — cepeone ycix
cepeonix y eubipyi; X, — nidienani snavenns ainiunoi peepecii AT gionocno uacy

Pazom 3 THM, O LBOrO Yacy HE iCHYE
KOHCEHCYCY MO0 TOro, SKHH 13 1uX
MOKA3HUKIB  HAWJOLIJIbHIIIE  BHKOPHCTO-
BYBAaTH IpU NMPOrHO3yBaHHI niepediry Al. [lo
TOTO X, X04a [yl TAKOi BUCOKOAIaTUBHOI Ta
JUHaMIYHOI 3MiHHOI, sIK piBeHb AT, Mae OyTu
NpUTaMaHHUH TIEBHUH CTYNiHb (i3ionoridyHol
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BapiabenbHOCTI, JUIs OUIBIIOCTI 1HAEKCIB
KopoTtkocTpokoBoi BAP AT joci  He
pPO3pO0JICHO  PEKOMEHIOBAaHHMX  IIJIOBHX

3Hauenb [6]. Ha choromHimmHii AeHb TiABKH
JUIsL  1HAEKCY, IO TPAJWIiifHO BUKOPHC-
ToByeThCcs st ominku BAP AT — SD -
3alpOIIOHOBAHO TIOPOTOBI  3HAYEHHS IS




BcTaHOBIeHH migsuiieHoi BAP AT, ane i
BOHHU € MPEIMETOM JHCKYyCiit [24].

Ilamozenemuune 3nauenns eapiadenvhocmi
apmepianbHO20 MUCKY Y RAUIEHMIB 3
apmepianbHOIo 2inepmen3ielo

BAP AT € BaxauBuM (i3i0oi0origaHAM
MEXaHI3MOM JUIS IATPUMaHHS aJeKBaTHOI
nepdy3ii opraHiB y BIANOBiAb Ha 3MiHY
MeTa0oMuyHUX MoTped ado yMOB HABKOJIMIL-
HBOTO cepenoBuila. OnHaK CTiHKe MiABUIICH-
H1 BAP AT npusBoauth A0 3MIH CepIeBO-
CYIUHHUX PETYISTOPHUX MEXaHi3MiB, IO
BUKJIMKA€ HECTPUATINUBI  T€MOIWHAMIYHI,
MeTaOomiyHi epekTr Ta Mae HEraTUBHHMA
BIUTUB Ha HUPKH, ceplie i cyaunu [25, 26].

ExcniepyMeHTH Ha TBapUHHHX MOJIENSX
AI' 3 minBumenoro BAP AT no3sommiu
BUSBATH  JIeKi  OCHOBHI  MOJEKYISpHI
MeXaHi3MH, SIK1 MOXYTb TTOSICHATH
nporHoctTuunuid BB BAP AT mromo
MOIIKO/KEHHST ~ opraHiB-mimened. [linsu-
mieHa BAP AT y mypiB i3 A" npu3BoIuTh 110
IHAYKI{ JIOKaJhbHOTO XPOHIYHOTO 3artajJeHHs
MiOKapIy 4epe3 aKTHBAIlil0 aHTiOTEH3WHIIE-

perBoprorodoro  Qepmenty.  3a3HadyeHe
CIPUYNHSE iHOibTpanio Miokapna
Makpodaramu, TinepTpodilo MIONHUTIB Ta

nepuBacKysipHaidl Gpidpo3, i, TAKUM YUHOM,
NpU3BOIUTH 110 rineptpodii  Miokapna,
peMojieoBanHs Ta auchyHKIi cepist [27].
Takox OyJ0 MTPOJIEMOHCTPOBAHO, 110 TIOIiOHI
AHTIOTEH3UH3AJIC)KHI TpOo3ananbHi 3MiHH B
HUPKax MPU3BOIATH bi o) aKTuBI3aLil
aTEPOCKJIEPOTUYHHUX TPOIIECIB 1 MOCHIIIOIOTh
MIPETJIOMEPYIISIPHUIA apTePioToCKIepo3, SIKUi
JISKHUTh B OCHOBI Ypa)K€HHSI HUPOK BHACIIIOK
migsumenoi BAP AT [28]. Tak camo, y
urypiB 3 AI' Ta migBuiienoro BAP AT Gyno
MPOJICMOHCTPOBAHO 301UJIBIICHHS AKTUBHOCTI
MIHEPAJIOKOPTUKOITHUX ~PEIENTOPiB  KOpPO-
HApHUX apTepil Ta MIONHUTIB, IO TIPU3BOIUTH
JIO 3aMajbHHUX 3MiH y MiOKap/i 3 MOMaIbIIuM
PO3BUTKOM Horo rimeprpodii Ta ¢idposy
[29].

