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Left ventricular remodeling in normotensive Wistar rats
exposed to intermittent hypoxia of different duration
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Intermittent hypoxia has been studied for many years as a promising non-pharmacological method of cardiovascular disease
prevention. Hypoxic effects are accompanied by structural and functional changes in the myocardium. There is a direct link
between the duration of hypoxic exposures and the severity of left ventricular myocardial remodeling. Arange of histochemical
markers of myocardial remodeling (cardiotrophin-1, titin, collagen type 1, annexin V) characterizing parenchymal-stromal
relationships in the myocardium has shown high informativeness and prognostic value.

The aim of the study was to examine cardiotrophin-1, titin, collagen type 1, annexin V and the morphofunctional state of the
left ventricle of the heart in experimental rats exposed to intermittent 15-day (IH15) and 60-day hypoxia (IH60).

Materials and methods. Intermittent hypoxia was modeled using 30 normotensive male Wistar rats, 7-8 months old, which
were randomly assigned to 3 experimental groups of 10 animals each: 1) INT — a control group — intact animals (196.3 +
6.8 g); 2) IH15 — 15-day hypoxia (205.6 £ 4.1 g); 3) IH60 — 60-day hypoxia (201.1 £ 5.5 g). The study compared the effects of
intermittent hypoxia of varying duration: 15-day and 60-day hypoxia. Experimental modeling of intermittent hypoxia of 2 terms
revealed a number of differences between the effects dependent on this factor duration through functional (blood pressure
measurement, echocardiography) and immunofluorescent studies.

Results. Blood pressure in rats of both groups was in the normotensive range, but an increase in systolic by 10 % and diastolic
by 19 % was found in IH60 group compared to IH15 group (p < 0.05). In IH15 group, there was a significant decrease in end-
diastolic dimension by 20 %, end-systolic dimension by 22 %, an increase in the thickness of left ventricular posterior wall by
44 % and interventricular septum by 33 % as well as left ventricular mass by 12 %, indicating concentric remodeling of the left
ventricle, the development of which was confirmed by a 76 % increase in relative wall thickness compared to that in the control
group (p < 0.05). Along with these changes, a decrease in end-diastolic volume by 47 %, end-systolic volume by 48 %, stroke
volume by 49 % and cardiac output by 50 % with preserved ejection fraction was revealed (p < 0.05). While the parameters of
IH60 rats were characterized by an increase in the thickness of interventricular septum by 33 % and left ventricular posterior
wall by 17 %, as well as left ventricle mass by 23 %, relative left ventricular wall thickness was 15 % higher than the control
value (p < 0.05). At the same time, diastolic volume was 9 % decreased and systolic volume was 24 % increased (p < 0.05).
Also, cardiac output was increased by 58 % compared to that in 15-day hypoxic rats with an 8 % decrease in ejection fraction
(p < 0.05). The concentrations of markers in IH60 group exceeded those in IH15, namely: cardiotrophin-1 by 39 %, titin by
70 %, collagen type 1 by 60 % and annexin V by 130 % (p < 0.05).

Conclusions. 15-day hypoxia forms concentric left ventricular hypertrophy according to echocardiography findings; the study
of marker profile of myocardial remodeling has revealed the development of moderate hypertrophy with increased resilient-
elastic properties and decreased intensity of cardiomyocyte death. Remodeling caused by 60-day hypoxia is characterized
by the eccentric pattern of changes with severe hypertrophy, significant fibrosis associated with apoptosis of cardiomyocytes.
Such morphofunctional state of the myocardium may indicate the initial stages of maladaptation, increasing the risk of heart
failure development.

PemoaenloBaHHSA AIBOTO LIAYHOUKA B HOPMOTEH3UBHMUX LUYPIB AiHii BicTap,
AKi 3a3HaAM iHTepMiTYIOUOi rinokcii pisHoi TpUBanoCTi

0. M. KonecHuk, M. 0. KonecHuk, O. B. laHueBa, M. |. IcaueHko

MepepuByacTy rinokcito BXe 6arato pokiB BUBHAOTb SIK NEPCNEKTUBHUIA METOA HEMEeAUKAMEHTO3HOI NPOMiNaKTMKM cepLeBo-
CYOMHHWX 3aXBOPOBaHb. [MOKCMYHI BMNIMBY CYyNPOBOMKYIOTLCS CTPYKTYPHO-(PYHKLIOHANBHUMI 3MiHaMu B Miokapgi. Busisunn
NPSIMWIA 3B’A30K MK TPMBAMICTIO MNOKCMYHUX EKCMO3MLIN | BUPAXEHICTIO peMOAENoBaHHA Miokapaa MiBOro LUMyHOYKa.
Bucoky iHpopMaTWBHICTb i MPOrHOCTMYHY LiHHICTb NOKa3aB KOMMIIEKC MCTOXIMIYHUX MapKepiB pemMogdertoBaHHa Miokapaa
(kapmioTpodiHy-1, TalTUHY, kKomareHy 1 TRy, aHekcuHy V), LLIO XxapaKkTepn3ye napeHxiMaTo3HO-CTPOMArbHi 38’53k1 B MiOKapAi.

MeTta po60THn — BUBYEHHSI MapKepiB KapaioTpodiHy-1, TalTuHy, konareHy 1 Tuny, aHekcuHy V Ta MopdodyHKUIOHANbHOMO
CTaHy NiBOro LUNYHOYKa CepLs B eKCnepuMEeHTanbHUX LLypiB Npu BNnuei nepepyvedactoi 15- (IH15) ta 60-geHHoi rinokcii (IH60).

Matepianu Ta Metoau. [ns MogentoBaHHs iHTEPMITYHOYOI rinokcii BukopucToByBanu 30 HOPMOTEH3MBHUX LLYpIB-CaMLiB
NiHii Bictap Bikom 7—8 micsiLiB, SIKMX BUNAAKOBAM YMHOM NOAINMIKM Ha 3 ekcriepuMeHTanbHi rpynu no 10 TBapuH Y KOXHIN:
INT — KOHTpOnbHa rpyna — iHTakTHi TBapuHu (196,3 + 6,8 r); IH15 — 15-go6osa rinokcis (205,6 + 4,1 r); IH60 — 60-geHHa
rinokcis (201,1 £ 5,5 r). MopiBHANK Hacnigky nepioanyHoi rinokcii pisHoi TpusanocTi (15- Ta 60-geHHOI). EkcnepumeHTansHe
MOZENBaHHA NepPepmBYacTOi MNOKCii 2 TEPMiHIB BUSIBUNO HU3KY BigMIHHOCTEN MiX edeKkTamu, WO 3anexarb Bif,
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TPWBANOCTI LibOro ¢haktopa, 3a 4ONOMOro (yHKLiOHaNbHKX (BUMipIOBaHHS apTepianbHoro TUCKy (AT), exokapaiorpadis) Ta
iMyHO(yOpeCLeHTHIUX AOCTIMKEHD.

Pesynbratu. AT y wypis 060x 4OCRIAHWX rpyn BiANOBiLaB HOPMOTEH3MBHOMY Jiana3oHy, BUSIBUNM 36iNbLLEHHS CUCTONIMHOMO
(Ha 10 %) i piacToniyHoro (Ha 19 %) Tucky B rpyni IH60 nopisHaAHO 3 IH15 (p < 0,05). Y rpyni IH15 3apeecTpysanu OCTOBIpHE
3MEHLLIeHHS KiHLeBOro diactoniyHoro po3mipy (Ha 20 %), KiHLIEBOrO CUCTOMIMHOTO Po3Mipy (Ha 22 %), 30iNbLUEHHS TOBLLUMHU
33HbOI CTiHKY MIBOTO LUNYHOUKA (Ha 44 %), MiKLLNYHOYKOBOI NepeTuHkM (Ha 33 %) Ta 36inbLUeHHs Macy NIBOro LUyHoYKa (Ha
12 %). Lle cBigunTb NPO KOHLEHTPUYHE PEMOLENNIOBAHHS MIBOTO LUYHOYKA, BUHUKHEHHS SIKOTO NiATBEPAXXEHE 36iNbLUeHHM
iHOEKCY BiAHOCHOI TOBLLMHW CTiHKV Ha 76 % MOPIBHAHO 3 KOHTPOMBLHO rpynoto (p < 0,05). Ha Tni Lmx 3MiH BUSIBUNW 3MEHLLEHHS
KiHLieBOro fjiacToniyHoro 06'emy (Ha 47 %), kiHLEeBOrO cucToniyHoro 06’emy (Ha 48 %), yoapHoro 06’emy (Ha 49 %) Ta cepLieBoro
Bukuay (Ha 50 %) 3i 36epexeHoro dpakuieto Bukuay (p < 0,05). Mokashukm wypis IH60 xapakTepusyBanucs 36inbLUEHHAM
MDKLLNYHOYKOBOT nepeTuHkn (Ha 33 %), 3aaHbOI CTiHKM NiBOro WiyHouKa (Ha 17 %) i 36inbLeHHAM MacK NiBOro LUyHouKa
cepust (Ha 23 %), a iHaeKe BiBHOCHOT TOBLUMHM CTiHKM NIBOTO LyHo4Ka ByB Ginblunm, Hix y koHTponi (Ha 15 %, p < 0,05).
BcTaHoBUNM 3HWXeEHHS KiHLEBOro aiactoniyHoro 06'emy Ha 9 %, L0 CynpoBOAXKYBaNoCh 36iMbLLIEHHSIM CUCTOMIYHOTO 06’eMy
Ha 24 % (p < 0,05). CepLieBuin BUKMA TaKoX 36iMbLLEHMI MOPIBHSHO 3 LLypaMu 3 15-AeHHOI0 rinoKkcieto Ha 58 % 3i 3HKEHHAM
dpakuii Bukugy Ha 8 % (p < 0,05). MokasHukmn KoHUeHTpaUii Mapkepis rpynv IHE0 nepesuwiyBamv IH15: kapaioTpodiH-1 — Ha
39 %, TanTuH — 70 %, konareH 1 Tuny — Ha 60 %, aHekcuH V — Ha 130 % (p < 0,05).

BucHoBku. 3a gaHnmu exokapgiorpadii, 15-aeHHa rinokcis (hopMye KOHLEHTPUYHY rinepTpodito NIBOro LWyHOYKa cepus,
MapKepHa XxapakTepuCTuKa PeMOAENIOBaHHA MioKapaa BUsSiBUMA PO3BUTOK MOMIPHOI rinepTpodii 3 NiABULLEHHAM NPYXHO-
€nacTUYHNX BMacTUBOCTEN | 3HWXKEHHS IHTEHCWMBHOCTI 3arnbeni kapaiomioumTi. PemogentoBaHHsi, cnpuunHeHe 60-4eHHO0
rinoKCi€t0, XapakTepu3yeTbCs EKCLIEHTPUYHOK CMIPSIMOBAHICTIO 3MiH i3 BUPaXeHO0 rinepTpodieto, 3Ha4HUM ¢hibpo3oM, Lo
acouinoBaHW 3 anonTo3oM KapaioMioumTie. Takuin MOPOGYHKLOHAmNBLHUIA CTaH Miokapda CBiAYUTL NPO NOYaTKOBI eTanu
AesafanTalii, Lo NigBMLLYOTL PU3KK CEPLIEBOI HEAOCTATHOCTI.

Intermittent hypoxia is studied as a promising method
of non-pharmacological prevention of cardiovascular
diseases. lts cardioprotective effect, that increases
myocardial resistance to acute and chronic ischemic
damage, ischemia-reperfusion, toxic effects and many
other influences is considered [1,2]. Hypoxic influences
are accompanied by structural and functional changes
in myocardium — its remodeling. The nature and severity
of this process depends on many parameters: exposure
time, oxygen concentration, gas-transport systems and
substrate-enzyme interactions [3].

The efficiency of hypoxic training is determined by
the pattern of myocardial remodeling, the degree of its
expression and the direction of cardiac geometry trans-
formations [4]. The complex of histochemical markers of
myocardial remodeling (cardiotrophin-1, titin, collagen
type 1, annexin V), quantitatively characterizing paren-
chymatous-stromal interrelations in myocardium, has
demonstrated high informative and prognostic value.
Cardiotrophin-1 provides the first line of myocardium
defense by promoting cell survival and proliferation, it
also possesses hemodynamic and endocrine properties.
At the same time, overexpression of this cytokine leads
to pathological hypertrophy, therefore it is considered as
a marker of cardiovascular diseases [5].

Fibrosis is an important component of remodeling; it
can develop because of extracellular space expansion
(reactive) and/or replacement of cells that died by apo-
ptosis (replacement fibrosis). The ratio of titin to type 1
collagen can be considered a prospective approach to
assessing the severity of fibrosis. Titin is a protein main-
taining sarcomere integrity by modeling passive tension,
changing its conformation, isoform balance, as well as
interacting with other myofilament components [6]. Phy-
siological role of collagen is to provide mechanical power
of myocardial matrix as well as the ability to transmit force
generated by cardiomyocytes. In pathological conditions,
its accumulation promotes differentiation and proliferation
of myofibroblasts, forming a “vicious circle” — increasing
collagen synthesis [7].

ISSN 2306-8027  http://pat.zsmu.edu.ua

The marker of molecular imaging of cardiomyocyte
apoptosis is annexin V due to its high affinity for phos-
phatidylserine [8]. High invasiveness of endomyocardial
biopsy limits wide use of this technique in patients. The
distinctive feature of the above-named markers is the
possibility to detect them in blood plasma, that makes
this method available for wide use in clinical practice.
Previous studies have shown a high correlation between
the plasma concentrations of the presented markers and
their expression in the myocardium.

For example, in a study by Asparuh Nikolov and
Nikola Popovski, collagen type 1 is considered as an
indicator of myocardial fibrosis and prognostic marker for
heart failure [9]. At the same time, experimental study on
hypoxia effect of different duration will allow to ascertain
the nature of morpho-structural and hemodynamic chang-
es directly in myocardium. Thus, the aim of the study was
to examine cardiotrophin-1, titin, collagen type 1, annexin
V and morphofunctional state of the left heart ventricle
in experimental rats exposed to intermittent 15-day and
60-day hypoxia.

Materials and methods

The study was conducted at the Laboratory of Experimen-
tal Pathophysiology (license 2CK2 YMK2 T6PB SG5N
SJLS4) in the Training Scientific Medical and Laboratory
Center with a vivarium at Zaporizhzhia State Medical
University (certificate of technical competence of the
Ministry of Health of Ukraine No. 033/18 dated December
25, 2018, valid until December 25, 2023).

Intermittent hypoxia was modeled using 30 normo-
tensive male Wistar rats, 7-8 months old, which were
randomly assigned to 3 experimental groups of 10 animals
each: 1) INT — a control group — intact animals (196.3 +
6.8 9); 2) IH15 - 15-day hypoxia (205.6 + 4.1 g); 3) IH60 —
60-day hypoxia (201.1 £ 5.5 g).

An experimental part of the study was carried out
in strict accordance with the national “General Ethical
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Principles of Animal Experiments” (Ukraine, 2001) aligned
with the provisions of the “European Convention for the
Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes” (Strasbourg, 1985), “Pro-
visions on the Use of Animals in Biomedical Research”
and the Directive of the European Parliament and the
Council of the European Union 2010/63/EU of September
22, 2010 on the protection of animals used for scientific
purposes [10].

The study compared the effects of intermittent hypoxia
of varying duration: 15-day and 60-day hypoxia [11-12].

Hypoxic training was carried outin a 1.0 m® ventilated
pressure chamber at an “altitude” of 6000 m measured
using an altimeter (pO, = 9.8 %). The animals were
placed in a pressure chamber daily from 10 am to 4 pm.
Hypoxic exposures were conducted in the following mode
(Table 1)[13,14].

To obtain correct blood pressure (BP) measurement
data using Blood Pressure Analysis System TM BP-2000
Series |l (Visitech Systems, USA), the rats underwent a
two-week adaptation to immobilizing protected tunnels.
The measurement was done using a tail-cuff technique
in total silence. The first measurement of BP was carried
out at the stage of group formation and then according
to the needs of the experiment, namely, in rats exposed
to intermittent hypoxia of IH15 group — on the 1%t and
15" day, and of group IH60 — on the 1t and 60" day.
After a series of BP measurements (at least 7-10 BP
readings with an interval of 1.5-2.0 minutes), mean BP
was calculated automatically by the device according
to the formula:

MBP = diastolic BP + 1/3 [systolic BP — diastolic BP].

The chest of the rats was shaved prior to cardiac
ultrasound examination. Telazol was chosen as an an-
esthetic agent (composition of 1 bottle: tiletamine hydro-
chloride — 250 mg, zolazepam hydrochloride — 250 mg),
which has no cardiodepressant effect. The study was
conducted in the position of the animal on its back with
the forelimbs fixed, as well as on the left side. A Vivid E9
scanner (GE Healthcare, USA) with a high-frequency
linear matrix transducer ML6-15-D (scanning frequency of
15 MHz) was used after applying an ultrasound gel. Car-
diohemodynamic parameters were calculated using the
“Rodent” package (GE Healthcare, USA), recommended
for small objects with a high heart rate. The correctness
of the ultrasound beam positioning perpendicularly to
the examined structures was verified using “anatomical”
M-mode. The short axis view of the left ventricle (LV) at
the level of papillary muscles enabled standard mea-
surements of the interventricular septum (IVS) and LV
posterior wall (LVPW) thickness, end-systolic (ESD) and
end-diastolic dimensions (EDD) and calculation of LV
ejection fraction (EF) and fractional shortening (FS). The
study was performed in the B-mode grey-scale imaging
in the parasternal and apical views.

The following parameters were calculated:

1. Left ventricular mass (g) = [0.8 x (1.04 x (IVSd +
+ LVIDd +LVPWd) x 3 — (LVIDd) x 3) + 0.14]/1000;

2. Diastolic volume (mL) = 1.047 x (LVIDd) % 3;

3. Systolic volume (mL) = 1.047 x (LVIDs) x 3;

4. Stroke volume (mL) = diastolic volume — systolic
volume;
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Table 1. Hypoxic exposure mode

Day - experiment m

1000
2000
3000
4000
5000
6000
7-15 7-60 6000

o g b~ W N -

5. Cardiac output (mL/min) = stroke volume x heart
rate, where IVS, LVID and LVPW are all in mm;

6. Relative wall thickness = 2 x LVPWd / LVIDd [15].

The parameters were averaged over three conse-
cutive measurements.

The animals were anesthetized before euthanasia
using thiopental (45 mg/kg body weight). The objects of
study were LV myocardium fragments of the experimental
animals. Serial sections were prepared from standardly
histologically fixed, paraplast-embedded material. The
immunoreactive material (IRM) concentrations (fluo-
rescence units / micrometer? (UifluM?)) to the markers
of remodeling were analyzed using immunofluorescent
detection following the manufacturer’s instructions.