KrniniuHa 3HaYMMICTH KOPOTKOCTPOKOBOT
BAP AT Bnepme Oyna mpoieMOHCTpOBaHa B
XOJIi TOCIIJPKEHb 13 3aCTOCYBaHHSM METOJIB
BHYTpillIHbOapTepiasibHoro 3amucy AT Mixk
CepLEBUMHU CKOPOUCHHSAMH Yy MalieHTiB 3 Al
Pesynbraty nux A0CIHiKEHb TPOJIEMOHCTPY-
B TIPSIMHUA KOPENALIHHUN 3B’S130K MiXK
BAT 1 cTyneHeM YIIKO/)KEHHS OpraHiB-
MIIIICHEeW HE3aJIeKHO BiJl CEPEAHBOTO PiBHS
AT. [12]. Parati G. ta cmiBaBT. B OJZHOMO-
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MEHTHOMY HOCHIIPKeHHI, IO SKOTO YBIMIIIIN
182 mamiientn 3 A, mo He mnpuiimManu
TIMOTEH3WBHUX  MpenapariB,  MPOBOIMIN
BHYTpIlIHbOAPTEPiaIbHUI JOOOBUH MOHITO-
puar AT B yMmoBax cramioHapy i BIepiie
HaJald  JOKa3W TICHOTO 3B’SI3KYy  MIXK
YpaXXeHHSIM OpTaHiB-MillIeHe! Ta MiHIUBICTIO
AT mnporsrom n0o6u y nauientiB 3 A" [30].
[Miznime Frattola Ta cmiBaBT. omyOJiKyBaIH
pe3yabTaTi 00CepBaIiHOTO JOCIIHKCHHS 13
3amydeHHsM 73 mamieHtiB 3 Al pizHOrO
CTYIIEHIO TSDKKOCTI (CepemHs TpUBAJICTh
crioctepexkeHHs 7,4 + 2,1 pokis). Ha mogaTtky
CIOCTEPEXKEHHsI ~ TallieHTaM  MPOBOJMIN
noboBe MmoHiTopyBanHs AT BHyTpimHbOAp-
TepiaIbHUM METOJIOM Ta OIIHKY CTYICHIO
VIIKO/DKeHHST opra”iB-mimenei. Ilix dac
OCTaHHBOTO BI3UTY NPOBOIWIN TOBTOPHY
OIIIHKY CTYTICHIO ypa)XeHHS OpTraHiB-MimeHei
BIJIIOBITHO JIO TOTO X IPOTOKOJY, IO W Ha
noyatrky cmocrepexxenHs. Lle mocmimkeHHS
CTaJlo MEpIInM, B SIKOMY OYJIO JJOBEJCHO, IO
CC ycknagHeHHS y MalOyTHHOMY 3alleXkKaTh

Bil cTaHy KopoTkocTpokoBoi BAP AT
npotsirom go6u [31].
Y  nmoBrorpuBajoMmMy  oOcepBalliiiHOMY

JOCITI/PKEHH] (CepesiHsl TPUBANICTh CIIOCTE-
pexxeHHst 8,5 + 2,4 pokiB) 3 BHKOPHCTaHHSIM
Metony nmoboBoro  MmoHiTopyBanHs AT
(IMAT) KikuyaM. Tta cmiBaBT. mifmnmM
BHCHOBKY, II0 KOpoTKocTpokoBa BAP AT e
HE3ISKHUM TPETUKTOPOM CMEPTHOCTI Bif
CC 3axBOpIOBaHb y 3arajibHill IMOMYJISIIiT
[32]. Tlomanpmri KimiHiYHI JOCTIMKEHHS 3
BUKOPUCTAHHSAM JIMAT JTO3BOJIUIIHA
OTpUMATH  JIOKa3W, 10 MiATBEPIKYIOThH
MPOTHOCTHYHE 3Ha4YeHHs minBuiieHoi BAP
AT sk Mapkepa HECHPHATIMBOrO TNepediry
AI'. Byno BCTaHOBJICHO, IO IiJABUINECHHS
KopoTkocTpokoBoi BAP AT -  Big
BAMIPIOBAHHS JIO BUMIPIOBAHHA — acOIlio-
€ThCS 3  YpaXEHHSIM  OpraHiB-MillleHeH
He3aIeKHO Big piBHSI AT Ta € mpegukTopom
CC i zarampHOi cmeptHOcTi [33-35]. El
Mokadem M. Ta cmiBaBT. BUSIBHIIN HasiBHICTh
NPSIMOTO CTATUCTUYHO 3HAYYIIOTO 3B’SI3KY
Mk BAP AT Ta rineprpodieto niBoro
nuyHouky (I'JDK), ToBumnoto inTUMHU-Menil
Ta PO3BUTKOM PpETHHOMNATI y MaLi€HTiB 3
koHTposboBanow Al [33]. ¥V nomysmsmiii-
HOMY JIOCHIJDKCHHI 3a Y4YacTIO IAI[iEHTIB
MOJIOJIOTO Ta cepeaHboro Biky 3 Al
MiATBEP/VKEHO  NPOTHOCTHYHE  3HAYEHHS
KopoTkocTpokoBoi BAP AT nmns necnpusr-
JUBHUX CEPLUEBO-CYJMHHUX Ta HHUPKOBHUX
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mofiii, HesamexHo Bim pias AT [34]. V
MeTa-aHal31 4-X IOCIIKEHDb IMABUILEHHS
BAP cucromiunoro AT (CAT) Oyno
NoB’si3aHe 31 30UIBIICHHSM CMEPTHOCTI BiA
ycix npuuus [35].

IIpocnocmuuna 3nauyujicms inoexcie
KOPOmMKOCMPOK06oi eapiadenvHocmi
apmepianbHO20 MUCKY 6 cmpamuikauii
cepueso-cyOuHH020 pU3UKY

Hatenep BuBueno pisni ingekcu BAP AT
Ta  TATBEpIKEHO X  3HA4YeHHA  SIK
MPEUKTOPIB  CEPIEBO-CYANHHUX  yCKIJIAJ-
HEHb, TAKHUX SK 1HCYJIbTH, 1IEMiYHa XBOPOOa
ceplst, XpoHiuHa xBopoba Hupok [36-40]. ¥V
BEJIMKOMY MeTa-aHaji3i 26-TU JOCHIKCHb
migpumienHss BAP AT acomitoBanocs  3i
30UTBIICHHSM YacTOTH XBOPOOHW JApiOHHMX
cynmuH romoBHoro Mo3ky (XJCI'M) sk y
mamienris 3 AL, Tak 1 06e3 Hel VY
JIOCITI/DKEHHSX, 1110 YBIWIUIM y JaHUH MeTa-
aHami3,  KOpOTKocTpokoBy  BAP AT
BUMIPIOBAJIM PI3HIUMHU METOIAMH, 30KpeMa, 3a
pesynpratamu JIMAT Bu3Ha4danmu iHOEKCH
SD, CV, SDw, ARV, VIM Ta SV. Bapro
3ayBaXKHTH, 111(0) HE BCi BOHHU
MPOJEMOHCTPYBaIM CTATUCTUYHO 3HAYYIII
pesyabTat mono pusukie XJICI'M. Tak, y
mamieHTiB 3 masumeHo BAP 3a ingexkcamu
SD T1a CV BigHOWIEHHS MIAHCIB IIOJO
po3BuTky XJICI'M BHSBHIIOCS CTaTUCTUYHO
3HauymuM sk g CAT, Tak 1 mos
miactomiunoro AT (JAT), tomi sk s
miasumenoi BAP AT 3a imnexkcamu VIM Tta
SV crarucTH4YHO 3HAYymUX 3B’S3KIB 13
pusukoM po3BUTKy XJICI'M He BCTaHOBIEHO
Hi g CAT, wi mna JIAT. Boxmnowac s
miasuienoi BAP 3a ingexcamu SDW ta ARV
CTaTUCTHYHY 3HAYYIIICTh MIOAO PO3BUTKY
XACI'M oOyno Busieneno Tinbku miss CAT
[36].