To detect cardiotrophin-1 (CT), polyclonal goat anti-CT
antibodies (N-20): sc-20867 were used, type | collagen
(CL) — primary polyclonal goat anti-COL1A1 antibodies
(C-18): sc-8784, anexin V (AN) — goat polyclonal anti-An-
nexin V antibodies (R-20): sc-1929. FITC-conjugated
anti-goat mouse IgG secondary antibodies (sc-2356) were
used to the above-described markers. To study titin (TT),
primary mouse monoclonal anti-Titin (E-2): sc-271946
antibodies and FITC-conjugated anti-rabbit mouse 1gG
secondary antibodies (sc-2359) were used. All antibodies
manufactured by Santa Cruz Biotechnology, Inc. were
used at a 1:200 dilution.

To assess the severity of fibrosis degree in rats of
the experimental groups, the titin / collagen ratio was
calculated.

IRM in myocardial sections was quantified in the ultra-
violet excitation spectrum of 390 nm with a high-emission
38HE light filter (Carl Zeiss, Germany) using an Axio-
Imager-M2 microscope (Carl Zeiss, Germany) with the
AxioVision 40 V 4.8 software 2.0 (license No. 3005339).
When analyzing images in an interactive mode, zones
with statistically significant fluorescence were captured.
At least 100 visual fields in each series were subjected to
study. The files were then analyzed using ImageJ software
(National Institutes of Health, USA).

Statistical processing was performed using single-fac-
tor analysis of variance (ANOVA) in the program Statistica
(License No. JPZ8041382130ARCN10-J). All continuous
variables were tested for a normal distribution using the
Shapiro-Wilk’s W test. Continuous variables are present-
ed as mean + standard error mean or median (interquartile
range) if non-normally distributed. All normally distributed
parameters were compared using a one-way ANOVA,
followed, in case of significance, by a two-side Tukey
test for multiple comparisons. Differences in non-normally
distributed variables between groups were assessed by
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Table 2. Blood pressure in rats of experimental groups, M £ m

Dy SysoicBhmmig Dissolc 8P, mmiig Mean B, mmtg

Intact
IH15

IH60

1-day, 15-day and 60-day averages 115.0+1.8
1 1146112
15 1234 +2.1*
1 1132+ 1.1
60 135.1 £ 1.7

68.1+1.2 83.8+0.9
67.5+2.0 83.2+13
69.3+£1.9 87.3+1.4*
65.8+1.5 81.6+0.9
82.6 + 3.2+ 924 +3.5*

*: significant difference in the parameters of the experimental groups (p < 0.05) compared to the corresponding parameters of the control group; #: significant difference in IH60 parameters
(p < 0.05) compared to the corresponding IH15 parameters.

Table 3. Echocardiographic assessment of rats

Parameter, units of measurement e e o

EDD (LVIDd, mm)
ESD (LVIDs, mm)

IVS (IVSd, mm)
LVPW (LVPWd, mm)
EF, %

FS, %

HR, bpm

Relative wall thickness

Left ventricular mass, g

Diastolic volume, mL
Systolic volume, mL
Stroke volume, mL

Cardiac output, mL/min

1(6.0;6.1) 4.90 (4.6; 5.1)* 5.9 (5.6; 6.0)*
2(3.0;3.3) 25 (2.2;2.8) 3.4 (3.3; 3.4)
5(15;16) 2.0 (1.8;2.2) 2.0 (1.9; 2.4
18(1.7;1.9) 26 (2.3;2.7) 2.1 (1.9; 2.1)

84.0 (84.0; 84.0)
47.0 (46.3; 47.8)
478 (471; 483)

0,59 (0,57; 0,62)

84.5 (80.5; 89.0)
50.0 (46.5; 53.5)*
464 (437; 475)

1,04 (0,93; 1,11)*

77.5(75.3; 80.8)*
39.5 (38.0; 41.8)*
456 (435; 464)

0,68 (0,64; 0,74)

0.514 (0.497; 0.526) 0.575 (0.509; 0.674)* 0.631 (0.603; 0.657)*
0.232 (0.226; 0.238) 0.123 (0.104; 0.137)* 0.210 (0.186; 0.226)**
0.033 (0.029; 0.038) 0.017 (0.011; 0.023)* 0.041 (0.038; 0.041)*
0.199 (0.195; 0.203) 0.101 (0.091; 0.112)* 0.172 (0.144; 0.188)**

95.6 (93.8; 97.2)

475 (43.0; 51.2)*

75.1(67.1; 83.8)*

*: significant difference in the parameters of the experimental groups (p < 0.05) compared to the corresponding parameters of the control group; #: significant difference in IH60 parameters
(p < 0.05) compared to corresponding IH15 parameters.

Table 4. Concentration of markers, Uif/um?

parameter it Jtypoxin 15 Hypoxia 60

Cardiotrophin-1
Titin

Collagen type |
Annexin V
Titin/collagen ratio

0.09 (0.08; 0.10)
0.08 (0.07; 0.09)
0.09 (0.07; 0.11)
0.09 (0.08; 0.11)
0.85 0.91

0.10 (0.09; 0.13)*
0.09 (0.08; 0.11)* (
0.10 (0.08; 0.11) 0.15 (0.13; 0.18)*
0.08 (0.07; 0.09)* (

0.15 (0.14; 0.17)%
0.15 (0.13; 0.18)*

0.18 (0.14; 0.23)**
1.03

*: significant difference in the values of the experimental groups (p < 0.05) compared to the corresponding values of the control group; #: significant difference in IH60 values (p < 0.05)
compared to corresponding IH15 values.

Kruskal-Wallis test with post hoc Mann-Whitney test.
A two-sided p-value <0.05 was considered statistically
significant for all the tests.

Results

BP in rats of the experimental groups was in the normo-
tensive range for all measurements and no statistically
significant changes were found between intermediate
measurements (a concept of normotension was taken
from normal BP in rats [16]). But on days 15 and 60, signi-
ficant differences were revealed between the parameters,
namely, an increase in systolic BP by 9.5 % and diastolic
BP by 19.2 %, respectively, in IH60 group compared to
those in IH15 group (Table 2).

There were no baseline differences in the cardiac
morphofunctional parameters between the groups. In
IH15 group animals exposed to a 15-day course of inter-
mittent hypoxia, a significant decrease in EDD by 20%
and ESD by 22 % was detected (p < 0.05). At the same
time, an increase in the thickness of IVS by 33 % and
LVPW by 44 %, as well as LV mass by 12 % (p < 0.05)
was recorded. Such changes were accompanied by a
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decrease in diastolic and systolic volumes by 47 %, as well
as in stroke volume by 49 % and cardiac output by 50 %
(p<0.05). These data suggest the formation of concentric
LV remodeling, which was confirmed by an increase in
the LV relative wall thickness by 76 % compared to that
of the control group (p < 0.05).

In IH60 group rats after a 60-day course of intermittent
hypoxia, there was a relative increase in the size of the
LV cavities compared to those in IH15 group animals.
Meanwhile, the thickness of IVS was comparable, and
of LVPW was 19 % less (p < 0.05). Such changes also
affected LV relative wall thickness, which was only 15 %
greater and LV mass by 23 % than those in the control,
that taken together can demonstrate an eccentric direction
of changes (p < 0.05). There was a decrease in LV EF
by 8 % and LV FS by 16 % (p < 0.05) (Table 3, Fig. 1-3).

A visual analysis of the myocardium images of the
control rats has shown that IRM to CT-1, TT, and AN was
diffusely located solely in the cytoplasm of cardiomyocytes,
while CL was seen in the intercellular interstitium (Fig. 4).

An analysis of the CT concentration has revealed its
significant increase in both hypoxic groups by 11 % and
68 %, respectively, compared to thatin the control (Table 4).

Pathologia. Volume 20. No. 1, January — April 2023
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LVIDd
LVPWd
VSs
LVIDs
LVPWs

b d
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Fig. 1-3. Echocardiograms of experimental
group rats (1-INT, 2-IH15, 3-IH60). M-mode scan.
Parasternal position. Short axis view of the LV

at the level of the papillary muscles.

IVSd: LV end-diastolic interventricular septal
thickness;

LVIDd: LV end-diastolic internal dimension;

LVPWd: LV end-diastolic posterior wall thickness;
IVSs: LV end-systolic interventricular septal thickness;
LVIDs: LV internal diameter at end-systole;

LVPWs: LV systolic posterior wall thickness;

EF (Teich): ejection fraction calculated by Teichholz
formula;

% FS: percentage of the fractional shortening
calculated by Teichholz formula;

SV (Teich): stroke volume calculated by Teichholz
formula.
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Cardiotrophin-1
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Collagen | type

Annexin V
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— —

Fig. 4. Expression of remodeling markers in left ventricular myocardium. Indirect immunofluorescence reaction, magnification x630.

A study of titin has found a statistically significant
increase of its concentration in myocardium in both groups
of rats, by 15 % in IH15 rats, and by 101 % in IH60 group
(p < 0.05). CL concentration was significantly increased
by 53 % in IH60 group compared to that in IH15 rats
(p<0.05). Itis interesting to note that the AN concentration
was significantly decreased by 11 % in rats exposed to
short-term hypoxia compared to the control group, while
the increase in this value reached 102 % (p < 0.05) in
animals after long-term exposure.
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Discussion

Analysis of Echo results in animals of both groups gives
an insight into LV hypertrophy development. Meanwhile,
the increase in LV mass was accompanied by decreased
end-diastolic volume with increased end-systolic volume
in rats subjected to prolonged hypoxia. Cardiac output
improved in IH-60 rats compared to rats after short hypoxic
exposure. Interesting results similar to ours were shared
by FrantiSek Papousek et al., who found no changes in
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LV cavity diastolic diameter, but significant thickening of
the LV wall especially at 8000 m altitude [17].

The type of LV myocardial remodeling depends on
the ratio of its components: hypertrophy, fibrosis and
apoptosis. The analysis of marker profile indices revealed
differences between the types of remodeling in the experi-
mental rats, which was directly dependent on the duration
of hypoxic exposure.

The starting process developing in response to any
impact on the myocardium is hypertrophy, which can be
assessed by CT. According to the literature, CT should
be considered not only as a marker of hypertrophy, but
also as a complete gp130-mediated cardioprotector under
many influences, including reoxygenation [18], that would
explain the increase in its myocardial concentration in rats
of both experimental groups in our study.

A clinical study by M. O. Matokhniuk et al. has
revealed a correlation between plasma CT and LV
myocardial mass index in the patients with heart failure
[19]. The same result presented study by U. Polat et al.
can be used as a new biomarker and correlated with
standard markers of myocardial ischemia [20]. This may
have led to the decrease in ejection fraction in rats after
prolonged hypoxia.

Researchers E. Martinez-Martinez et al. suggest that
CT activates Gal-3, which in turn mediates proinflamma-
tory and profibrotic myocardial effects, and their mutual
increase determines a subgroup of higher cardiovascular
mortality risk among the patients with heart failure [21].
Thus, the increase in CT concentration in IH60 group
of rats should be considered not only as a degree of
hypertrophy severity but also as a probable stimulator of
fibrosis. While the team of A. Raso believes that increased
CT does not induce fibrosis but exhibits anti-apoptotic
properties via gp130/LIFR and intracellular PI3K/Akt and
p42/44-MAPK cascades [22]. The same effect was also
proved with the decrease of annexin V concentration in
IH15 rats, however the significant increase in apoptosis
in IH60 rats could refute this conclusion.

The next component of myocardial remodeling is
fibrosis, the severity of which is characterized by the level
CL. It has been proved that progression of fibrotic changes
aggravates cardiac dysfunction, impeding both systolic
and diastolic function, potentiating arrhythmogenesis and
increasing the probability of heart failure [23]. The prob-
lem of excessive fibrotic changes is not only in collagen
overproduction, but also in apoptosis defect, inability to
reverse transformation of myofibroblasts into fibroblasts
or both mechanisms [24,25].

A“vicious circle” can form — large amounts of fibrillar
collagens enhance differentiation and proliferation of
myofibroblasts, which is especially clearly seen in the
progression of remodeling [26]. Thus, the actual absence
of reliable changes of CL concentration in myocardium of
IH15 rats, in comparison with the control, and its signifi-
cant increase in IH60 fits in well with the “vicious circle”
described above, which is due to the duration of exposure.
CL also serves as a marker of activity of some substances,
correlating with their concentration.

An example is the revealed dependence of sodi-
um-glucose co-transporter 1 gene expression level
increase on collagen, atrial natriuretic peptide, brain
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natriuretic peptide, interleukin-18, connective tissue
growth factor expression in response to chronic pressure
overload and ischemia, which led to hypertrophy, fibrosis
and impaired myocardial contractility in mice [27], that
increases the risks of heart failure development in rats with
prolonged hypoxia in our study, and the mechanism of its
concentration increase is variable in IH60 rats.

In response to various hemodynamic demands,
myocardial remodeling can develop through modulation
of its stiffness by posttranslational modification of the TT
protein and changes in the ratio of its isoforms. Such
modulation of total myocardial stiffness affects cardiac
chamber walls, diastolic filling, and systolic pump function
due to autoregulation — Frank-Starling law [28].

The obtained results about the significant increase in
TT concentration in the experimental groups with the maxi-
mum concentration in IH60 are fully consistent with these
patterns. Modification of myocardial stiffness occurs in two
ways. The first is through oxidation and phosphorylation
of the TT protein itself. This is a fast, situational pathway
of passive elasticity control [29]. The second pathway is
realized by switching of two protein isoforms and is based
on lower stiffness of N2BA isoform compared to N2B and
their co-expression in the same sarcomere [30].

However, the concentrations of TT and CL should not
be evaluated in isolation, but it is worth to analyze the co-
efficient of their correlation. Probably, the 15-day hypoxic
influence contributes to the increase in the elasticity of
the matrix scaffold as an element of adaptation to new
conditions of functioning. Along with this, the increase in
TT concentration during prolonged exposure to IH60 is
a compensatory response to a significant increase in CL
in rats to improve the resilient-elastic properties of the
cardiac muscle.

Determination of AN content, a marker of cardiomy-
ocyte apoptosis, demonstrated a significant decrease in
its concentration at 15-day duration of hypoxic exposure,
which may be due to suppression of apoptosis by CT or
the effect of erythropoietin, a key transducer promoted
by hypoxia [31]. It is possible that such changes are
the result of anti-apoptotic activity of GRP78 recently
revealed in an ischemia-reperfusion model [32]. In case
of long-term hypoxia, there was found a 2-fold increase in
AN concentration compared to control, which is a sign of
death of a substantial number of cells and, possibly, the
onset of cardiac myogenic dilatation development [33].

Conclusions

Thus, 15-day and 60-day hypoxia simulate different
types of myocardial remodeling:

1. The model of 15-day hypoxia in normotensive
rats forms concentric left ventricular hypertrophy. This is
confirmed by the increase in left ventricle wall thickness
while its cavity size decreases, with no changes of ejection
fraction. These changes are accompanied with increased
levels of the hypertrophy marker cardiotrophin-1 and
titin, as well as decreased levels of the apoptosis marker
annexin V.

2. Remodeling induced by 60-day hypoxia is charac-
terized by eccentric orientation — progressive increase in
cavity volumes with thickened left ventricle walls and sig-
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nificantly decreased ejection fraction. The effect of long-
term hypoxia is accompanied with marked hypertrophy,
significant fibrosis, and apoptosis of cardiomyocytes. Such
morphofunctional state of the myocardium may indicate
the initial stages of maladaptation, increasing the risk of
heart failure development.
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MeTa po60TH — BU3HA4NTH BNMB KBEPLIETUHY HA NPEAVKTOPY HEQOCATHEHHS LiNbOBKX PIBHIB apTepianbHOro Tucky (AT) y
XBOPUX Ha apTepianbHy rinepteHasito (Al) Ta iwemiyHy xsopoby cepus (IXC).

Marepianu Ta metogu. O6ctexunu 120 xBopux Ha Al Il cTagii 2-3 cTyneHiB y noegHaHHi 3i ctabinbHoto IXC (66 xiHok i 54
YornoBiku). XBopux noginunu Ha 2 rpynu: | — 58 navjeHTis, siki, kpim 6asucHoi Tepanii (paminpun / amnoguniy), oTpuMmysanu
kBepLeTuH (KopBiTUH®); Il — 62 06CTEXEHNX, KOTPUM NPU3HAYMIIN TiflbKW aHTUTINEPTEH3NBHE NiKyBaHHsI. BraHayanm nokas-
HUKY LOBOBOrO MOHITOPUHTY AT, ninigHoro cnekTpa kposi, C-peakTMBHOIO NPOTEiHY, KOHLEHTPaLilo Monekyn aaresii (s-VCAM,
s-ICAM-1), piHi engoteniny-1 (ET-1), I1-1, I]1-6, TH®-a. CtatcTU4He OnpaLloBaHHs pe3ynbTarTiB 34iiCHIN, 3aCTOCYBaBLLN
nporpamu Minitab 21.0, StatPlus Pro 7.6.5, Wizard Pro, Jamovi, MedCalc.

Pesynkratu. BeraHoBumm, LWo pusnk HepocsarHeHHs LinboBoro pisHa CATao6 y rpyni 6asucHoro nikyaHHa Al (Il rpyna)
[OCTOBIpHO 3pocTae 3 nepesyLeHHsM piBHa XC JIMHLL >4,0 mmonk/n (y 3,6 pasa), 36inbLueHHsM piBHiB I[1-6 >7 Hr/imn (y
10 pasi), TH®-a >9 nr/mn (y 7 pasis), VCAM >1100 Hr/mn (y 2,4 pasa). Y rpyni oci6, siki [oAaTKOBO OTPUMYBanu KBEpLIETUH
(I rpyna), B pasi nigeuLLeHHs pisHs ET-1 >1,1 nr/mn 36inbLuyeTbeca pusnk HegocarHeHHst Linsosoro CATaob y 2,6 pasa, B I
rpyni —y 3,5 pasa wopo CATao6, y Il rpyni —y 8,6 pasa wopo AATA06. Y Il rpyni nigBuLLEeHHS koHUeHTpauii IN1-6 >7 Hr/mr
BIPOriAHO NiABYLLYBANO PU3MK BUHUKHEHHS apuTMiii (y 6 pasiB).

BucHoBKuW. Y pasi 3aCTOCyBaHHS KBEPLIETUHY BAAETLCSA AOCATTY LinboBuX 3Ha4YeHs CAT (8060BOro, AEHHOTO, HiYHoro) | AT
(3060BOrO, AEHHOTO, HIYHOTO) Y BipOriAHO GINbLLOI YaCTKV XBOPKX NOPIBHAHO 3 TUMM, KOMY MPU3HAYEHO NULLIE CTaHAAPTHY
aHTUrinepTeH3nBHY Tepanito. KBepLeTuH Mae eHaoTENoNpOTEKTUBHY Ait0, NPO WO CBiAYMTL AOCTOBIPHE 3HWXEHHS PIBHIB
morekyn aaresii cyamHHoro eHpotenito (s-VCAM), monekyn MikkniTuHHoT agresii | Tuny (s-ICAM-1), ET-1, 111, I1-6, TH®-a.
[lonaTkoBe BUKOPUCTaHHS KBEPLIETMHY Pa3oM 3i CTAHAAPTHOIO aHTUMNEPTEH3VBHOK Teparieto BipOriAHO 3MEHLLIYE PU3NK He-
[0CArHEHHs Linboswx piBHiB CAT706, [JATA06 | py3nK BUHMKHEHHS NOPYLLIEHb CEPLEBOrO PUTMY HaBiTb Ha (OOHI NiABULLEHHS
KOHLeHTpaLlii Npo3ananbHuX LIMTOKIHIB Ta iHLWKUX MapKepiB eHpoTenianbHoi ANCYHKLiT.