Y  PeTpoCHeKTUBHOMY  JIOCITIJUKEHHI
Wang, Xi etal. cepen pi3Hux mnapameTpiB
JAMAT no6osa BAP CAT, mo Bu3HayYaIH 3a
iHgekcom SD, Oyna €IMHOI HE3aJIeKHOI0
3MiHHOIO, TIOB’SI3aHOIO 31 3HIKEHHAM (QYHKITIT
HUPOK Yy TAI[IEHTIB MOXUIIOTO Ta CTapedoro
BiKy 3 100pe konTposboBaHow Al. Crix
3ayBaXXHUTH, IO B IbOMY JOCTI/DKEHHI OLIHKY
BAP CAT ta IAT npoBoaviIH TiTBKU 3a 1AM
IHICKCOM, Ta aHalli3yBaJd HOT0 pa3oM 3
iHmmmu napamerpamu JIMAT, takumu sk
cepennii  piBeHb AT, CTymiHb HIYHOTO
3HWKEHHS Ta iH. [37].

[IpociekTHBHE MOOCH/KEHHS 3 aHali3y
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B3a€EMO3B’SI3KiB KOPOTKOCTPOKOBOi BAP AT
Ta PO3BUTKY HUPKOBUX MOAIN Y MAIi€HTIB 3
XpOHIYHOIO  XBOpoOoro  HHpok (XXH)
Mokasano, mo kKopoTkocTpokoBa BAP CAT
aCOITIIOETHCSA 3 PU3MKOM HHUPKOBHX IOAiH, a
caMe TIepeBelIeHHs Talli€eHTa Ha 1miaii3 abo
rmepecajKka HHUPKH, HE3AJIC)KHO BiA piBHIB
mobosoro, genmoro Tta Hiunoro CAT.
HeoOximHO Haromocutd, 10 B JaHOMY
mocimmkenHi BuBuain TiUlbkn BAP CAT,
BU3HaYeHy 3a ingekcom SDw [38].

A.Hassan Ta cIiBaBT. MPOBENHM aHAJI3
kopoTkoctpokoBoi BAP AT y marmienTtiB 3
roctpuM kopoHapHuM cuHapomoM (I'KC). V
nociimpkenns yeidmmum 200 namientis 3 ['KC,
akuM Oyno mposeaeHo JIMAT mpotarom
Mepmux 2-X JHIB micis rocmitamizarii. s
ominku BAP AT pospaxoByBanu ingekc SDw
mist CAT Ta, BIAMOBIAHO A0 OTPUMaHHX
pe3yJbTaTiB, BIIHOCUIM MAIIEHTIB J0 TPYIH
HU3bKOi abo Bucokoi BAP. [Ilepion
CIIOCTEPEIKEHHSI CKJIaB y CEpEeAHbOMY 7 IIHIB.
KiameBuMu Todkamm BBakamw peiH(DapKT,
PO3BUTOK  IIOKY,  IHCYJBTY,  CepleBOl
HEJOCTaTHOCTi, TilIEPTOHIYHOTO Kpu3y abo
JKUTTE3ArpO3TMBOI  apuTMii  Ta  CMEpTh
naiieHra Bix Oyap-skoi mnpuumbu. Corix
3ayBaXUTH, O yci mapamerpu JMAT, mo
BUBYAIINCS, BUSBUJINCS 3HAYHO BUIIMMH B
rpymi mamieHTiB 3 migBuimeHoro BAP AT. 3a
pe3ynbTaTaMu  JIOCHIDKEHHS,  aBTOpaMH
3p00JICHO BHCHOBOK, 1110 MiHimBicTh AT Bij
BUMIpPIOBaHHS JI0 BUMIPIOBaHHS € HE 3aJieikK-
HUM TPEAUKTOPOM PO3BUTKY HECIPHUATIUBUX
CepleBHX  IMOMAIM  TPOTATOM  Tepiomy
rocritamizamii y manieHTiB 3 'KC He3anexHO
Big HassHOCTI AT [39].

Y 0araToueHTpOBOMY JIOBIOTPUBAIOMY
npocnektuBHoMy nociimkenai HARVEST,
J10 sikoro yBidnum 1206 maiieHTiB BiKOM Bif
18 mo 45pokiB 3 Al 1 crazgii, BUBYaIM
MPOTHOCTHYHY 3HauuMicTh BAP AT y miei
koroptu mnauieHTiB. Ilepion crocrepexeHHs
ckiaB 15,4 + 7,4 pokis. [lamieHTiB BiIHOCHIIH
1o rpyrmu miasumeHoi BAP 3a pesynpratamu
obuucienns ingekcy SDw CAT, BogHouac
ingexkcu SD ta CV CAT ta JIAT Ttakox
BUBYAJHMCA Yy ULBOMY JOCHIKEHHi. 3a
pe3yinbTaTaMu  ILOTO  JIOCIi/PKEHHS  OyJio
BctaHoBieHo, 110 BAP CAT e He3aliexkHUM
¢dakropom CC pusuky y mamieHtis 3 Al 1
cTaaii — 4YacToTa KOPOHApHHX MOAiN Oyia
3HaYHO  BHWIOK  Cepel  MAIi€HTIB 3
nigsumenoro BAP (10,2 %) mnopiBHSIHO 3
namienTaMmu 3 Hwk4doro BAP AT (3,1 %)



(p <0,001). Arami3 oTpUMaHUX NaHHUX ITOKa-
3aB, mo A narientis 3 BAP CAT, Buioro
3a 12,8 MM pt. cT., CC pu3uk € OUIbIINM
Maibke BueTBepo (Ha 384 %), TOPIBHSAHO 3
nanienramMu 3 HK4or0 BAP CAT, 1 HaBiTh
3aCTOCYBaHHS BIIIOBIHOTO IIIKyBaHHS He
3MEHIIy€e CHTH i€l acomiarii [40].

Kopomxocmpoxosa eapiadensricmo
apmepianbHO20 MUCKY — HeGUPIULEeH
nUmMaHHs

Huzkoro KOCHiTHUKIB HATOJIOUIYETHCS, 110
KIIHIIMUCTH TIPUAISIOTh HEIOCTaTHRO YBard
MmimmuBocTi AT. Mix THM, 3 TOYKH 30py
3a3HaueHuX aBTopiB, BAP AT moxe OyTu
BRKJIUBOIO B SIKOCTI TEpameBTUYHOI I Yy
nauientiB 3 A" [41-44]. Brim, He3Baxar4n
Ha BCTAaHOBJCHHWHA 3B’SI30K MK KOPOTKO-
cTpokoBo0 BAP AT Tta cepueBo-CyAHHHUMU

MOMISIMH, 3aJUIIAETHCS  HE3PO3yMiIUM i
3HaueHHs B ouingi CC  pm3uky Ta
nporuo3yBanni  mepebiry Al [35, 45].