Reduction of the risk of failure to achieve blood pressure control
in patients with arterial hypertension and coronary heart disease: the role of quercetin

T. M. Solomenchuk, M. I. Prokosa, O. Yu. Klymkovych

Aim. Determine the effect of quercetin on predictors of not reaching target blood pressure (BP) levels in patients with arterial
hypertension (AH) and coronary heart disease (CHD).

Materials and methods. 120 patients with stable coronary heart disease and hypertension of the Il stage 2-3 degrees (66
women and 54 men) were examined. The patients were divided into 2 groups: Group | — 58 patients who, in addition to basic
therapy (ramipril/amlodipine), received quercetin (Corvitin®), Group Il — 62 patients who received only basic antihypertensive
therapy. The parameters of daily blood pressure monitoring, blood lipid spectrum, C-reactive protein, the concentration of
adhesion molecules (s-VCAM, s-ICAM-1), levels of endothelin-1 (ET-1), IL-1, IL-6, TNF-a were determined. Statistical processing
of materials was carried out using the following programs: Minitab 21.0, StatPlus Pro 7.6.5, Wizard Pro, Jamovi, MedCalc.

Results. We have established that the risk of not reaching the target level of daily SBP in the group of basic treatment of
hypertension (group Il) significantly increases with exceeding the level of LDL >4.0 mmol/l (by 3.6 times), an increase in the
level of IL-6 >7 ng/ml (by 10 times), an increase in the level of TNF-a >9 pg/ml (by 7 times), an increase in the level of VCAM
>1100 ng/ml (by 2.4 times). In the group of people who additionally took quercetin (group I), with an increase in the level of
ET-1>1.1 pg/ml, the risk of failure to reach the target SBP increases by 2.6 times, in the Il group — by 3.5 times toward to daily
SBP and 8.6 times — toward to daily DBP. We found out that an increase in the concentration of IL-6 >7 ng/mg significantly
increases the risk of arrhythmias by 6 times in group I1.

Conclusions. When quercetin is used, it is possible to achieve the target values of SBP (daily, daytime, nighttime) and DBP
(daily, daytime, nighttime) in a significantly higher proportion of patients compared with those who are prescribed only standard
antihypertensive therapy. Quercetin has an endothelial protective effect, as evidenced by a significant decrease in the levels
of vascular endothelial adhesion molecules (s-VCAM), type | intercellular adhesion molecules (s-ICAM-1), ET-1, IL-1, IL-6,
TNF-a. The additional use of quercetin against the background of standard antihypertensive therapy significantly reduces the
risk of failure to achieve the target levels of SBP, DBP and the risk of heart rhythm disturbances even against the background
of increased levels of proinflammatory cytokines and markers of endothelial dysfunction.
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HesBaxatoun Ha Te, WO 3AiCHEHO COTHI AOCniokeHb
i perynsapHo OHOBMIOKOTLCA KMiHIYHI pekoMeHgauii 3
nikyBaHHs apTepianbHoi rineptensii (Al) [1,3,12,14,16],
BiJKPUTOIO 3anuLLaeTbes npobnema MakcmarbsHO MOX-
JIMBOTO JOCArHEHHS Ta KOHTPOIIO LiifIbOBKX PiBHIB apTe-
pianbHoro Tucky (AT) nig BNIMBOM aHTUMNEPTEH3UBHOT
Tepanii. Came Lie € OCHOBHUM 3aBLaHHAM Ti NPU3HAYEHHS
ANSA 3HWKEHHS PU3NKY CEepLEeBO-CyOUHHUX YCKMaaHEHb
i cmepTHocTi [1,2,7], ocobnuBo B OCI0 i3 HaABUCOKUM
PU3MKOM, Y SIKUX AiarHOCTOBAHO iLLeMiuHy xBopoby cep-
usa (IXC). HaBiTb nomipHe 3HWKEHHSI cucTonivyHoro AT
(CAT) Ha 10 MM pr. cT. i/abo giactoniuHoro AT (JAT) Ha
5 MM pT. CT. CNpUSIE 3HMKEHHIO PU3NKY CMEPTHOCTI Bif
IXC Ta iHcynbTy Ha 22 % i 41 % BianosigHo [3,4,10,12].

3a paHuMK MiKHapoOHOro AOCHIOXEHHS, Y CBITI
maike 46,5 % ocib xeopitoTb Ha AT, i nunwe 33 % i3 Hux
KOHTPOMIOKOTh piBeHb AT Yy Mexax LifiboBUX 3HayeHb [1].
OcobnuBoi yBaru 3acnyroBytoTb JOCMILXEHHS 00
HEOOCArHEHHs1 He Tinbky ogicHoro AT, ane 1 nokasHu-
KiB f060Boro MoHiTopuHry AT, 3okpema gobosoro AT
(<130/80 mm pr. CT.), 3rigHO 3 pekomeHaaLismm €sponen-
CcbKoro ToBapwcTea kapgionoris (ESC) 2018 poky [17,20].

AKTVBHICTb CUCTEMHOTO 3ananeHHs, OKUCHWIA CTpec
Ta eHfgoTenianbHa ANCMYHKLISA, KPUTEPIAMU SKUX €
nipBuLeHHs piBHiB C-peaktusHoro npoteiny (CPI),
®HMM-a, I1-1 -6, — He3anexHW NOTYXHWI NPeanKTop
pu3mnky ycknaaHeHs IXC, 3okpeMa BHacnigok NoripLUeHHs
koHTponto AT [5,6,8—10,18]. OguH 3i LNAXiB 3MEHLEHHS
nposiBiB eHaoTenianbHOi AUCHYHKLIT — BUKOPUCTaHHS
KBEpLIETMHY B KOMMNEKCHOMY MikyBaHHi xBopyx Ha Al 3a
pesyrsraTtaMu HU3KW KMiHIYHUX OCTIiMKeHb, BiH NPUrHivye
OKWMCHEHHSI NINONPOTEIHIB HA3LKOI LLINbHOCTI, BUSIBISE
eHAoTeNIN-He3anexHWn Ba3oannaTaTopHun eqgexT,
NPU3BOANTL 10 3MEHLLEHHS HAKOMMYEHHS MOMNeKkyn ag-
resii Ta iHWKUX MapKepiB 3ananeHHs, XapakTepusyeTbes
3aXMCHO Aiieto Woao KoHCTUTYTMBHOI NO-cvHTa3m Ta
€HOOTenilo 3aranioM B YMOBax OKCWMZATUBHOTO CTPECY,
3anobirae OKCUAATMBHOMY NOLLKOKEHHIO Ta 3anarneHHHo
€HOOTENIOUNTIB, 3HWKYE arperawito TpPOMOOUMTIB TOLLIO.
Lle obrpyHTOBYE NepCreKTUBHICTb 3aCTOCYBaHHS KBEP-
LIETUHY B TepaneBTUYHMX Linsx y xsopux Ha Al ta IXC
[10,11,14,15,21].

Merta po6otu

Bu3HaunT BNNMB KBEPLIETUHY Ha NPeaVKTOpY HEQOCAT-
HEHHS LliNbOBUX PiBHIB apTepianbHOMo TUCKY Y XBOPWX Ha
apTepianbHy rinepTeH3ito Ta iemiyHy XxBopoby cepus.

Martepianu i meToAU AOCAIAKEHHA

O6ctexunu 120 xeopux Ha ATl |l cTagii 2-3 cTynens
Ta crabinsbHy IXC Bikom 35-79 pokiB (cepenHilt Bik
— 58,49 £ 2,3 poky), aki nepebyeanu Ha cTauioHap-
HOMY RiKyBaHHi B KapgionoriYyHoMy BiadineHHi nikapHi
Ceatoro lNaHTenenmoHa leplioro TepuTopianbHOro
menob’egHaHHs micTa JlbBoBa Ta/abo nepebysanu nig
CMOCTEPEXEHHAM Y NiKyBanbHO-AiarHOCTUYHOMY LIEHTPI
«CimeiiHnity (M. JTbBiB). Kputepii 3anyyeHHs B 4oCrimKeH-
HsA: giarHoctoBaHa Al |l cTagii 2-3 cTynens, crabinbHa
IXC (cTabinbHa cTeHokapais HanpyxeHHs |-l dyHkui-
oHarnbHoro knacy (®K) sa knacudikauieto KaHaacekol

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

OpwuriHaAbHI AOCAIAKEHHSA

acoujiavii kapgionoris, AudysHui kapaiocknepos) [13,14],
Bik <80 pokiB. PaHaomisaLjto nawjieHTiB 3aiicHnm nig vac
rocnitanisauii. Y JocnimkeHHs He 3anyyanu XBopwX i3
TOCTPYUM KOPOHAPHM CUHAPOMOM, TSHKKOK CTEHOKapAieto
IV ®K, nepeHeceHMM iHhapKTOM MioKapaa v iHCYETOM,
cumnToMaTu4Hoo Al TSXKKOIO CepLIeBO0 HeOCTaTHICTIO
116-11l cTapji Ta/abo IlI-1V ®K 3a NYHA, 3ananbHumu Ta
[lereHepaTVBHUMM 3aXBOPHOBAHHSAMM, MEYIHKOBOK Ta
HUPKOBOK HEAOCTATHICTHO, OHKOMOMYHUMM, EHAOKPUHHM-
MM, aBTOIMYHHUMU 1 IH(DEKLIHUMI 3aXBOPIOBAHHAMM, a
TaKoX ocib, ki BigMoBUNWUCL BpaTi y4acTb Y AOCTIKEHHI.

MMauieHTiB noginunu Ha agi rpynu. Y | rpyny 3anyumnnum
58 xBopux, sk, KpiM CTaHOapTHOI Tepanii, oTpuMyBanu
kBepuetuH (KopBiTuH®), cepepHiii Bik — 58,37 + 12,36
poky; y Il — 62 ocobu, KOTPUM MPU3HAYMNK TiNbKW aH-
TUrinepTeH3nBHY (CTaHdapTHY) Tepanito: kombiHaLio
paminpun / amnoguniH B iHAMBIAYanbHO BU3HAYEHWX
fo3ax (5/5 mr/mr; 5/10 mr/mr; 10/5 mr/mr; 10/10 mr/mr), ce-
penHin Bik — 58,08 + 12,21 poky. KeepueTuH (KopBiTuH®)
npuaHavanu 3a cxemoto: 0,5 r po34rHEHOro nikapcbkoro
3acoby B 50 M i30TOHIYHOMO PO34MHY HATPIlO Xropuay B/B
[Bivi Ha f00y yepes 12 roguH npotarom 5 aHiB. Hapani
nauieHTam npuaHadvany KBepLeTuH per 0s no 40 Mr Tpudi
Ha fo0y (KBepTvH) BMpogoBx 12 TUXKHIB.

KniHiyHe JOoCnigpKeHHS 34iINCHUAN NiCNA PO3’ACHEHHS
naujeHTam OCHOBHMX eTaniB NiKyBaHHA Ta NignuCcaHHs
HUMK iHdhopmoBaHoi 3roan. BoHo nepepnbavano onu-
TYBaHHSA Ta 3aranbHOKMiHiYHe 0bCTexeHHs, foboBe
MoHiTopyBaHHst AT (OMAT) 3a gonomoroto npunagy BAT
41-2 («MKC-TexHo», YkpaiHa) 3 BU3HaYEHHSIM OCHOBHUX
NoKa3sHWKiB (cepeaHboa060BOr0, CepenHbOAEHHOTO, Ce-
penHboHiyHoro cuctonivHoro AT (CATpo6, CATa, CATH),
diactoniuHoro AT (OATgo6, OATga, OATH), gobosoro
iHoekcy (O] — cTyniHb HiYHOTO 3HWXKEHHS AT)), Lobose Mo-
HiTOpyBaHHs enekTpokapaiorpamu (EKI) 3a gonomoroto
NOPTaTUBHOIO AMHAMIYHOTO XONTEPIBCLKOMO 3-KaHarnb-
Horo EKI" npunagy CONTEC TLC 9803, Bu3HaveHHs!
OCHOBHUX MOKa3HUKIB NiNigHOro crnekTpa Kposi, 3ana-
NEHHs Ta eHgoTenianbHOT GyHKUIT. JTabopaTopHi gocni-
[DKEHHS 3MJMCHUNM B aKpeaUTOBaHil KIiHiko-BioXiMiuHii
nabopartopii nikapHi Cesitoro MaHTenemoHa MNepLuoro
TepuTopianbHoro Mego6'eaHaHHst MicTa JlbBoBa, kade-
Apax KniHiYHoi labopaTopHOi AjarHOCTWKW hakynbTeTy
nicnaaunIIoMHOI OCBITW, TOKCUKOMOTIYHOI i aHaNITUYHOI
Ximii JTbBiBCbKOrO HaLliOHaNbHOro MEANYHOTO YHiBEpCUTE-
Ty imeHi [laHuna Manuuskoro. JTinigHUA cnexkTp KpoBi BY-
3HauMNK hepMeHTHUM METOAOM Ha aHanisatopi ®I1-900
(PiHNaHAiA) 3 BUKOPUCTaHHAM peakTysiB Human; piBeHb
CPI - natekc-Typ60aMMETPUYHIM METOAOM Ha aHanisa-
Topi Gobas 6000 3 BuKopucTaHHsM TecT-cuctemmn Roche
Diagnostics (LLIBetiuapisi). IMyHOtbepMeHTHUM MeToLOM
BU3HAYMIM KOHLIEHTPALIIK0 PO34MHHUX (DOPM afre3vnBHUX
MOMEKYn eHAOTENiK0 CyaAnHHOI CTiHkM s-ICAM-1, sSVCAM
(Habip peaktusis Human s-ICAM-1 ELISA BMS201 Ta
Human sVCAM-1 ELISA BMS232, MedSystems GmbH,
AscTpis), ET-1 (Habip peakTtugis BI-20082H, Biomedica
Medizinprodukte GmbH, Asctpis), I/1-1, I]1-6, TNF-q, (Ha-
6ip peaktusis BMS810F, MedSystems GmbH, AscTpis).

O6CTeXeHHs 3aiiCHANK ABIYi: Nig Yac 3BepHeHHs abo
rocnitaniaauii Xeoporo Ta yepes 12 TUXHIB MikyBaHHS.

CraTtucTuyHe onpautoBaHHsA pe3ynbraTiB BUKOHam
3a gonomoroto nporpam Minitab 21.0, StatPlus Pro 7.6.5,
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Tabnuus 1. uHamika nabopaTopHuX NokasHWKIB y XBOpUX Ha Al

Moka3Huk,
OAMHULIA BUMiPIOBaHHS

INT1, vr/mn

1116, Hr/mn

TNF-a, nr/mn

CPI, mr/mn

ET-1, nr/mn

VCAM, Hr/mn
ICAM-1, Hr/mn

XC NNHLL, mmons/n

I rpyna (n = 58) Il rpyna (n = 62)

s (3% tgee  Jzwws i ]
5,34 +0,25 3,16 £ 0,20* 40,8 % 4,40 +0,24 4,03+0,20 8,4 %**

7,29 + 0,40 3,82 +0,29* 47,5 % 5,38 £ 0,34 4,67 £ 0,30 13,2 %**

7,71+0,27 6,16 £ 0,27* 20,1 % 6,28 £ 0,31 5,93 £ 0,29 5,5 %*

6,54 + 0,28 5,33 £ 0,29* 18,5 % 6,31+0,27 5,31+0,28 15,8 %*

2,54 £0,20 2,09 £0,14* 17,7 % 2,92+0,19 2,67+0,16 8,5 %*

1117,50 + 47,92 712,95 + 36,16* 36,2 % 977,83 + 44,67 851,51 + 38,17 12,9 %*

354,09 + 18,17 283,76 £ 12,13* 19,8 % 335,6 £ 19,36 281,59 + 14,61 16,0 %*

3,66 +0,12 2,63 £ 0,24* 28,1 % 3,44 £0,22 2,98 £ 0,90 13,3 %*

*1 Pi3HNLSA AMHAMIKVU NOKa3HWKIB Ha NoYaTKy i HanpukiHLi gocnimxeHHs y | Ta |l rpynax p < 0,05; #: pisHuus mix nokasHukamu | 1a Il rpyn p < 0,05.

Wizard Pro, Jamovi, MedCalc. HopmaneHicTs po3nogi-
Ny KinbKiCHUX O3HaK aHanisyBanu 3a [ONOMOroK TecTy
Wanipo—-Binka. [laHi onucoBoi CTaTUCTMKM HaBedEeHO
K cepenHe apudMeTUYHE Ta CTaHZAPTHE BiOXMMEHHS
(M £ SD) ans nokasHuKiB, LLO Mani HOpMarbHWIA po3no-
4in. NokasHuky y rpynax nopiBHIOBaNu, BUKOPUCTOBYHOMM
kputepii CTblogeHTa Ta MaHHa—BiTHI. [ins BUsBNEHHs
3B'A13KiB Mi>k hakTopamu 34iNCHUM KOPENSALIINHUIA aHanis,
3acTtocyBanu koediuieHT lMipcona (r). Onsa ouiHtoBaH-
HSl CUNM KOPENALIAHOTO 3B’A3KY BUKOPWUCTanM LUKany
Yeppoka: 38’30k cnabkuii — r = 0,10-0,29; nomipHuin —
r = 0,30-0,49; nomithun — r = 0,50-0,69; BUCOKWIA —
r=0,70-0,89; cunbHui —r = 0,9-1,0.

[nsa BU3HAYEHHS NPEAMKTOPIB HEQOCATHEHHS Li-
nboBoro CAT poboBoro 3actocyBanu meToq GiHapHoro
NOFCTUYHOTO perpecinHoro aHaniay. [na Bu3HaYeHHs
HEe3aneXxH1X NPeayKTOPIB YMHHMKK, IO Manu BiporigHe
MPOrHOCTUYHE 3HAYEHHS NPW yHIBapiaHTHOMY aHanisi, no-
KPOKOBO BKIMOYanu B MyrsTUBapiaHTHY Moaenb. Pesynb-
TaTW HaBeAeHo Sk BinHoLweHHs WwaHciB OR («odds ratio»)
Ta ixHi posipui iHTepBanu Cl («confidence interval»).
KpuTuuhi 3HaueHHs (cut-off value) KinbKicHWUX MokasHuKiB,
LLO BKMKYaIM A0 NOMICTUYHOTO PerpecinHoro aHaniay,
BU3Hayanm 3a gonomoroto ROC-aHanisy. CTaTuCTuyHi
TecTn ABOGIYHI, 3HaYyLLMM BBaXanu piBeHb p < 0,05.

[JocnigpxeHHs 3aiACHUNN, AOTPUMYIOUYMCh OCHOBHUX
6ioeTNYHNX NONOXeHb, MPOTOKON CXBaneHU KOMICIEto
3 6ioeTnky J1bBIBCLKOTO HaLioHaNbHOMO MEAUYHOTO YHi-
BepcuUTETY iMeHi [laHuna Manuubkoro (npoTtokon Ne 2 Big
25.02.2019 poky).

PesyAbTati

Cepeq navjeHTiB, siki 40AaTKOBO OTPUMYBany KBEPLIETUH
(I rpyna), uinboBux 3HaveHb CAT (006., 4., H.) i JAT (806.,
., H.) Yepes 12 TUXHIB NiKyBaHHS JOCArHYTO B BinbLuoi
kinbkocTi xBopux: CATA06 — 83,3 + 3,8 % (I rpyna) npotu
70,9 +4,2 % (Il rpyna), p < 0,05; OATHo6 — 83,8 £3,9 %
(I rpyna) npotu 72,1 + 3,6 % (Il rpyna), p < 0,05. Linso-
Boro CATa y | rpyni pocsirnm 86,6 + 3,7 % xsopux, y |l
—73,1£5,2% (p <0,05), uinbosoro JATA - 71,4 £5,3 %
(I rpyna) Ta 70,2 £ 5,5 % (Il rpyna), p < 0,05. Llinbosoro
3HaueHHst CATH y | rpyni gocsirnm 76,6 + 4,1 % oci6, y Il -
74,6 £4,1 %, p>0,05; OATH BignosigHo —y 85,7 £ 3,9 %
(1) npot 72,3 £ 4,8 % (II), p < 0,05.

Mepebir Al Ha Tni IXC, sk cBigyaTh pe3ynsrati HU3KM
JOCTimpKeHb, MOXe CYMpPOBOMKYBATUCh ICTOTHOK aKTW-
BaLliet0 CMCTEMHOrO 3ananexHs, Lo XapakTepuayeTbes
nigsuwenHam CPI, IJ1-1, IJ1-6, TH®-a, monekyn agresii
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CyauHHoro engotenito (s-VCAM), Monekyn MixXKIITUHHOT
apresii | Tuny (s-ICAM) Towo [12]. Tomy npoaHanisysa-
M 12-TUXHEBY AMHaMIKy PIBHS LMTOKIHIB — Mapkepis
eHgoTenianbHoT AMCKYHKLIT Ta CUCTEMHOTO 3anarneHHs
(mabn. 1). BctaHoBMMK, L0 y XBOPWX, SIKi 4OOATKOBO
oTpumyBanu ksepLeTuH (I rpyna), piseHb ICAM-1 gocto-
BipHO 3HM3mBCs Ha 19,8 % (p < 0,05) — 3 354,09 + 18,17
Hr/mn go 383,76 + 12,13 Hr/mn, a B rpyni cTaHAapTHOI
Tepanii (Il rpyna) cnoctepirany MeHL 3HavyLLe 3HUKEH-
Hs1 piBHs ICAM-1 — Ha 16,0 % (3 335,6 + 19,36 Hr/mn oo
281,59+ 14,61, p <0,05). AnHamika pisHst SVCAM y | rpynii
XBOPMX NoAiIOHa: 3apeeCTpyBany 3HMKEHHS NOKasHMKa Ha
17,9 % (31117,50 £ 47,92 00 916,95 + 36,16, p < 0,001) y
I rpyniTaHa 12,9 % (3977,83 £ 44,67 no 851,51 £ 38,17,
p < 0,001) y Il rpyni. PiBeHb 1]1-1 3HM3uBCS B 060X rpy-
nax xsopwx, ane B | rpyni Ha 13,4 % (3 5,34 + 0,25 po
4,62 10,20, p<0,005),y Il —Ha 8,4 % (34,40 £ 0,24 oo
4,03 £ 0,20, p < 0,05). PiBHi TH®-a Ta ET-1 gocToBipHO
3Hu3unmcs B rpyni keepueTuHy (1) Ha 20,1 % (37,71 10,27
[0 6,16 £ 0,27, p < 0,005) Ta 17,7 % (3 2,54 £ 0,20 po
2,09+0,14, p <0,005) BignosigHo. ¥ Il rpyni auHamika umux
NOKa3HWKIB BUSIBUMACh MEHLL 3HAYYLLIOK Ta HEQOCTOBIpP-
Hot0: piBeHb TH®-a 3meHwwmBces Ha 5,5 % (3 6,28 £ 0,31
805,93+0,29,p>0,05), ET-1-Ha 8,5% (32,921 0,19
fo 2,67 £ 0,16, p > 0,05). OuHamika pisHis CPI1 Ta 1]1-6
B rpynax JOCHiAXeHHs nogibHa.

AHani3 nokasHwKiB NinigHoro 06MiHy BUSIBUB Haiibinb-
Ly No3uTMBHY AuHamiky piBHs XC JTMHLL, skui y | rpyni
[OCTOBIpHO 3HM3nBCA Ha 28,1 % (p < 0,001), y Il rpyni mas
TiNbKW TEHAEHLIiI0 10 3MeHLLeHHs — Ha 13,3 % (p > 0,05).

3aincH1NM KopenaLiiH1iA aHania NokasHWKiB eHaoTe-
nianbHoi ANCKYHKLIT Ta CUCTEMHOTO 3ananeHHs y 383Ky
3 He[IOCSArHEHHAM LinboBUx 3Ha4yeHb CATA00 i JATA06.
Bussunu npsamuii BiporigHuiA KOPenALifiHNIA 3B8'A30K MiK
nokasHukamm HegocsarHenHs CAT o6 Ta I1-1 (r=+0,130;
p <0,05), TH®-a (r = +0,190; p < 0,05), CPI (r=+0,198;
p <0,05), I11-6 (r=+0,315; p <0,05) Ta ET-1 (r = +0,389;
p <0,05). Mix nokasHukamu HepocsrHeHHst JATno6 BeTa-
HOBMEHO NPAMUI, CEPEQHLOT CUNM KOPENSALLINHWIA 3B'A30K
i3 piBHem TNF-a (r = +0,348; p < 0,05) Ta KOHUEHTpaLjeto
ET-1 (r = +0,389; p < 0,05).

[1ns BU3HaYEHHS HE3aNEXHMX (haKTOPIB, LLO acoLlito-
I0TbCS 3 HEAOCATHEHHSIM LiiNbOBMX CepeaHbopob0BMX
pisHi CAT i JAT, nobynoBaHo MynsTvBapiaHTHY MOAENb
MOTICTUYHOI perpecii 3 MOKPOKOBUM BKMIOYEHHSM na-
6opatopHux nokasHukis i gaHux AMAT. B o6ox rpynax
npoaHanidyBany CniBBiAHOLLEHHS PU3UKIB HEAOCATHEHHS]
LinboBux 3HaveHb CATao6 i AT o6 3anexHo Big okpe-
MUX HE3aNEeXHUX YUHHUKIB. Y rpyni 6a3MCHOrO NikyBaHHs!
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AT (Il rpyna) nepesuieHHs XC MMHL, >4,0 mmons/n
gocToBipHo (p < 0,05) 36inbluye pu3nK HELOCATHEH-
Hs Uinbosoro piBHa CATpo6 y 3,6 pasa (OR = 3,62,
Cl=0,13-3,93), o iCTOTHO BWLLE, HiX Y rPyMi NiKyBaHHS
kBepueTuHoM (I rpyna), Ae Taka 3anexHicTb He BUSIBINIEHA
(OR =0,10, Cl = 0,01-1,61); piBHs1 IJT-6 >7 Hr/mn —y 10
pasis (OR = 9,88, Cl = 0,39-12,10 (Il) npotn OR = 0,06,
Cl=0,03-1,32 (1)), 3pocTaHHs pisHst TH®-a >9 nr/mn —y
7 pasis (OR =7,03, Cl = 0,58-8,95 (Il) npotn OR = 1,12,
Cl = 0,22-3,71 (1)), piBs VCAM >1100 Hr/imn —y 2,4
pa3sa (OR = 2,36, Cl = 1,21-2,90) (ll) npotn OR = 0,34,
Cl=0,07-1,57 (1)) (ma6n. 2).

Y rpyni oci6, siki LoOaTKOBO OTPUMYBAINM KBEPLIETUH
(I rpyna), 3 nigsuweHHsam pisHa ET-1 >1,1 nr/mn xou i
peecTpyBanu 30inbLIEHHS PU3NKy HEAOCATHEHHS LLiNbo-
Boro CATzob y 2,6 pasa (OR =2,63, Cl=0,16-2,98), ane
BOHO BMSIBUMOCH JOCTOBIPHO HUXUMM, Hix Yy |l rpyni, oe
pu3nK HepocsarHeHHst Linbosoro CATao6 3poctaB y 3,5
pa3a (OR = 3,49, Cl = 0,37-3,86). LLlono HegocsrHeHHs
uinsosoro AT 06, Taky 3anexHictb ussunv nuwe y i
rpyni—y 8,6 pasa (OR = 8,56, Cl = 1,51-9,34) (mabn. 2).
Kpim Toro, B Il rpyni npu nigBuULLEHHI KoHUeHTpauii IJ1-6
>7 Hr/Mr BLUECTEPO 3POCTAE PUNK BUHWUKHEHHS apUTMIlA
(OR=5,95, Cl = 1,01-6,39) Ha BigMiHy Big navieHTiB, AKi
oTpumysanu keepuetuH (I rpyna— OR = 0,76, Cl = 0,22—
2,58, p <0,05) (puc. 1).

3aincHUnM MynsTUAAKTOPHUIA perpecinHniA aHania
YMHHWKIB PU3VKY BUHVKHEHHS apuTMiii y XBopux Ha Al i
cynyTHto IXC. B 060x rpynax BUSIBAIY 3HaYyLLMIA BNMNB
nigsuLeHunx pisHis 111-6 Ta ET-1 Ha pu3nK BUHUKHEHHS
apuTMiii, ane B rpyni KBEPLETUHY BCTAHOBUMW [AOCTO-
BiPHO MEHLLY MPOrHOCTUYHY MMOBIPHICTb BUHUKHEHHS
NopyLLEeHb cepLeBoro putmy (puc. 7).

BcTaHOBMEHO, WO HaBiTb NPW Malxe OOHAKOBMX
CepenHix PiBHAX LMX LIMTOKIHIB B rpynax nopiBHsHHS, Y |l
rpyni 3apeecTpyBanu y 6-8 pasis 6inbLLy KinbkicTb BUNag-
KiB @puUTMIA, Hix B rpyni ocib, siki 404aTKOBO OTPUMYBasu
ksepueTuH (I rpyna).

06roBopeHHA

3a pesynsratamMmu JOCNIMKEHHS, B IPyNi XBOPWX, SKi
[l00aTKoBO OTpuMyBanu keepuetuH (I rpyna), LinboBux
3HaveHb CAT i AT Ha 14 poby Bganocb Jocsartu B
GinbLUOI KiNbKOCTi XBOPMX MOPIBHSHO 3 FPYMNOK CTaHAApT-
Hoi Tepanii (Il). Lle MoXHa NOSICHUTW 30aTHICTIO LbOro
LIMTOMPOTEKTOPHOTO MiKapCbkoro 3acoby nokpallyBaTy
eHpoTenianbHy QYHKUIO WASXOM 3HWXEHHS PiBHIB
6inbLIOCTi 3 OCNIMKEHUX MapKepiB CUCTEMHOrO 3ana-
NEeHHs i eHgoTenianbHoi AncdyHKLUii Ta ixHiM BNMBoOM
Ha eHgoTeni CyavH.

LLloao mapkepis AMCDYHKLIT eHgoTenito, BUKOPUCTa-
HUX Y OOCRIMKEHHI, TO, 32 JaHUMU [EeSKMX aBTopiB, Y
KPOBOHOCHMX CyAHAX rinepTeH3VBHIUX TBAPWH (aopTi Ta
Me3eHTepianbHin apTepii), 0cobnmeo B iXHLOMY eHAoTe-
i, BUAABNEHO iCTOTHO niaBULLEHi piBHi Binka VCAM-1 Ta
IN-6 [16,19,23,24]. Y poboti DeSouza et al. nokasaHo
nigeuLeHHs pisHa sVCAM-1 y nrogein noxusoro Biky 3
HeyCKIaHEHO eceHLiianbHoto rinepTeHsieto [19]. 3men-
weHHs pieHa sVCAM-1, HaBnaku, cnoctepiranu nicns
3HWKEHHSA AT | JOCArHEHHS 0T LiifIbOBOrO PiBHA Ha Thi
aHTurinepTeH3uBHoI Tepanii. [ponoHytoTL 3acTocoByBaTH
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OpwuriHaAbHI AOCAIAKEHHSA

Ta6nuus 2. MpeaukTopy HeAOCSTHEHHS! LiiNboBOro cepeaHbono60Boro AT

| rpyna (n = 58) Il rpyna (n = 62)

y rpynax XBopux

Moka3Huk,

OAVHULSA BUMIPIOBaHHS _ 95 % Cl _ 95 % Cl
PU3MK HeAOCATHEHHA LinboBoro piBHA CATA06 (<130 mMm pr. cT.)

XC JINHLY, >4, mmonb/n 0,10 0,01-1,61 3,6 0,131-3,931
1n-1>0,8, Hr/mn 0,05 0,01-0,94 0,99 0,24-4,11
IN-6 >7, Hr/imn 0,66 0,14-3,0 9,88 0,39-12,10*
TH®-a >9, nr/mn 1,12 0,21-5,89 7,03 0,58-8,95*#
CPIM >5, mr/mn 0,37 0,03-3,95 1,01 0,17-6,03
ET-1>1,1, nr/mn 2,63 0,16-2,98 3,49 0,37-3,86*
VCAM >1100, Hr/mMn 0,34 0,07-1,57 2,36 1,21-2,90*#
ICAM >400, Hr/mn 0,10 0,01-1,61 0,94 0,18-4,93
PU3UK HeAOCATHEHHA LiAboBOrO piBHA AATA06 (<80 mm pT. CT.)

XC NNHLW >4, mmons/n 0,40 0,06-2,45 2,38 0,18-6,43*#
In-1>0,8, Hr/mn 0,29 0,03-2,75 1,54 0,10-23,49
IN-6>7, Hr/mn 0,20 0,03-1,32 1,33 0,13-13,34
TH®-0>9, nr/mn 1,76 0,22-3,71 0,25 0,02-2,49
CPM>5, mr/mn 0,58 0,03-8,76 1,17 0,12-10,93
ET-1, nr/mn 0,71 0,05-9,67 8,56 1,51-9,34*#
VCAM >1100, Hr/mn 1,19 0,23-6,09 0,67 0,08-5,54
ICAM >400, Hr/mn 0,40 0,06-2,45 0,65 0,06-6,64

*#

H#

*1 pi3HMLA AnHaMiku nokasHukiB y | Ta Il rpynax p < 0,05; #: pisHnus Mix nokasHukamu | Ta [l rpyn p < 0,05.

sVCAM-1 sk moxnusuii 6iomapkep eHpoTeniansbHoi
ancyHkuii B nauieHTiB 3 Al [22,24] nopsig 3 iHWUMK
umTtokiHamu (ET-1, CPI, 111-1, I11-6, TH®-a ToLwo) [6].

MpoaHanisyBany YHHVKV eHaoTeNianbHOT AMCHYHK-
Lii, WO MOXYTb CMPUYUHATU HEOOCATHEHHS LifbOBUX
3HauyeHb CAT i IAT HaBiTb Ha (POHi Cy4acHOro aHTurinep-
TEH3MBHOIO NiKyBaHHS, a TaKOX OL{IHUIN BNWB KBEpLIE-
TWHY Ha Ui hakTopy B NPOLIEC 12-TYXKHEBOIO NiKyBaHHS.
BcTaHoBunu, WO HanbinbLWWiA BNNUB Ha HEAOCATHEHHS
uinsooro CATA06 y xBopux Ha AT, siki OTpUMyBarnu CTaH-
[apTHy aHTurinepteHsusHy Tepanito (Il rpyna), umHsaTb
I11-6 >7 Hr/mn (36inbLUye pU3NK HEQOCATHEHHS LIiNbOBOMO
CATpob6 y 10 pasis), TH®-a >9 nr/mn (y 7 pasis), XC
JINHLL >4,0 mmonb/n (y 3,6 pasa), VCAM >1100 Hr/mn
(y 2,4 pasa). Y naujeHTiB | rpynu He BUSBUNK BipOrigHY
3aMNeXHICTb HeOOCArHEHHS LiNbOBKX MOKasHMKIB AT Big,
Ha3BaHMX (PaKTOPIB; Lie MOXe CBiAYMTU NPO 3H4aTHICTb
KBEPLETUHY YNHUTU eHOOTENIONPOTEKTUBHUIA BMNIIMB
HaBiTb NPV MiABWLLEHHI PIBHIB LIMTOKIHIB, O AoCNignny,
— MapKepiB CUCTEMHOTO 3ananeHHs W eHgoTenianbHoi
ANCAYHKLT.

Pesynbtatu gocnigxeHHsa BignoBigaloTb AaHUM
eKCNepUMEHTanbHUX i KNiHIYHMX JOCHImKeHb, Y AKUX
BUSIBUNW 30aTHICTb KBEPLIETUHY YMHUTU NPOTU3anansHy
Ta EHOOTENIONPOTEKTUBHY aKTUBHICTb, @ OTXKE 34aTHICTb
3HuxKyBaTu AT. Tak, y gocnimkenHi S. Egert et al. BuB4anm
BMVB KBEPLIETVHY Ha piBeHb AT, CTaH ninigHOro 0bmiHy,
MapKepu 3anarneHHs i OKCMAATUBHOTO CTPECY. YYaCHUKK
aocnipxeHHs — 93 ocobm Bikom 25-65 pokiB 3 03HaKaMu
meTaboniyHoro cuHapomy. Buseunu, Wwo npuiimaHHs
KBEPLIETUHY BNPOAOBX 6 TWXHIB CynpoBOAXYyBanocs
3HWKeHHAM AT y cepefHbOMY Ha 2,6 MM pT. CT. nopis-
HsIHO 3 nNnaue6o, a TakoX 3MEHLLEHHAM KOHLEeHTpauil
NPOAaTEPOreHHMX iNONPOTETHIB HU3LKOI LLINIbHOCTI. Takui
BMAMB CnocTepiranu i nig vac Haworo JOCHiMKeHHs. Y
focnimkeHHi K. H. Lee et al. ouiHioBanu BNvB kBepLETH-
Hy Ha kapaiomeTaboniyHi dhakTopu pu3nKy. Busieunu, wo
NPUAMaHHS! KBEPLIETUHY 3HAYHO 3HKYE KOHLIEHTpaLlit0
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3aranbHOro XornecTepuHy, MnonpoTeiHiB HU3bKOI LWinb-
HOCTi Ta cnpusie 3HwkeHHIo CAT i [JAT [25].