[TeBHOIO MipOIO IIe TIOB’S3aHO i3 TIOTaHOIO
BiJITBOPIOBAHICTIO KOPOTKOCTPOKOBOi BAP
AT. Pazom 3 TuUM, A0 LBOTO Hacy
3aJIMILIAETHCS] HE3 SICOBAHUM, UM ITiABHUIICHHS
BAP AT € mnpuumHoo abo HaciIKOM
TiMEePTEeH3UBHOTO  YIIKOJDKEHHS  OpraHiB-
MinieHel. Takok He iICHye KOHCEHCYCY II0JI0
TOTO, YW BapTO BBaXartH mifgsuineny BAP AT
OJTHOIO 3 TepaNeBTUYHUX I[UIeH Y TIAIlIEHTIB 3
AT [46]. VY  gOedkux  JOCHIIKEHHIX
amOynaropua BAP AT mnpomemoHcTpyBajia
JIIIEe TIOMIpHY 3HAYMMICTh y MPOTHO3yBaHHI
CEepILIeBO-CYIMHHUX TIOAIH, MiATBEPMKYIOUN
nepeBaxkHy poib cepeauboro piBHs AT Ta
nmoroctpokoBoi  BAP AT B sKocTti
NPEIUKTOPIB CEpPLEBO-CYIUHHUX YCKIIaJHEHb
[47-50]. 3a JTaHUMHU Kikuya M.,
amOymnaropua BAP AT nor’s3ana i3
YIIKOKEHHAM opraHiB-MillleHeH Ta
HecnpusTIumBAM Tepebirom Al, ame ii
3HAYYIIICTh Yy 3arajbHid OLIHII CcepLeBo-
CYOMHHOTO PH3HMKY ckiagae jume 1% i
menme [47]. Y gocmimkeHHi 3a  y4acTi
MAIEHTIB 3 XPOHIYHOIO XBOPOOOI HHUPOK
(XXH) Ta pi3HEM CcTylneHeM TOPYIICHHS
¢GyHKUiT HUPOK He OyJ0 BUSBIEHO JOKa3iB
npsMoro 3B’s3Ky amOymaropHoi BAP AT 3
pusukoM CC mofiif Ta cMEpTHOCTI B KOTOPTi
takux namientiB [48]. BoaHovac, pe3ysibratu
IHIIOTO  JIOCII/DKEHHS 13 3ay4YCHHSIM
namientiB 3 AI' Ta XXH mnokazanu, 1o y
xBopux Ha XXH amOynatopna BAP AT mae
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TicHi acoriarii 3 piBHeM AT Ta He Kopeoe 31
HMIBHIKICTIO Ki1yOoukoBoi ¢inbrpanii (LKD)
Ta CTYNEHEM MPOTeiHypii i, TAKUM YHHOM, HE
Ma€ TPOTHOCTHYHOTO  3HAYEHHS  MIOJAO
nporpecyBanns XXH [50].

BAP sxoro came tucky — CAT a6o AT —
€ KpaIuM ITPOTHOCTUYHIM MapKepOM, TaKOXK
3aJMIIA€THCS peaMeToM JUCKYCiH.
PesynpTatn MeTa-aHami3iB BKa3ylOTh Ha Te,
mo i BAP CAT, i BAP JIAT € He3ane:kHUMHU
(hakTOpaM¥ PU3HKY CEPILIEBO-CYANHHUX MOMIN
3 MaibDke OJHAKOBUMH  BiJHOUICHHSIMH
pu3uKy, ame 1iX He MOXXKHa BBaXaTu
B3a€MO3aMiHHIUMU [51].  HocnmimxeHHs
BKa3ywTh Ha Te, 1m0 BAP CAT mae OutbIn
TiCHY KOPEJISIIIi0 i3 PO3BUTKOM
HecnpusTuBux CC moniid y MaitOyTHEOMY y
MAIliEHTIB TOXWIOTO BiKy, Togi sik BAP JIAT
ACOIIIOETHCS 3 YPaXXKEHHSIM OpTraHiB-MimeHei
Ta PO3BHTKOM CeplEeBO-CYIUHHUX
yCKJIaTHEHb Yy Malli€HTIiB Mooaoro Biky [11].
HaitimoBipuime, minBumenuss BAP CAT
OB’ s3aHE HacaMIlepe]l i3 PUTIAHICTIO CYIHH
Ta cTapiHHsaM, a migsumieHHs BAP JIAT mae
iHmi  matodizioNoriyHi  MeXaHi3MH, [0
MpUKJIaNy, TOPYIIEHHs BereTaTHBHOT PyHKIIIT
3 MOCHWJICHOID CHUMIIATUYHOIO aKTUBHICTIO Ta
nuchyHKIE enaoTentito [52].

BUCHOBOK

TakuM YMHOM, BpaxOBYIOUM BHIICHA-
BEJICHE, MOXKHA CTBEPDKYBATH, ITiJBUIICHHS
BAP AT € 1oBegeHHM  HE3aJIEKHHUM
npeaukropom  CC  3aXBOpIOBAaHOCTI  Ta
CMEpPTHOCTI y marieHTiB 3 Al’, ane MexaHi3m
BBy BAP AT Ha ypaxkeHHS Oprasi
MmimeHeir Ta pos3Butok CC  yckiajHEHb
JIOCTEMEHHO HE BCTAaHOBJEHHUH 1 moTpedye
MOJAIBIIIOTO BUBYEHHS. Haiib6inbm
yxxuBanumu iHnexcamu BAP AT € SD, CV 1a
SDw, ane ¥ iHNOI 3ampoIOHOBaHi iHIEKCH
BAP AT, taki sk ARV, VIM, SV ta in.
BUKOPHUCTOBYIOTBCS npu BUBYEHHI
KOpoTKOCcTpoKoBOi BAP AT, x04a ocTaTo4HO
JIIarHOCTHUYHA Ta MPOTHOCTHYHA 3HAYYIIICTh
KOXKHOrO 3 HHMX B OmWiHII mepediry Al He
BCTaHOBJIEHA.  3a3HayeHe  OOIPYHTOBYE
NPOBENEHHS MOJANBIINX  JOCHIIKEHb 3
MOLTYKY HOBUX MeToAiB ouiHku BAP AT, sxi
0 Oynmu mo30aBiieHI HEJONIKIB ICHYIOYHX Ta
MOINIM O WIMPOKO BUKOPHCTOBYBATHUCS Y
MOBCSIKIACHHIN KJIIHIYHIA MPAKTHIII.
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MODERN ASPECTS OF SHORT-TERM BLOOD PRESSSURE VARIABILITY
IN ARTERIAL HYPERTENSION

Kanishcheva Olena

Abstract. Arterial hypertension is an important public health problem worldwide due to its high incidence
and associated risks of cardiovascular and renal diseases such as coronary heart disease, cerebrovascular
disease, chronic kidney disease. The level of blood pressure is the main indicator of hypertension treatment
effectiveness and leading cardiovascular risk factor.

Blood pressure is one of the most dynamic physiological parameters, which is characterized by continuous
and significant changes beat-to-beat, over 24 h, day-to-day, and visit-to-visit. Under physiological conditions,
these blood pressure variations are mostly represent a response to environmental stimulation aimed at
maintaining cardiovascular homeostasis. However, a persistent increase in the blood pressure variability may
be the result of pathological changes in the mechanisms of cardiovascular regulation, which leads to
alterations in cardiovascular system functioning with the subsequent development of cardiovascular diseases
and complications.

The phenomenon of blood pressure variability has been known for a long time. It was first described by
the English physiologist Stephen Gales in 1733, and its assessment in clinical conditions became possible at
the end of the 19th — beginning of the 20th century, after the invention of the sphygmomanometer and the
introduction of non-invasive blood pressure measurement using the Riva-Rocci and Korotkov methods.
Historically, blood pressure variability has been viewed as a random factor caused by measurement error,
which prevents accurate blood pressure measurement. Blood pressure variability was considered the so-called
«background noise», which was not given any importance and tried to overcome with the help of improving
monitoring. However, already at the end of the last century, the discussion of the clinical significance of this
indicator in patients with hypertension began.

The clinical significance and prognostic implications of blood pressure variability have been demonstrated
by a series of clinical and population-based studies conducted in recent years, in which elevated blood
pressure variability was associated with a higher risk of target organ damage, cardiovascular events,
cardiovascular and total mortality independently of blood pressure level.

The review presents modern concepts of blood pressure variability, its classification, and assessment
methods. The pathogenetic significance of short-term BP variability in patients with arterial hypertension is
reviewed, with a discussion of the available evidence regarding the significance of short-term blood pressure
variability in cardiovascular risk stratification.

KEY WORDS: short-term blood pressure variability, ambulatory blood pressure monitoring,
cardiovascular risk, hypertension
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