EkcrnepuMeHTanbHi 4OCTIMKEHHS OCTaHHIX POKIB No-
Kasanw: nig BnrMBoM BOAOPO34MHHOI (hOPMU KBEPLIETUHY
3MEHLLYETLCA YTBOPEHHS NENKOTPIEHIB BHACTIAOK Npu-
THIYEHHS CMHTE3y npo3sananbHux uuTokiHiB I11-16 i 111-8.
Lle cBigunTb Npo 1oro NnpoTusananbHi BnactueocTi [8,9].
£K i B HALLOMY JOCTAKEHHI, BCTAHOBUIM, LLIO KBEPLIETUH
CrpYsie CTATUCTUYHO 3HAYYLLIOMY 3HUXEHHIO piBHSA CAT i
3yMOBINIOE TEHAEHLIiO 40 3HWKEHHS JAT Lwnsxom nokpa-
LLeHHs eHgoTenianbHOT QYHKLT, NOCUNEHHS aKTUBHOCTI
enpoteniansbHoi NO-cuHTasn (eNOS). Bnnvs keepLeTuHy
Ha MOKA3HUKM XPOHIYHOTO CUCTEMHOTIO 3ananeHHs npu
cTabinbHin IXC Bueyanu B gocnimkenHi H. |. YekaniHoi
Ta CMiBaBT,, Y sike 3anyuunu 85 naujeHTis 3i cTabinbHo0
cTeHokapgieto (cpyHkuioHanbHuii knac I-1) i cepuesoto
HepocTartHicTio (0 cTagii). KoxxHomy nauieHToBi gocnia-
HOT rpynu, Kpim 6eTa-6nokartopis, CTaTuHIB Ta acnipuHy,
npu3Ha4MIu KBepLEeTVH y foboBii £o3i 120 Mr npoTsirom
2 micsauiB. BCTaHOBWIM 3HMKEHHA PiBHS Mpo3ananbHuX
megjatopis, sk-oT TH®-a, I11-1 ta 1J1-10 [15]. AsTOpK
3po6unn BUCHOBOK MPO 3HAYYLLUWIA NpOTU3ananbHUin
eghekT kBepLEeTUHY. [MoaiGHy NO3UTUBHY AMHAMIKY LyX Ta
iHLUMX LIMTOKIHIB Y XBOPUX, SiKi OTPUMYBanu KBEPLETWH,
crnocTepirany i B HaWoMy JOCHimKEHHI.

Pesynbraty, Wo ogepxany, CBigyaTb Npo nepcrnek-
TMBHICTb BOOCKOHANEHHs Cnoco6iB NPOrHo3yBaHHs pu3u-
Ky HegocsrHeHHs Linbosoro AT y NikoBaHUX 38 YUHHUMM
pekomeHaaLisiMv xBopyx Ha Al” Ta NoLyKy MPUYWH LibOro
SIBULLIA LUNSIXOM BUBYEHHS AVHAMIKW LIUTOKIHIB, MapKepiB
eHpoTenianbHoi ancdyHkuii. Lie 3abeaneunts nepcoHidi-
KOBaHWW Nigxig 4O BUKOPUCTAHHS eHO0TENIONPOTEKTUB-
HUX NpenapartiB, 30Kpema KBepLETUHY, Ans NONINWEHHS
KOHTpOIto AT i 3MEHLLEHHS YacTOTW CEpPLIEBO-CYANHHNX
YCKNaaHeHb.

BucHoBKU

1. BHacnigok 3acTocyBaHHS KBEPLETUHY BOAAETHCA
focsrat UinboBux 3HadeHb CAT (no6oBoro, aeHHoro,
HiyHoro) i AT (@o60BOro, AEHHOTO, HIYHOTO) Y BiPOTiAHO
6inbLLOi YaCTKM XBOPMX MOPIBHAHO 3 TUMU, KOMY NPU3Ha-
YEHO NULLIE CTAHAAPTHY aHTUMNEPTEH3VBHY Tepanito.

2. KBepLETVH YMHUTb EHAOTENIONPOTEKTUBHY Aito, LLIO
nigTBEpMAKEHa BipPOrigHUM 3HWXEHHAM PIBHIB MOnekyn
apresii cyauHHoro eHpoTenito (s-VCAM), Monekyn Mixkri-
TWHHOI agresii | Tuny (s-ICAM-1), ET-1, I]1-1, I1-6, TH®-a.

3. [lopaTkoBe BUKOPUCTaHHS KBEPLIETVHY Ha TNi CTaH-
[apTHOI aHTWriNepTeH3unBHOI Tepanii BiporigHoO 3MeHLLYye
PU3VK HeJOCSATHEHHS LinboBux pisHiB CATao6, AATao6
i pU3VK BUHUKHEHHS MOPYLLIEHb CEPLIEBOrO PUTMY HaBiTb
Ha (HOHI MiABULLEHHS PiBHIB Npo3ananbHUX LATOKIHIB i
MapkepiB eHgoTenianbHoi ancdyHkuii, ak-ot ET-1, 111-6,
TH®-a, sVCAM, XC JIMNHLL,.
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MeTa po60TH — OLiHMTY B3aEMO3B'I30K (DEPOKIHETUYHUX MOKA3HWKIB 3i CTAHOM KapZianbHOro PEMOLENOBaHHS Y XBOPUX Ha
iLuemivHy xBopoby cepus (IXC) 3anexHo Big cTyneHs 3anisogediuury.

Marepianu Ta metogu. Y gocnimkeHHs 3anyqunu 90 xBopux Ha IXC: cTabinbHy cTeHokapgito HanpyxeHHs |-l &K (35
YornoBikiB, 55 XiHOK, Bik — 69 (61; 72) pokiB). Ycix nawjieHTiB 3anexHo Big NokasHWKiB 0OMiHY 3anida Ta remorpamu noginunm
Ha YoTvpwm KnNiHivHi rpynu: | (n = 16) — xBopi 3 3anizogediumTHO aHemieto (3[A) nerkoro Ta cepeaHLOro CTyNeHs TSHKKOCTI;
Il (n = 15) — 3 abcontoTHUM nateHTHUM 3anisofediumtom (M), Il (n = 14) — i3 dyHKuioHanbHUM nateHTHUM 3[; y IV (rpyny
NOPIBHSAHHS, N = 45) 3anyunnu xBopux Ha IXC 6e3 nopyLueHb 0OmiHy 3anisa. OUiHUIM NOKa3HWKW KapgaianbHOro pemMoaernto-
BaHHs1, 0OMiHy 3anisa Ta iXHili B3aEMO3B'sI30K.

Pesynkratu. i yac aHanisy ctaHy )epokiHeTMKM ¥ XBOpMX Ha IXC BCTAHOBUMW 3HWKEHHS NOKa3HWKIB TPAHCMIOPTHOTO (CW-
poBaTKOBE 3ari30, HaCUYEHHs TpaHCepVHY 3ani3oMm) i TKAHWHHOTO pe3epBy (hepuUTHH) 3anisa Ha Ti 3pOCTaHHS 3aranbHoI
Ta NaTeHTHOI 3ani303B’A3yBarbHOI 30aTHOCTI CUPOBATKM 3anexHO Bif CTyneHst cuaeponeHii. Y xsopux 3 abcontotHum 3[4
MopiBHAHO 3 xBOpUMY Be3 nopyLueHb 0BMiHy 3anisa 3adikcyBanu AocToBipHO GinbLumin Ha 14,18 % poamip M4 (U = 2,0;
p < 0,05), BinbLwe B 1,7 pasa 3Ha4eHHs KOI JILW (U = 4,0; p < 0,05), 6inbLumii Ha 16 % IMM NI (U = 17,0; p < 0,05). Takox
Y XBOPWX i3 MOpYLUEHHAMM DEPOKIHETHKM cnocTepirany TeHaeHuito o 3binbwenns KOP N, KOO 1L, KCO N, KCI L,
MM J1LW, poamipy Ao, JMa, ML, TMLUMA nopisHsHO 3 nauieHTamm 6e3 cynyTHboro 3[. Y xBopux 3 abcontoTHum 3[] BcTaHoBMMM
B3a€EMO3B’A3KM MiX piBHeM epuTuHy | TMLLMg (r = +0,84; p < 0,05); C3i Mg (r =-0,73; p < 0,05); 333C Ta Ao (r = -0,78;
p < 0,05); natentHoto 33C i KCP JW (r = +0,71; p < 0,05). Y xBopwx i3 nateHTHUM 3[1 BUSIBUNW 3B'A3KMN NULLIE MiX piBHEM
HT3 Ta IMM JILL (r = +0,60; p < 0,05). Mpu dyHKUiOHaNbHOMY 3anizogediunTi Kopensauii Mix nokasHMkamu obMiHy 3anisa Ta
KapaianbHOro PEMOAENIOBAHHS HE BU3HAYMMN.

BucHoBKuM. IHTEHCMBHICTb NPOLIECIB KapaianbHOro peMogentoBaHHs y xBopux Ha IXC i 3anisogediumt 3pocTtae npsiMo nponop-
LINHO CTYNEeHI0 NporpecyBaHHs C1AEPONeHil; Le niATBEpAKEHO BiANOBIAHNMM KOPENALINHAMMY B3aEMO3B'I3Kamu.

The relationship between ferrokinetic parameters and the state of cardiac remodeling
in patients with coronary artery disease with concomitant iron deficiency

M. 0. Konovalova, N. S. Mykhailovska

The aim of the study: to assess the relationship between ferrokinetic parameters and the state of cardiac remodeling in
patients with coronary artery disease (CAD) depending on the stage of iron deficiency (ID).

Materials and methods. The study involved 90 patients with CAD: stable angina pectoris II-lll FC (35 men and 55 women,
age — 69 (61; 72) years). All patients were divided into 4 clinical groups depending on the parameters of iron metabolism
and hemogram: | (n = 16) — patients with absolute ID; Il (n = 15) — with latent ID; IIl (n = 14) — with functional ID; IV (n = 45)
— patients with CAD without iron metabolism disorders. The parameters of cardiac remodeling, iron metabolism and their
relationship were analyzed.

Results. During the analysis of ferrokinetic parameters, a decrease in transport (serum iron, transferrin saturation) and tissue
(ferritin) reserve of iron on the background of an increase in the total and latent iron-binding capacity depending on the stage of
sideropenia was established. At the same time, latent iron-binding capacity in patients with absolute ID was less by 43 % than
in patients with latent ID. Patients with latent ID demonstrated a significantly higher level of transferrin saturation by 59.9 %
than in the group of patients with CAD without concomitant ID. Patients with absolute ID, compared to patients without iron
metabolism disorders, demonstrated significantly higher size of RAd by 14.18 % (U = 2.0; p < 0.05); increase EDVI of LV in
1.7 times (U = 4.0; p < 0.05); higher value of LV Ml by 16 % (U = 17.0; p < 0.05). Also, patients with ferrokinetics disorders
demonstrated a tendency to increase LVIDd, EDV LV, ESV LV, ESVI, LV mass, Ao, RAd, RVd, IVSd compared to patients
without concomitant ID. For patients with absolute ID, it was established that there a relationship between the level of ferritin
and IVSd (r = +0.84; p < 0.05); serum iron and LAd (r = -0.73; p < 0.05); total iron-binding capacity and Ao (r =-0.78; p < 0.05);
latent iron-binding capacity and LVIDs (r = +0.71; p < 0.05). Patients with latent ID demonstrated relationships only between the
transferrin saturation and LV Ml (r = +0.60; p < 0.05). There were no statistically significant correlation relationships between
indicators of iron metabolism and cardiac remodeling in patients with CAD and functional ID.

Conclusions. The intensity of the processes of cardiac remodeling in patients with CAD and iron deficiency increases in direct
proportion to the degree of progression of sideropenia, what is confirmed by the relevant correlation relationships.
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Iwemivna xBopoba cepus (IXC) — Harnowwmpetia dop-
Ma CepLEeBO-CYAMHHUX 3aXBOPHOBAHb, LU0 € MPOBIAHOK
NPUYMHOK0 CcMepTHOCTI B YkpaiHi Ta cBiti [1]. 3a po3pa-
XyHkamm Caitooro 6aHky, B 2019 poui YkpaiHa nocigana
nepLle Micle 3a MOKa3HUKOM POKIB XWTTS, BTpPaYeHnX
yepes nepegyacHy CMepTb Bi CEpLEBO-CYANHHUX 3a-
XBOPHOBaHb [2].

Anxemito Ta AediumT 3anisa YacTo BUSIBNAIOTL Y naLi-
€HTiB 3 IXC i XxpoHiuHOI0 CepueBoto HegocTaTHicTio (XCH).
Y po3BMHEHKX KpaiHax NoLMpeHicTb AediuunTy 3anisa B
HaceneHHs konueaeTbes Big 10 % 0o 16 % 3anexHo Big
cTarTi, Biky Ta pacy [3]. MNowwupeHicTb 3anizogediumTHOT
aHeMii ctaHoBuTb Big 2,6 % 80 5,0 % [3]. MNMpuxoBaHwui
aediunT 3anisa B 4OPOCHOro HaceneHHs y kpaiHax €Bpo-
nu ctaHoBUTb 3040 %. OediunT 3anisa Bussumv y 43 %
NaLieHTIB i3 rOCTPUM KOPOHAPHUM CUHLAPOMOM | Maixe y
60 % xBopwx Ha IXC [4].

3ani3o Bigirpae NpoBiaHy ponb Yy TPaHCMNOPTYBaHHi
Ta BUKOPUCTaHHI KUCHIO, POCTY Ta nporicpepauii kniTuH, a
TaKoX y (PYHKLi MiTOXOHZPIl [5,6]. S3HWKEHHS piBHS CUPO-
BaTkoBoro 3ani3a (C3) npu IXC nos’s3aHe 3 nigsuLLeHnm
PU3NKOM CEepLIEBO-CYANHHOI CMEPTHOCTI Ta BUHUKHEHHS!
iHpapkTy miokapaa. CynyTHin 3anisogediunt (31) ic-
TOTHO 3HWXYE SIKICTb XUTTS, (DI3NYHY aKTUBHICTb Takux
nauieHTiB i 3a HasiBHOCTI aHeMii, | 6e3 Hel [7].

BignosigHo oo pekomeHpauin British Society of
Gastroenterology (BSG) 3 BeieHHs XBopux Ha 3anisoge-
diumTHy anemito 2021 p., Hakady MO3 Ykpainm Ne 709
Big 02.11.2015 poky, onTuManbHUM MapKkepom 3ani-
3o04eqiunTHOI aHemii € dheputuH [8,9]. Ane niaBuLLEHHS
dhepuTrHy sk rocTpodhasoBoro Binka nig vac 3anasnbHoro
npoLecy B opraHiami Moxe MackyBaTi AediuuT 3anisa
[4,8]. Tak, y xBopux Ha IXC npu BUHUKHEHHI XCH piBeHb
LIbOro MapKepa nigBuLLYeTLCS B yMOBAX XPOHIYHOIO 3a-
nanexHs, wo nepeuctye [10]. OTxe, BU3Ha4eHHs dhepu-
TUHY MOXe OyT1 HEAOCTaTHIM AN TOYHOTO Ta HaZiNHOro
OLHIOBaHHS CTaHy 3anisa Ans nauieHTis 3 IXC, ockinbku
BiH BifbVBaE Tinbku ioro 3anacu B opraiami. [ins spaxy-
BaHHS YTWUITI30BAHOrO 3aMi3a peKoMeHZ0BaHO J0AATKOBO
BUMIpIOBATK piBEHb HACWYEHHS TpaHCQEepUHy 3anisom
(HT3) [5,8]. OocnimkeHHs 06ox mMapkepiB Aae 3Mory
JeTanbHille npoaHaniayBaTu CTaH 3anisa B opraHiami
1 igeHTndikyBaTh NawjieHTiB 3 abCONTHUM NaTeHTHUM
abo yHKUioHanbHUM gediumtom 3anisa Ha i IXC [7].

Bizomo, wo abcontoTHuiA AediunT 3anisa Bu3Haua-
10Tb §K iCTOTHE 3HWKEHHS abo BiACYTHICTb 1oro 3anacis
y KICTKOBOMY MO3KyY, NeviHui Ta cenesiHui [7,11]. Bigno-
BigHO, DYHKLOHaNbHWA AediumT 3anisa BUHUKAE i Npu
HOpMarnbHOMY, / NPy NiABMLLEHOMY 3aranibHOMY 3anaci
3ani3a B OpraHiami, ane sike HeJOCTyMHe ANs NpoLeciB
eputponoesy [7,11].

CyyacHi gocnimkeHHs nokasanu 3B’s130K 3aXBOpIo-
BaHocTi, cmepTHocTi Big IXC Ta i rocTpux ycknagHeHb y
nauieHTiB 3 abcomtoTHUM i pyHKUioHanbHum 3 [12,13].
TaxkicTb po3nagis metabonisaMy 3anisa, Lo Nporpecye,
MoB’si3aHa 3 BULLMMM NMOKA3HWKAMM CMepTHOCTI [14].
HasgHicTb 3[1 BU3HAHO OAHI€0 3 NAaTOreHEeTUYHMX NaHOK
XCH Ta i nporpecysaHHs [15]. Y cyyacHnx dpyHaameH-
TanbHUX JOKYMEHTaX LLOAO AiarHOCTUKM M NiKyBaHHS
cepueBOoi HeJOCTaTHOCTI 3anizogediunTt Ta aHeMmis
Habynm ctatycy okpemoi komopbigHocTi [4,15]. Y naui-
€HTiB i3 XCH HaBiTb nerka hopma aHemii acouinosaHa 3
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MOripLLEHHSIM CUMMTOMIB, 3HKEHHSIM SIKOCTI XXWUTTS Ta BU-
XKMBAHOCTi, 0OMEXEHHAM (DYHKLIOHAINBHUX MOXITMBOCTE
i nigBULLEHHAM cbyHKUioHanbHoro knacy 3a NYHA [4,7].
Y pesynbtati HayKoBUX AOCRIOXEHb BCTAHOBMEHO, LLO
HaBiTb pyHKUioHanbHWIA 3[1 acouiioBaHmi 3i 3BinbLIeH-
HSIM PU3KKY 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B NaLiEHTIB
cTapLumx Bikosux rpyn i3 CH [16-18].

3a paHumm haxoBoi nitepatypy, y pasi BAHUKHEHHS!
3[ cnocTepiratoTs NOpyLIEHHSs rnobansHoi cUcToniYHoT
(pyHKUii NiBOTO LUMNYHOYKA Ta 3HUXEHHSI CKOPOTIIMBOIO
pesepBy Miokapaa [17-21]. JocnigxeHHs i3 3anyyeH-
HSIM nabopaTopHUX TBapWH Mokasanu, Lo NaTeHTHWUIA
3[] acouitoeTbCsa 3i CTPYKTYPHUMM 3MiHaMK B CepLi, Ski
BKMOYa0Tb AnnaTaLito NiBoro WiyHouKa 3 rinepTpodieto
MioKapZa, 3acTiliHi siBuLLa B NereHsx i kapaianbHui di-
6p0o3 [19,22,23]. Kpim Toro, ekcnepumeHTanbsHi Mogeni 3
i3onboBaHuM 3[] BUSIBUMY KapaioMeranito Ta NopyLUEHHs!
CckopoyyBanbHOI yHKLii Miokapaa [19,24].

YTO4HEHHS NOTpebyHoTb BiZOMOCTI LLOAO 0cobnMBOC-
Tel 3MiH CTPYKTYPHO-(PYHKLIIOHANBLHOMO CTaHy cepus y
xBopux Ha IXC 3anexHo Bif CTyneHs 3anisofediuunty ans
BUPOOGNeHHs iHAMBIAQYanisoBaHOro nigxody [0 BedeHHs
TaKUX NaLjieHTiB.

Merta po6otu

OUiHMTK B3aEMO3B’A30K (DEPOKIHETUYHUX NOKA3HUKIB
3i CTaHOM KapAianbHOro PeMOAENOBaHHS Y XBOPUX Ha
iluemiuHy xBopoOy cepus 3amnexHo Bif CTyneHs 3ani-
30aediunTy.

Marepianu i meToAM AOCAIAKEHHA

Y noggiiHe BigkpuTe AOCMIMKEHHS B NapanensbHuX rpynax
3anyumnv 90 xeopux Ha IXC: cTabinbHy cTeHokapgito Ha-
npyxeHHs [I-11l ®K (35 yonogikis, 55 xiHoK, Bik — 69 (61;
72) pokiB), siki nepebyBanu Ha cTauioHapHOMY NiKyBaHHi
B TepaneBTUYHOMY Ta Kap4ionoriYyHOMY BigdifieHHSAX
KHIM «Micbka nikapHs Ne 4» 3MP (M. 3anopixoks). Ycix
nauieHTiB 3aneXHO Bif NOKa3HWKiB 0OMiHy 3anisa Ta re-
MOrpamu MOZIUIKN Ha YoTUpPK KIiHivHi rpynu: | (n = 16)
— XBOPpi 3 3anisogediunTHoto aHeMieto (30A) nerkoro Ta
cepenHboro cTyneHs TsxkocTi; |l (n = 15) — 3 abecontoT-
Hum nateHtHum 3M0; 1l (n = 14) — 3 dyHKUioOHANbHUM
natentHum 3[; y IV (rpyny nopisHsHHS, N = 45) 3anyun-
v xeopux Ha IXC 6e3 nopyLieHb 06miHy 3anisa. Mpynu
XBOPMX 3iCTaBHi 3a CTaTTIO, BIKOM, XapakTepoM CynyTHiX
3aXBOPOBaHb.

3[A giarHocTyBanm Npu 3HWKEHHI PiBHS reMornobiHy
(Hb y BeHo3Hin kposi <130 r/n y vonosikis i <120 r/n'y
XIHOK), 3HVkeHHI piBHs C3 <8,8 HMonb/n, Npu piBHi e-
puTnHy <100 mkr/n, HT3 <20 %. Y uin rpyni 8 navjeHTis
manu 3[1A nerkoro CTyneHs TSHKKOCTi (piBeHb reMornobiHy
craHosus 110,5 (106,0; 114,5) r/n), 8 oci6 — nomipHoro
(piBEHb remornobiny — 87,0 (83,5; 92,5) r/n).

JlaTeHTHUI 3anisogediumT BepudikyBanm 3a Takumm
kpuTepiamu: Hb y BeHosHi kposi >130 r/n y Yonosikis,
>120 r/n y xiHok; piBeHb C3 <8,8 HMonb/1; piBeHb hepu-
TuHy <100 mkr/n, HT3 <20 % [10,25]. PyHkuioHanbHui 3]
piarHocTtyeanu, skwo Hb y BeHo3Hin kposi >130 r/n'y vo-
noikis, >120 r/n y xiHok, piBeHb C3 <8,8 Hmonb/n, BMiCT
deputnHy — B Mexax 100-299 mkr/n, HT3 <20 % [8].
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IXC Bepudpikyanm 3a pekomergauismn European
Society of Cardiology (ESC) 3 giarHoCTVKM Ta nikyBaHHs
XPOHIYHOro kopoHapHoro cuHgpomy 2019 p. Ta YMHHUM
YHI(HIKOBAHUM KMiHIYHAM NPOTOKOMOM MEPBUHHOI, BTO-
PUHHOI (cnevjani3oBaHoi) Ta TPETUHHOI (BMCOKOCTEL-
anisoBaHoi) MeauyHoi gonomMorn «CtabinbHa iemivyHa
xBopoba cepus» (Hakas MO3 Ne 2857 Big 23.12.2021
poky). HasBHiCTb Ta eTionorito CynyTHLOro aHeMiYHoro
CUHOPOMY BCTAHOBWNYW BIiAMOBIAHO A0 pPEeKOMeHAaLlin
British Society of Gastroenterology (BSG) 3 BegeHHst
XBOpWX Ha 3anisogediunTHy aHemito 2021 p., HakasiB
MOS3 Ykpainm Ne 709 Big 02.11.2015 poky Ta Ne 647 Bia
30.07.2010 poky 3a penakuieto Big 29.07.2016 poky. [ins
diarHocTvkv Ta Bepudikauii 30 BukopucTanu kpuTepii,
L0 afanToBaHi ANs NaLjieHTiB i3 3aXBOPIOBAHHSAMM cep-
LieBO-CyauHHoI cuctemm [8,10,25].

KpuTepii 3anyyeHHs B JOCMIQKEHHS — HAsIBHICTb
NMUCbMOBOI iIHG)OPMOBAHOI 3roau; Bik NoHag 18 pokis;
JiarHoctoBaHa 3anisofgediuuTHa aHemis abo naTeHTHUIA
3anizogediumt; BepudikosaHa IXC. Kputepii BUKNo4eHHS!
— BiAMOBA Bifl y4aCTi B AOCTIIKEHHi; AiarHOCTOBaHi B CTa-
LioHapi rocTpi KpoBOTEMi; AOKYMEHTOBAaHi KDOBOBTPATU B
aHaMHe3i BNpOJOBX NiB POKY; Tshkka aHeMis, Lo noTpebye
reMoTpaHcys3ii; reMoniTUYHI aHeMil; rino-, annacTuyHi
aHeMil; 3NOSKICHI NYXSIMHK, B TOMY YMCIi KDOBOTBOPHUX
opraHig; B12-chonieBoaediumnTHa aHeMis; napeHTepanb-
He BBeEHHS NpenaparTiB 3anisa TepMiHOM 40 3 MiCAUB;
XCH i3 ®B <40 % abo/i IV ®K 3a NYHA; XXH IlI-V cT;
rOCTPUN KOPOHAPHWIA CUMHAPOM; TEPMiIH MEHLIe HiX 3
MicsLi nicns nepeHeceHoro rocTporo iHgapkTy Miokapaa
Ta iHCYNbTY; iIMNNaHToBaHWi abo notpeba B iMnnaHTauii
€reKTPOKapAioCTUMYMATOPA; TSXKKI CyMyTHI 3aXBOPHOBaH-
HSl, WO CyNpOBOMXYBaNMUCb OPraHHOK HEOOCTATHICTIO;
TSHKKI MCUXOHEBPOSOTiYHI po3naau.

Mig yac poboTn fOTPUMYBaNMCL MOParbHO-ETUYHUX
HopM GioeTunku 3rigHo 3 npasunamu ICH/GCP, MenbciH-
CbKOI Aieknapaii npas ntoavHm (1964 p.), KoHseHLji Pagm
€Bponu 3 npas noaunHu i iomeanumhn (1997 p.), a Takox
YMHHUM 3aKOHOZABCTBOM YKpaiHu.

lMokasHukn 0bMiHy 3ani3a (beputuH, C3, 3aransHa
3ani3o3B’A3yBanbHa 3aatHicTb cuposatku (333C)) Bu-
3HAYMIU B KNiHiko-6ioximMiuHii nabopatopii HHML] «YHi-
BepcuTeTchbka KniHika» 3AMY. Ak 3Ha4eHHsT naTeHTHOI
3ani303B'A3yBanbHOI 34aTHOCTI CMPOBATKU (NaTeHTHa
33C) BctaHosunm pisHuLto pisHie 333C i C3. HacnyeHHs
TpaHCEPVHY 3ani30oM BU3HAUUNM 3a POPMYIIOH:

HT3 (%) = (C3 x 100) / 333C.

Ak pedepeHTHI BU3HaumMnu Taki 3Ha4yeHHs: de-
puTnH 28-365 Hr/mn, C3 8,8-29,9 Hmonb/n, 333C
45-76 mmonb/n, nateHtHa 33C 32,0-46,0 mmonb/n,
HT3 16,0-50,0 %.

[lns ouiHIoBaHHs1 0coBnmnBOCTEN KapaiaribHOro pemo-
JENOBaHHA BUKOPUCTANW YnbTPa3BYKOBUIA AiarHOCTUY-
HWUIA ckaHep MyLab 50X («eSaote», Itanis). MokasHuku
OLiHIOBanM BignoBiAHO 0O PEKOMEHAALIN 3 BUKOHAHHS
TpaHcTopakanbHoi exokapgiorpadii AMepVKaHCHKOro
TOBapucTBa 3 exokapgiorpadii (2019 p.).

CTatCTMYHe onpaLutoBaHHA AaHWX 34IACHUMK 3a
Zonomoroto nakety nporpam Statistica 13.0 (StatSoft Inc.,
CLUA, Ne niueHsii JPZ8041382130ARCN10-J). lNnotesy
LLOAO PO3MOAINY KiNbKICHUX NOKa3HWKIB Nepesipun 3a
ponomoroto kputepito LWanipo-Binka. Ockinbku BCi
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napameTpy He BignoBiganu HopManbHOMY PO3noAiny,
TO KiNbKiCHi O3HaKV HaBeAEeHO K MediaHa Ta MixkBap-
TunbHwia iHTepsan (Me; Q25-Q75), sikicHi — y BiacoTkax.
[na BM3HAYeHHs BigMIHHOCTEN MiX rpynamu 3acTocy-
Banu paHrosuin aHania Kpackena—-Bonica 3 HacTynHUMm
nonapHWM 3iCTaBneHHAM 3a gonomoroto U-kpuTepito
ManHa-BiTHi 3 nonpaBkoto BoHgeponi. Ans oujiHoBaH-
HS 3aMEXHOCTI MK MOKa3HWUKaMK KIiHIYHOT remorpamu,
06MiHy 3aniza Ta pemogentoBaHHs Miokapaa BUKOHanNM
KOpenauinHMA aHani3 i3 po3paxyHKoM KoedillieHTa Ko-
pensuii CnipmeHa. Pesynbtatv BBaXanu CTaTUCTUYHO
3HauyLwmm npu p < 0,05.

PesyAbTati

OuiHnnm remMaTonoriyHi Ta epOKIHETNYHI NMOKA3HUKM Y
XBopux Ha IXC, Bu3Hauunm ixHi ocobnmBoCTi 3anexHo
Bif CTyneHs 3anisogediumnty (mabn. 1).

Y xBopwix Ha IXC i3 cynyTHbOt0 3[A piBeHb remornobi-
HY, KINbKICTb €pUTPOLINTIB | KONIPHUIA NOKa3HUK JOCTOBIPHO
meHLwue Ha 28,0 % (U = 1,5; p <0,05), Ha 38,5 % (U =1,0;
p < 0,05) Ta Ha 19,0 % (U = 1,0; p < 0,05) BignosigHo,
HX y xBopux Ha IXC 6e3 osHak 3. Y xBopux Uiei rpynu
BUSIBUIK TaKOX BIpOrigHO Hkunid Ha 41 % piseHb C3
(U =15,5; p <0,05) i Hwkunit y 4,5 pasa piBeHb hepu-
THy (U =7,0; p < 0,05), Hix y nauieHTiB 6e3 nopyLueHHs
0bMmiHy 3aniza. 3a3Haunmo, WO piBEHb (HEPUTUHY Y
xBopwx i3 3[A [OCTOBIPHO HX4MIA HA B0 %, HiX Y rpyni
3 cbyHKuioHanbHUM nateHTHUM 3 (U = 9,0; p < 0,05) Ta
Ha 31,4 % MeHLue, Hix y rpyni 3 abCONTHUM NaTeHTHUM
30 (U =15,0; p <0,05). BusiBunu TeHaeHLito 0 BULLIOTO
piBHsa 333C, L0 BM3HAYae 3aranbHy AOCTYMHY KinbKiCTb
NOKYCIB 3B’A3yBaHHS 3ani3a B TpaHCepuHi, y XBOpUX i3
30A, Hix y xBopux 6e3 nopyLueHsb 0bmiHy 3anisa (U =1,0;
p=0,05). NatenTHa 333C, L0 XapaKTepu3ye NoTEeHLiiAHY
30aTHICTb CMPOBATKM KPOBI 3B’13yBaTK 3ani30, Y XBOPUX
i3 3[A B 2,06 pa3sa binbLua, HiX y XBOpux 6e3 nopyLueHb
06miHy 3anisa (U = 3,0; p < 0,05). Takox y XBOopyX i3 cynyT-
Hbot0 3[JA nopiBHAHO 3 xBOpKUMU Be3 NopyLLEHb 0BMIHY
3arisa 3acikcyBasnu BiporigHO Hk4MI y 2,3 pasa piBeHb
HT3 (U = 4,0; p < 0,05), wo Binbusae cniBBigHOWEHHS
KOHLIEHTpAL,i 3anisa B C1pOBATLi KPOBi 40 3arasibHOi
MOXITMBOCTi TpaHCEpUHy NepeHoCcUTH 3aniso.

Y xBopux 3 abcontotHum nateHTHUM 3[ piseHb C3
[OCTOBIPHO HK4WiA Ha 34 % nopiBHSHO 3 xBopyMK Be3
nopyLueHHst obmiHy 3anisa (U = 1,5; p < 0,05). Mopsig
i3 UMM, y Ui rpyni 3adikCyBanu BIiPOTiAHO HWKYMA Ha
62,1 % piBeHb HT3 (U =4,0; p < 0,05) i BuLLwiA Ha 35,0 %
pieHb nateHtHoi 33C (U = 11,0; p < 0,05), Hix y rpyni
xBopux Ha IXC 6e3 cynyTHboro 3. Kpim Toro, y nauieHTiB
3 abcontoTHMM nateHTHUM 3[1 BUSIBUNW TEHAEHLUo [0
3HWXEHOrO PiBHS (PepuTUHY MOPIBHAHO 3 XBOpUMU 6e3
nopyLueHb 0bmiHy 3anisa (U = 11,0; p=0,05). AHanorivny
0COoBNMBICTb BCTAHOBWIM B 0GCTEXEHNX i3 DYHKLiOHANb-
HUM nateHTHM 3[: JOCTOBIPHO HIKYMI Ha 52 Y% piBeHb
C3 (U =3,5; p<0,05) i meHwnit B 2,18 pasa piseHb HT3
(U =2,0; p <0,05), Hix y xBopunx 6e3 nopyLeHb 06MiHy
3anisa.

Hapani ans ouiHioBaHHs BNnNMBY cTaHy 06MiHy 3ani3a
Ha MOKa3HUKM KapdianbHOrO PEMOZESIOBAHHS Y XBOPUX
Ha IXC 3gificHunu ixHii aHania 3anexHo Bif CTyneHs
3anisogediunty (mabn. 2).
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Tabnuus 1. FfematonoriyHi Ta pepoKiHETUYHI NOKa3HKKK y XBOpUX Ha IXC

Moka3Huk,

OAUHULI BUMipIOBaHHA

Kinbkicte eputpoumTie, x10'%/n 2,65 (2,44; 3,70)

Hb, r/n 108,0 (86,0; 113,0) *
KN, og. 0,77 (0,72; 0,81)*
C3, Hmonb/n 6,70 (3,35; 8,90)*

®epuTuH, Hr/mn 60,5 (33,4; 70,3)"#"
333C, mmonb/n 88,00 (79,35; 95,70)
INatenTHa 33C, mmonb/n 77,60 (70,40; 89,10)*

HT3, % 10,82 (4,60; 17,46)*

4,16 (4,11; 4,30)
137,0 (128,0; 155,0)
0,95 (0,89; 1,01)
7,50 (3,30; 7,80)*
88,2 (47,1; 100,0)
62,10 (51,40; 68,20)
57,70 (49,40; 64,90)*
9,51 (7,14; 13,90)*

OpwuriHaAbHI AOCAIAKEHHSA

XBopi Ha IXC i3 cynyTHim 3[1 (n = 45)
30A (n = 16) AGconTHuA DyHKUiOHaNbHUN
nateHTHui 31 (n = 15) nateHTHui 30 (n = 14)

3,10 (2,97; 3,18)
134,0 (127,0; 139,0)
0,81(0,79; 0,81)
5,50 (2,75; 8,20)*
1514 (124,5; 275,2)
54,04 (46,80; 64,25)
44,65 (36,50; 59,50)
11,52 (6,32; 13,50)*

XBopi Ha IXC

6e3 cynyTHboro 3[] (n = 45)

4,31 (4,07; 4,60)
150,0 (143,0; 158,0)
0,95 (0,91; 1,00)
11,40 (11,05; 15,85)
273,3 (71,5, 325,3)
49,70 (46,65; 68,8)
37,55 (32,05; 52,95)
25,11 (20,88; 34,13)

*: BIpOTigHICTb Po30iXXHOCTE NOPIBHSHO 3 XBOpUMI Be3 nopyLueHb 0bmiHy 3anisa (p < 0,05); #: BiporigHICTb PO3BIKHOCTEI Mix XBOpUMM 3 aBCOMOTHUM | dyHKUioHanbHUM 3] (p < 0,05);
A BiporigHiCTb Po3biHOCTEN Mix XBOpUMM 3 abcontoTHUM i nateHTHUM 3 (p < 0,05).

Tabnuus 2. Moka3HWKKM kapaianbHOro peMoaentoBaHHs y xBopux Ha IXC 3anexHo Bif CTyneHs 3anisopediunty

MNMoka3HuK,
OZIMHULIi BUMiPIOBaHHA

30A

(n=16)
Ao, cm 2,85 (2,56; 3,03)
JiNg, cm 3,86 (3,69; 4,18)
KOP NUW, cm 5,23 (4,70; 5,61)

KOO ML, mn 145,1 (57,4; 182,0)
KAl mniv? 83,5 (63,4; 92,8)*
KCP 1L, cm 3,46 (3,15; 3,84)
KCO ML, mn 65,1 (42,5; 84,1)
KCI, ma/m2 33,70 (18,50; 44,30)
TMLUMA, cm 1,20 (1,03; 1,25)
T3CALLg, oM 1,1 (1,03; 1,15)

BTC MLl y. 0. 0,45 (0,44; 0,48)

MM JILL, r 244,0 (198,0; 320,0)
IMM JILL, /2 136,5 (127,0; 159,0)*

®B%, 3a CimncoHom 55,0 (52,0; 61,0)

CTNA, Mm pT. CT. 21,0 (14,5; 23,5)
Mg, cm 3,23 (3,12; 3,34)
MNg, cm 4,02 (3,70; 4,31)*

XBopi Ha IXC i3 cynyTHim 3[] (n = 45)

AGconkTHUIA
nateHTHuiA 3[
(n=15)

2,61(2,31; 2,88)
3,69 (3,49; 4,26)
4,98 (4,79; 5,11)
126,8 (114,6; 181,4)
69,7 (49,8; 88,4)
3,38 (2,88;3,72)
50,6 (36,3; 56,6)
31,95 (23,90; 52,90)
1,11 (1,03; 1,16)
1,03 (1,03; 1,12)
0,43 (0,38; 0,45)
238,0 (188,0; 269,5)
134,0 (108,0; 140,0)
55,0 (51,0; 58,0)
19,5 (17,0; 21,0)
2,73 (2,65; 2,88)
3,43 (3,23; 3,54)

®yHKUioHanbHUA
nateHTHu# 31
(n=14)

2,82 (2,52; 3,30)
3,84 (3,69; 4,07)
4,78 (4,21; 5,30)
133,3(73,2; 160,4)
73,9 (44,1;90,6)
3,23 (3,12; 3,30)
53,0 (32,8; 81,0)
33,30 (19,80; 55,90)
1,12 (1,07; 1,20)
1,10 (1,07; 1,20)
0,45 (0,45; 0,50)
236,0 (166,0; 270,0)
134,0 (109,0; 139,0)
52,0 (46,0; 60,0)
17,0 (17,0; 18,0)
2,78 (2,59; 3,28)
3,74 (3,56; 3,87)

XBopi Ha IXC
6e3 cynyTHboro 3[

(n =45)

2,75 (2,47; 3,06)
3,46 (3,45; 4,18)
4,98 (4,59; 5,02)
126,1 (102,1; 160,7)
49,2 (38,7, 72,1)
3,25 (2,73; 3,58)
42,1(30,5; 49,8)
23,80 (14,60; 26,90)
1,11 (1,03; 1,18)
1,03 (1,00; 1,05)
0,43 (0,39; 0,46)
229,0 (181,0; 271,5)
117,5 (94,5; 133,3)
55,0 (49,0; 60,0)
18,5 (17,0; 21,0)
2,65 (2,59; 3,25)
3,45 (3,27; 3,82)

*: BIpOrigHiCTb po36ixHOCTEl NOpiBHSIHO 3 XBopuMU 6e3 nopyLueHb 06MiHY 3aniaa (p < 0,05); Ao: po3mip aopTu Ha piBHi knanaHHoro KinbLs; AMa: nepeaHb0-3aaHii po3mip nisoro nepeacepas
B Aiactony; KAP: kiHLEeBO-AiacToni4yHmii poamip; KAO: kiHLeBO-aiacToniyHmii 06'eM; KA: kiHLeBO-aiacToniuHmii inaekc; KCP: KiHLeBo-cuCToNiYHMIA poamip; KCO: KiHLEBO-CUCTONIYHNI 06'eM;
KCI: KiHLeBO-cMCTONIYHNIA iHAekc; TMLLIMA: TOBLUMHA MIKLLMYHOYKOBOI NepeTuHKM B aiacTony; T3CALLIA: ToBLLMHA 3aaHbOI cTiHkM J1LL B giactony; BTC: BigHOCHa TOBLUWHA CTiHKW; MM ALLL:
maca Miokapaa nieoro LwnyHouka; IMM ALL: iHgekc macu miokapaa; ®B: dpakuis Bukuay; CTAA: cepedHili TUCK y nereHesii aptepii; MLLUA: po3mip npaBoro LwiyHouka y giactony; MMa:

nepeaHbO-3a4Hil PO3MIp NpaBoro nepeacepas B Aiactony.

Y xBopux i3 3[JA nopiBHAHO 3 xBopumu 6e3
nopyweHb 0bMiHy 3anisa 3adikcyBanu BiporigHo
6inbwwii Ha 14,18 % poamip npaBoro nepeacepas
(U =2,0; p <0,05); 6inbLwe B 1,7 pa3a 3HayeHHs KOI
JIW (U = 4,0; p < 0,05); 6inbwuit Ha 14 % IMM N
(U =17,0; p < 0,05). Y xBopux uiei rpynu BUSIBUIIM
TaKoX TeHaeHUito Ao 36inbwenHs KOP JW, KOO ML,
KCO N, KCI N, MM N, poamipy Ao, Mg, ML,
TMLUMA nopiBHAHO 3 nauieHTamm 6e3 cynyTHboro 3[.
Y XBOpPMX i3 MATEHTHUM i PyHKLIOHANbLHUM 3anisoge-
diunTOM CnocTepirany aHanoriyHy CnpsMOBaHICTb LUX
MOKa3HUKIB, L0 HE JOCAINA PIBHSA CTAaTUCTUYHOI 3HaYY-
LwocTi. He BUABUNM AOCTOBIPHI BiAMIHHOCTI MiX rpynamu
xBopux Ha IXC i3 pi3HuMm cTyneHeM 3anizogediumnTty 3a

®epuUTuH, Hr/mn

333C, mmonb/n

INatenTHa 33C,

MMonb/n

rs = +0,84; p < 0,05

rs =-0,78; p < 0,05

rs =+0,71; p < 0,05

7' N

rs =-0,73; p<0,05

TMLWNa, cm

KCP 1L, cm

C3, HMonb/n
NOKa3HUKaMu, L0 XapaKTepusyTb CprKTypHO-¢)yHK-

LioHanbHWI cTaH cepus. ®pakuis Bukuay BiporiaHo He
BigpisHANacs B yCix rpynax, CBiguuna npo nepeBaxHe
36epexeHHs cuctonivHoi cpyHkuii J1LW; y xBopux rpyn
JOCNiIXEeHHs NnepeBaxaB NepLwuii TMn AiacToniyHoi
ancayHkuii JILL (nopyLueHHs penakcaii).

Puc. 1. KopensuiitHi 38'3ku Mix nokasHukamm obMiHy 3arnisa Ta kapaianbHoro peMoaentoBaHHs
y xBopux Ha IXC i3 3[A.
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LLnsxom KopensiLinHOro aHanisy BCTaHOBUIM HU3KY
3B'A3KIB Mi>K MOKa3HMKaMu 0OMiHy 3aniaa Ta kapaianbHoro
pemopentoBaHHs y xBopux Ha IXC i cynyTHin pediuut
3anisa. Tak, y xsopux i3 30A (puc. 1) BU3Hayunm kope-
NSALAHI 3B’'A3KM MiX piBHEM (PEPUTUHY Ta TOBLLMHOO
MiXLLNYHOYKOBOI nepeTuHkmM (r = +0,84; p < 0,05); C3
i nonepeyHMM poamipom nisoro nepeacepas (r = -0,73;
p <0,05); 333C i nonepeyHum poamipom aoptw (r =-0,78;
p <0,05), nateHtHoto 33C i KiHLIEBMM CUCTONIHHUM PO3Mi-
pom niBoro wnyHouka (r = +0,71; p < 0,05). Lle cBipunThb
npo acouiauito NOKa3HWKIB PepoKIHETUKMA 3i CTPYKTYp-
HO-CPYHKLIIOHarNbHYMKM NapaMeTpamMu CepLis y XBOPUX Ha
IXC 3 abcontotHMM 3anisogediunTtom.

Y xBopux i3 nateHTHUM 3[] BUSBUM 3B’A3KM NULLE
mix piBHem HT3 Ta IMM JWW (r = +0,60; p < 0,05); ue
NiaTBEPOKYE KNiHiYHe 3HaveHHs HT3 sik mapkepa na-
TEHTHOro 3anisofediunty B npouecax kapgiansHoro
pemogentoBaHHs. 3ayBaxWMO, LLIO B rPyi XBOPUX i3 DYHK-
LioHanbHuM 3[] He BCTaHOBMIM JOCTOBIPHI KOPENsLLinHi
3B’A3KV MiXX NOKa3HWKaM¥ kapAiansHOro peMofentoBaHHs
1 0bMiHy 3anisa.

06roBopeHHA

Mig yac aHanisy NokasHWKiB (PepoKIHETUKM BCTAHOBUU
MOCTYNOBE 3HWXEHHS MOKA3HWKIB TPAHCMOPTHOrO Ta
TKaHWUHHOIO pe3epBy 3ari3a Ha TNi 3pOCTaHHSA 3aranbHoT
Ta NaTeHTHOI 3ani303B’A3yBanbHOI 3AaTHOCTi CUPOBATKM
3anexHo Bif CTyneHs cuaeponeHii. Tak, y xsopux Ha IXC
i3 cynyTHbot0 3[A BVSIBUNK BIPOriZHO MEHLLI 3HAYEHHS!
PiBHS hePUTHHY, CMPOBATKOBOrO 3ani3a Ta reMmornobiHo-
BOro (hoHAY MOPIBHSHO i 3 rpynamm 3 (yHKLIOHAbHUM,
nateHTHum 3[, i 6e3 Hboro. NateHTHa 333C y xBOpYX i3
30A B 2,06 pa3sa 6inbLua, Hix y navieHTiB 6e3 nopyLueHb
06miHy 3anisa (U = 3,0; p < 0,05). Y xBopwux i3 cynyTHbO0
3[A nopiBHaHO 3 nauieHTamn 6e3 nopylueHs obMiHy
3ar1i3a 3achikcyBasm TakoX BiporigHO MeHLMIA y 2,3 pasa
piseHb HT3 (U =4,0; p < 0,05).

Y xBopux 3 abcontotHum nateHTHum 3[ piBeHb C3
[OCTOBIPHO HUXYMIA Ha 34 % NopiBHSHO 3 NavieHTamu 6e3
nopyLLeHHs 06MiHy 3anisa (U = 1,5; p < 0,05). Y wiji rpyni
3adhikcyBanu TakoX BipOrigHO MeHLLWIA Ha 62,1 % piBeHb
HT3 (U=4,0; p <0,05)i 6inbLunit Ha 35 % piBeHb NaTeHT-
Hoi 33C (U = 11,0; p < 0,05), Hix y rpyni xBopux Ha IXC
6e3 cynyTHboro 3[1. AHanoriyHy 0CobnMBICTb BUSIBUAIN Y
XBOPUX i3 (PYHKLiOHaNbHUM naTeHTHUM 3[1: JOCTOBIPHO
HWK4KiA Ha 52 % piBeHb C3 (U = 3,5; p < 0,05) i meHwwn
y 2,18 pasa pieHb HT3 (U = 2,0; p < 0,05), HiX y XBOpUX
6e3 nopyLueHb 06MmiHy 3anisa. Lli pesynsratu 3biratotbes
3 Cy4yaCHUMM HAYKOBUMM AaHVUMM LWOAO 0cobnMBOCTEN
3MiH NOKa3HWUKIB (hepOKIHETUKM 3anexHo Bif CTyneHs
3anisogediumnty [25-27].

Bigomo, Wwo cucteMHui 3anisogediumnt Mae Hera-
TVBHWIA BMSIMB Ha CTaH Miokapaa, Lo MOB'S3aHMi i3 no-
TipLLEHHSIM CKOPOYYBaNbHOMO PE3EPBY, MPOTPECYBAHHSAM
CUCTOMIYHOT AMcayHKUIT [17], gunaTauieto Ta rinepTpo-
dhieto wnyHoukis [16,27,28). Ogepxanu BigomocTi LWoao
acouiauji nopywweHb 0OMiHy 3aniza Ta peMofentoBaHHS
nepeacepab HaBiTb npy 30epexeHHi dpakuii Bukuay ni-
BOrO LUNyHoYKa [28,29]. PesynraTy HaLoro AOCHimKeHHs
[OMOBHIOKOTH MiXXHApOAHi AaHi LLOAo 0cobnmBocTe pemMo-
[entoBaHHs cepLs Ha Tni cynyTHLOrO 3anisogediunTy. Tak,
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y XBopux 3 abconoTHUM 3anisoaedilmTom crnocTepiranu
[OCTOBIpHE 36iMbLUEHHS 00’EMHUX i NIHIHUX MOKa3HWKIB
cepus Ta BupaxkeHocTi rineptpodii JILL nopiBHsHO 3 xBO-
pumu 6e3 cynyTHsoro 3. MoaibHi TeHaeHLii cnocTepiranu
Y XBOPUX i3 yHKLIOHANBbHUM i nateHTHUM 31, ane BoHW
He AOCAMW PiBHSA CTATUCTUYHOI 3HAYYLLIOCTi.

Pesynkraty, Lo oTprMManu, MOXHa NOsiCHUTM Nporpe-
CyBaHHAIM NaTonoriyHMX NPOLEeCiB y MioKapi Ha KMiTUH-
HOMY piBHI Npyu 36iNbLUEHHI cTyneHs 3anisogediunTy. 3a
[aHnvy axoBoi nitepaTtypu, HasBHICTb 3anisonediuunTy
acovjiioBaHa 3 6e3nocepeaHiM NopyLIEHHSM hyHKLT kap-
LiOMIOLMTIB Y XBOPUX Ha CEPLIEBO-CYANHHY NaTonorito. Y
nocnipxerHi V. Melenovsky [30] BCTaHOBUMW 3HKEHWIA
BMICT 3a5i3a y TKaHUHaX MiBOro LUyHOuKa Npy cepLeBin
HeJoCTaTHOCTI He3anexHo Bif HasiBHOCTI aHeMil, Wwo
CYnpoBOAXYBaBCS 3MeHLEeHHAM ekcnpecii ADK-3a-
XUCHUX (hEPMEHTIB (kaTanasu, rmyTaTioHnepokcuaasm
Ta CynepoKCUMAANCMYTAa3u) i CMPUYMHANO 3aroCTPEHHS
MiTOXOHApIanbHoi AncdyHKuil. JediuunT 3aniza nos’asy-
10Tb i3 MOPPONOTYHUMK 3MIHAMU B MITOXOHAPISX, SK-OT
36iMbLUEHHSIM PO3Mipy Ta 3MeHLUEeHHAM KpucT [31], a
TaKoX i3 PyHKLOHANBHUMY NOPYLUEHHAMU: 3HKEHHSIM
npopyKyBaHHs: AT®, NOLLKOMKEHHAM MITOXOHAPIANbHOI
OHK, nocuneHHsm rmtokoHeoreHesy [32], 36inbLUeHHSM
BMPOOHMLTBA MOMOYHOI KMCMOTU [33], 3HUKEHHAM
MITOXOHApianbHoro GioreHesy [34]. Kpim MiToxoHapianb-
HOI AMCAYHKLUIT, ekcrepuMeHTanbHi Mogeni Miokapaa 3
3anisogediunTom nokasanu amiHeHui 0bmiH ioHiB Ca2+
3i 3pywweHHam y Gik rmikonitTuyHoro metaboniamy, Lo
NPOAYKYE MOMOYHY KUCMoTy [24].

Y HaLoMy AOCNIZKEHHI BUSIBUITI 3B’ 30K NMOKA3HWKIB
06MiHy 3ani3a 3i CTPYKTYPHO-ChYHKLOHANbHAM CTaHOM
cepus y xBopux Ha IXC, wo uinkom y3romkyeTbcs 3 Bi-
ZAomummn HaykoBumy Aanmmu. Chen Y. et al. [35] nig vac
JOCHimpKeHHs XBopyX i3 cynyTHimM 3[1 Ta 03HakaMu Kapai-
anbHoro pemoaentoBaHHs Ha Tni IXC BCcTaHOBWIYM Kopens-
LinHi 38's3km Mix IMM JLL i s3HauenHsmu 333C (r = +0,34;
p = 0,005), remornobiHy (r = -0,28; p = 0,026). Kpim Toro,
BUSBMIU HeraTusHi kopensuii mix IMM JILW i piBHsIMKM
CYpPOBATKOBOrO 3anisa, peputuHy. B gocnimxeHHi, sike
3pjvicHunu, susisunu: IMM J1LLU no3uTtmMBHO KOpenioBas i3
HaCWYeHHAM TpaHcdepuHy 3ani3oMm TirlbKu Y rpyni XBOPUX
i3 nateHTH1m 3[1. BTiM, BCTAHOBMIM HU3KY KOPENALiHNX
3B'5A3KIB Mix MOKa3HVIKaMyi KapAiaribHOro pemMofentoBaHHs
Ta hepokiHeTHKM y XBOpYX 3 abcontoTHM 3[0: Mix piBHEM
(hepuTMHY Ta TOBLLMHOIO MDKLLITYHOYKOBOI NEPETUHKM
(r=+0,84; p < 0,05); C3 i nonepe4H1M po3mipom NiBoro
nepeacepas (r = -0,73; p < 0,05); 333C i nonepeyHnm
poamipom aoptu (r = -0,78; p < 0,05), nateHtHoto 33C
i KIHLEeBMM CUCTOMIYHWUM PO3MIPOM MIiBOrO LUMYHOYKA
(r=+0,71; p<0,05). Lle ninTBEpOXYE HEraTUBHWIA BNNMB
abContoTHOrO Ta NaTeHTHOro 3anisoaediumTy Ha npoLecu
KapaianbHoro pemoaentoBaHHs. Y pasi hyHKLOHabHOro
NaTeHTHOro 3anisofediumnTy, WO XapaKTepu3yeTbes
36epexeHnM TKaHWHHWM 3anacoMm 3arnisa B opraHismi,
He BUSIBUMK KOpensiLii Mix nokasHWkamu oOMiHy 3anisa
1 kapaianbHOTO PEMOAENOBAHHSI.

BucHoBKHU

1. IHTEHCMBHICTb NPOLECIB KapaianbHOro pemMoaento-
BaHHS y XBopux Ha IXC i cynyTHin 3anisogediuunt 3poctae
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NPSIMO NPOMOPLIHO CTYNEHIO MPOrpecyBaHHs cuaepone-
Hii. Lle nigTBepmkeHo 36inbweHHAM 06’€MHMX i MiHIAHNX
noKasHuKiB cepus Ta BupaxeHocTi rinepTpodii JILLU
MOPIBHAHO 3 XBOPUMM Be3 CynyTHLOIO 3anisofediLmTy.

2.'Y xBopux Ha IXC i 3[JA BusiBinmM 3B°A30K YCix ¢he-
pOKiHETUYHMX noka3HukiB (C3, piBHA depuTuHy, 333C,
nateHTHoi 33C) 3i CTPYKTYPHO-YHKLIOHaNBHUMW napa-
MeTpamMu cepLs, a npu abComoTHOMY naTeHTHOMY 3ani-
304ediunTi NPOBIAHY POrb Y LIMX acouialisx BidirpatoTb
piBeHb (hepUTHHY Ta HACUYEHHS TPaHCdEPUHY 3ani3oM. Y
pasi yHKLiOHaNbHOMO NaTeHTHOro 3anisofediuuTty He
BU3HAYMNK Kopenswii MiX nokasHukamu obMiHy 3anisa
Ta KapaianbHoro peMoaerntoBaHHs.

lMepcnekTBM NoAanbLINX AOCHIAKEHb NONArAIOTL
Yy BMBHEHHI edpekTBHOCTI komnnekcHoi Tepanii IXC, wo
nepebira€ Ha Tni aHEMIYHOTO CUHAPOMY.
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Aim. The purpose of our work was to find out the clinical and prognostic role of changes in hemostasis parameters and
C-reactive protein (CRP) in the development of thrombotic complications in oxygen-dependent patients with coronavirus
disease (COVID-19).

Materials and methods. 211 oxygen-dependent patients with COVID-19 were examined. To assess the prognostic role
of changes in hemostasis parameters and CRP, patients were divided into groups: | group — 94 patients who recovered, Il
group — 117 patients who died. Subgroups: II-A subgroup — 35 patients with thrombotic complications and II-B subgroup — 82
patients without these complications. All patients were examined and received treatment according to the normative documents
in force at the relevant time.

Results. The frequency of thrombotic complications in oxygen-dependent patients with COVID-19 was 16.6 %, among which
the most common were pulmonary embolism (6.6 %), myocardial infarction (6.2 %), and ischemic stroke (3.2 %). Lifetime
diagnosis of thrombotic complications took place on the 181 [16.0; 24.0] day of iliness in 45.9 % of cases. Deathtime diagnosis
of thrombotic complications took place on the 24" [20.0; 28.0] day of illness in 54.1 % of cases. Lifetime pulmonary artery
thromboembolism was diagnosed less frequently than ischemic stroke (p = 0.002) and myocardial infarction (p = 0.02).

With the development of oxygen dependence and admission to the intensive care unit on the 9™ [8.0; 11.0] day of iliness, changes
in the hemostasis system were characterized as prothrombotic with an increase above the reference values of fibrinogen
and D-dimer in patients of all groups. CRP in patients with fatal outcomes of the disease, regardless of the development of
thrombotic complications, was higher (p < 0.05) than in patients who subsequently recovered, and was accordingly in patients
of the | group —67.65 [41.20; 139.95] mg/l, in the II-A group — 122.2 [61.2; 178.0] mg/l, and in patients of the II-B group — 109.8
[56.3; 180.0] mg/l.

In the dynamics of complex treatment after 5—7 days, the level of fibrinogen, D-dimer and CRP had a diagnostic value in
predicting the further development of thrombotic complications. With an increase in the level of fibrinogen >4.6 g/l (AUC = 0.600,
p = 0.042), D-dimer >2.1 ug/ml (AUC = 0.704, p = 0.001) and CRP >89.3 mg/l (AUC = 0.720, p < 0.001) the probability of
developing thrombotic complications was significant.

Conclusions. In dynamics of complex treatment of oxygen-dependent patients after 5-7 days, the levels of fibrinogen,
D-dimer and C-reactive protein had consistent diagnostic value in predicting further development of thrombotic complications.
Increased fibrinogen >4.6 g/l, D-dimer >2.1 ug/ml, and CRP >89.3 mg/l were important for predicting the risk of developing
thrombotic complications.

KAiHiko-nporHocTUYHa poAb 3MiH napamMeTpiB cMCTEMU remMocTasy
Ta C-peaKTMBHOI0 NPoTeiHy B PO3BUTKY TPOMOOTUUHUX YCKAQAHEHD
Y KHCHEBO3aAeXHUX XBOPUX Ha KOpoHaBipycHy xBopoby (COVID-19)

B. B. Yepkacbkui, 0. B. PA60KoHb, H0. H0. Pa6okoHb

MeTta po6oTu — 3'sicyBaTit KMiHIKO-NPOrHOCTUYHY Ponb 3MiH NapameTpiB remoctady Ta C-peaktusHoro npoteiny (CPI1) B
PO3BUTKY TPOMOOTUYHMX YCKIAAHEHD Y KUCHEBO3AmNEXHNX XBOPUX Ha KOPOHaBipycHy xBopoby (COVID-19).

Marepianu Ta metogu. ObcTexeHo 211 kncHeBosanexHWx xsopux Ha COVID-19. [1ns owiHOBaHHS NPOrHOCTUYHOI POni 3MiH
napamertpis remoctasy Ta CPI1 nawieHTis noginunu Ha rpynu: | — 94 xBopux, siki ogyxxanu; 1 — 117 oci6, siki nomepnu. Migrpynn
nauieHTis: [I-A — 35 xBopwx i3 TpoMGOTMYHUMY yeknaaHeHHsmK; 1I-B nigrpyna — 82 ocobu 6e3 Takux ycknagHeHb. Ycix XBopux
06CTEXWN, NPU3HAYUIN NKYBAHHS 3TAHO 3 YUHHUMMU Ha TO Yac HOPMaTUBHUMM JOKYMEHTaMM.

Pesynikrati. Yactota BUHUKHEHHS TPOMBOTUYHMX YCKNaaHeHb Y KucHeBo3anexHux xsopux Ha COVID-19 ctaHoswna 16,6 %.
Hanyacriwwi 3-nomix Hux — pomboembonis nereHesoi apTepii (6,6 %), iHbapkT Miokapaa (6,2 %), iLueMidHuiA iHeynsT (3,2 %).
MpwxunTTEBa AiarHOCTMKa TPOMBOTUYHUX YCKnaaHeHb Biabynacs Ha 18 [16,0; 24,0] aeHb xBopobu B 45,9 % Bunaakis. Mo-
CMepTHa AiarHoCTuKa TPOMBOTUYHMX yeknaaHeHb — Ha 24,0 [20,0; 28,0] aeHb xBopobu B 54,1 % Bunagakis. TpomboembGonito
NereHeBoi apTepii NPWKUTTEBO AiarHOCTYBany pigwe, Hix iemivnnia ineynst (p = 0,002) Ta iHdapkT miokapaa (p = 0,02).
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Y pa3i BUHWUKHEHHSI KUCHEBOI 3aNEXHOCTI Ta HAAXOMKEHHS! O peaHiMaviiHoro BigaineHHs Ha 9,0 [8,0; 11,0] noby xsopobu
3MiHM B CUCTEMI FEMOCTa3y XapaKTepu3yBanmucs ik pOTPOMBOTUYHI 3 NEPEBULLEHHAM pedepeHTHUX 3HaueHb GibpuHoreHy
Ta D-gumepy B nauieHTiB ycix rpyn. CPIy xBopux i3 netanbH1M HaChigkoM XBOPOOW He3anexHo Bif BUHUKHEHHSI TPOMOO-
TUYHUX YCKraaHeHb 6yB BULWMM (p < 0,05), HiX y XBOpWX, sIki Ha4ani oayKanu, Ta CTaHOBMB Yy XBopux | rpynu 67,65 [41,20;
139,95] mr/n, II-A rpynn — 122,2 [61,2; 178,0] mr/n, 1I-B rpynu — 109,8 [56,3; 180,0] mr/n.

Y OuHaMmiLi KOMNMeKCHOTO NikyBaHHS Yepes 5—7 Aib AiarHoCTUYHE 3HAYEHHS LLOAO NPOrHO3yBaHHS HACTYMHOMO BUHWUKHEHHS
TPOMOOTUYHUX yCKNagHEHb Manm piBeHb ibpuHoreHy, D-aumepy Ta CPI. Mpu nigsuieHHi piBHS dibpuHoreHy >4.6 r/n
(AUC = 0,600, p = 0,042), D-gumepy >2,1 mkr/mn (AUC = 0,704, p = 0,001) Ta CPIM >89,3 mr/n (AUC = 0,720, p < 0,001)

iMOBIPHICTb BUHWUKHEHHS! TDOMBOTUYHNX YCKNaAHEHb 3HAYyLLa.

BucHoBKM. Y OuHaMiLi KOMNIEKCHOTO NikyBaHHS KUCHEBO3ANEXHMUX XBOPUX Yepe3 5-7 aib AiarHoCTUMYHE 3HAYEHHs LWoado
MPOrHO3yBaHHS HACTYNHOMO BUHUKHEHHS TPOMBOTUYHMX YCKIaAHEHb MatOTh piBeHb GibprHoreHy, D-aumepy Ta C-peakTMBHOMO
npoteiny. [ins NporHo3yBaHHs PU3NKY BUHUKHEHHS! TPOMOOTUYHIX YCKNaAHEHb MatOTb 3HAYEHHS NiaBULLEHHS DibpUHOreHy

>4.6 r/n, D-gumepy >2,1 mkr/mn Ta CPI1>89,3 mr/n.

The new coronavirus disease (COVID-19), which started
it's journey in December 2019 from the Chinese province
of Wuhan, turned into a pandemic in a fairly short peri-
od of time and created an irrevocable challenge to the
global health care system [1]. Despite the polymorphism
of clinical manifestations, the calling card of COVID-19
there were rapidly progressive lesions of the lungs, which
led to the development of acute respiratory distress
syndrome, severe respiratory insufficiency and high
mortality [2,3]. The SARS-CoV-2 virus, due to its binding
to the receptor of angiotensin-converting enzyme type
2, penetrates into the goblet cells of the nasal mucosa
and alveolar pneumocytes of type Il, where it replicates
[3,4]. Itis believed that excessive inflammatory response
that arises as a result of this is the main reason for the
complicated course and the fatal outcome of COVID-19
[5,6]. An excessive inflammatory response during the
progression of the disease is accompanied by a signi-
ficant increase in C-reactive protein (CRP) level, which
is a known marker of systemic inflammation. Already at
the beginning of the study of this new disease, it was
found that the level of CRP can exceed the upper limits
of the norm by more than ten times and correlates with
severity of the course of COVID-19 and the frequency
of fatal consequences [7-9].

Today, the elucidation of the pathogenetic mecha-
nisms of the progression of the new coronavirus disease
continues, while attention is paid to the interrelationships
of immunoinflammatory reactions with changes in the
hemostasis system, which is the basis of the formation
of acute respiratory distress syndrome, multiple organ
insufficiency, and fatal thrombotic complications. It is
believed that a cascade of complex interrelated in-
flammatory reactions occurs through the activation of
complement, the release of cytokines, which leads to the
development of endothelial dysfunction, thrombotic mi-
croangiopathy, and pathological angiogenesis [10-12].
The currently known model of the pathogenesis of this
infection is being refined and supplemented. In particular,
the role of certain signs of antiphospholipid syndrome
and disseminated intravascular coagulation syndrome
is discussed [12-14].

As the main clinical manifestations of this disease
were studied, it became obvious that a unique tendency
to thrombus formation without further development of the
processes of generalized fibrinolysis is typical for its com-
plicated course [15-17]. Literature data show significant
discrepancies in the frequency of diagnosis of thrombotic

ISSN 2306-8027  http://pat.zsmu.edu.ua

complications in patients with the new coronavirus di-
sease, even when taking into account the severity of the
course. Thus, among patients with COVID-19 of light and
medium severity, venous thrombotic events are registered
with a frequency from 0.09 % to 8.00 %. Among intensive
care unit patients, the frequency of thrombotic events are
increasing, but the frequency of their diagnosis ranges
from 24 % to 85 % [18-20] even despite anticoagulant
therapy [10,21].

If according to most researchers, the spectrum of
thrombotic complications of COVID-19 includes pulmo-
nary embolism and deep vein thrombosis of the lower
extremities as dominant [22,23], then statistical data on
the frequency of ischemic strokes and arterial thrombo-
sis vary from 0.9 % to 5.6 % [24,25]. During research
of the pathogenetic mechanisms of the development of
thrombosis in COVID-19, the attention of researchers is
drawn to the abnormality of changes in the hemostasis
system at the progression of this disease. Changes in the
hemostasis system are characterized by high levels of
D-dimer, fibrinogen and fibrin breakdown products, longer
prothrombin time and activated partial thromboplastin
time, the development of thrombocytosis or thrombocy-
topenia [26-28].

In April 2020, the International Society of Thrombosis
and Hemostasis (ISTH) published interim guidelines for
the diagnosis and treatment of COVID-19-associated
coagulopathy [29]. This document focused on the strong
association between D-dimer levels >2.0 pg/ml and hospi-
tal mortality [29]. In fact, according to literary sources, high
values fibrinogen and D-dimer have a direct relationship
with a significant risk of developing systemic thrombosis
and death [30-32]. At the same time, the predictors of
the development of venous thrombotic complications
still remain insufficiently defined. A few researches draw
attention to the fact that only in the case of a combined
increase of CRP, as a marker of systemic inflammation,
and D-dimer, as a product of fibrin degradation, there
is a significantly increased risk of developing venous
thrombosis [33].

Therefore, significant discrepancies in the frequency
of registration of thrombotic complications in patients
with COVID-19 and in the spectrum of these events,
insufficient clarity of the features of changes in the
hemostasis system in relation to the expressiveness of
the inflammatory reaction require further research in this
direction in order to determine early predictors of the risk
of developing thrombotic complications.

Pathologia. Volume 20. No. 1, January — April 2023
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Table 1. Frequency of development and spectrum of thrombotic complications
in oxygen-dependent patients with COVID-19 depending on the consequences
of the disease, abs. (%)

Patients
(n=211) Igroup 1l group
(n=94) (n=117)

Aim

The purpose of our work was to find out the clinical and
prognostic role of changes in hemostasis parameters and
C-reactive protein in the development of thrombotic com-

plications in oxygen-dependent patients with coronavirus
disease (COVID-19).

Presence of thrombotic complications 37 (16.6 %) 2 (2.1 %) 35(29.9 %)*

Ischemic stroke 7(3.2%) 1(1.1 %) 6 (5.1 %)
Materials and methods Transient ischemic attack 1(0.5 %) 1(1.1%) -

Thromboembolism of the pulmonary artery 14 (6.6 %) - 14 (12.0 %)
The research included 211 oxygen-dependent patients Myocardial infarction 13(62%) - 13 (1.1 %)
with coronavirus disease (COVID-19), who during Acute coronary syndrome 105%) - 1(0.9 %)
2020-2021 were being treated in the intensive care unit Thrombosis of upper extremity veins 2009%) - 2(1.7%)
of the Municipal Non-Profit Enterprise “Regional infectious Catheter associated venous thrombosis 1(05%) - 1(0.9 %)
clinical hospital” Zaporizhzhia Regional Council. The Thrombosis of lower limb arteries 2(09%) - 2(1.7 %)
diagnosis in all patients was confirmed by the detection A combination of several thrombotic complications 3 (1.4 %) - 3 (2.6 %)

of RNA-SARS-CoV-2 by the polymerase chain reaction
method. All patients were examined and received treat-
ment according to the normative documents in force at
the relevant time [34-36].

To assess the clinical and prognostic role of changes
in hemostasis parameters and CRP, patients were divided
into groups: | group — 94 patients who recovered, Il group
— 117 patients whose disease ended fatally. For analyze
the characteristics of changes in laboratory indicators,
patients of the Il group were additionally divided into
subgroups: 1I-A subgroup — 35 patients who developed
thrombotic complications and II-B subgroup — 82 pa-
tients without thrombotic complications. The presence
of comorbid pathology in the stage of decompensation
was a criterion for exclusion from the research. During
monitoring of patients for the diagnosis of thrombotic
complications were carried out comprehensive assess-
ment of clinical data, laboratory indicators of hemostasis
(coagulogram, platelets, D-dimer), electrocardiographic
examination, consultations of related specialists (neuro-
logist, cardiologist)

Statistical data processing was carried out using the
created patient database in the program Statistica for Win-
dows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).
The x?test was used to determine the differences between
qualitative features, and the Mann—-Whitney test was used
between quantitative features. To establish the diagnostic
significance of the investigated parameters in predicting
outcomes regarding the development of thrombotic com-
plications in oxygen-dependent patients with COVID-19,
ROC-analysis was performed with determination of the
cut-off point. Spearman’s correlation was used to establish
relationships between quantitative traits.

Results

Analysis of demographic parameters of oxygen-de-
pendent patients of the investigated groups showed
the absence of a statistically significant difference in the
median age of patients (p > 0.05). Thus, the median age
of patients of the | group was 63.0 [56.0; 70.0] years, II-A
subgroup — 67.0 [57.0; 79.0] years, 1I-B subgroup — 67.5
[61.0; 74.0] years old. Patients of the investigated groups
also did not statistically differ by gender (p > 0.05). Thus,
among patients of the | group there were 54 (57.4 %)
men, 40 (42.6 %) women; among patients of the II-A

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

*: the difference is significant, compared to the | group (p<0.05).

subgroup, men — 21 (60.0 %), women — 14 (40.0 %);
among patients of II-B subgroup, men — 43 (52.4 %),
women — 39 (47.6 %).

At the time of hospitalization of oxygen-dependent
patients to the intensive care unit, the median indicator
of oxygen saturation in air was 84.5 [80.0; 88.0] %; in
patients of I-A subgroup — 78.0 [70.0; 82.0] %,; in II-B
subgroup patients — 78.0 [74.0; 84.0] %. Statistically
significant differences in this parameter were not found
when comparing the studied groups of patients at the time
of observation (p > 0.05). From the moment of hospital-
ization to the intensive care unit, 12 (12.8 %) patients of
the | group, 7 (20.0 %) patients of the Il-A subgroup, and
14 (17.1 %) patients of the II-B subgroup needed non-in-
vasive lung ventilation. The other patients were started
on oxygen support using a mask with an accumulation
bag and a non-reversible valve in a volume of at least 15
L/min. There were no statistically significant differences
in the degree of severity of acute respiratory deficiencies
and the need for non-invasive lung ventilation at the start
of the observation (p > 0.05).

According to the results of the research, it was estab-
lished that among oxygen-dependent patients, 16.6 % (37
out of 211) were diagnosed with thrombotic complications,
among which the most frequent were thromboembolism
of the pulmonary artery (6.6 %), myocardial infarction
(6.2 %) and ischemic stroke (3.2 %), while a combination
of two thrombotic complications was recorded in 3 (1.4 %)
cases. Thrombotic complications were significantly more
often registered in patients of the Il group, in whom the
disease ended fatally, compared to patients of the | group,
who recovered (29.9 % vs. 2.1 %, respectively, x* = 27.83,
p < 0.0001). It should be noted that the development
of ischemic stroke and transient ischemic attack was
diagnosed only in isolated cases among patients of the
| group (Table 1).

Thrombotic complications in 54.1 % (20 out of 37) of
patients were diagnosed only on the basis of pathological
examinations with a fatal outcome of COVID-19 at 24.0
[20.0; 28.0] day of iliness. Lifetime diagnosis of thrombotic
complications occurred in 45.9 % (17 out of 37) of patients
at 18[16.0; 24.0] day of illness. Arterial and venous throm-
bosis of the extremities in all cases was diagnosed with the
development of venous thromboembolism during lifetime.
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Fig. 1. Comparison of the frequency of intravital and pathological diagnosis of the main
thrombotic complications of COVID-19.
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Ischemic stroke in the vast majority of patients (71.4 %)
and myocardial infarction in almost half of patients
(46.2 %) were also diagnosed during lifetime. However,
pulmonary embolism, conversely, was diagnosed during
lifetime only in isolated cases (7.1 %). Comparison of
the frequency of intravital diagnosis of fatal thrombotic
complications showed that pulmonary embolism was
diagnosed intravitally statistically significantly less often
than ischemic stroke (x?=9.45, p = 0.002) and myocardial
infarction (x? = 5.34, p = 0,02) (Fig. 1).

Analysis of hemostasis parameters at the time of
admission to the intensive care unit at 9.0 [8.0; 11.0]
day of iliness showed that in patients of all investigated
groups, changes in hemostasis parameters indicated the
development of a prothrombotic state. This was confirmed
by an increase in the average prothrombin index (PTI), the
level of fibrinogen and D-dimer above the reference val-
ues. In the vast majority of patients of all observe groups,
the fibrinogen content exceeded upper limits of the norm,
namely in 77.7 % of patients of | group, 77.1 % of patients
of II-A subgroup and 82.9 % of patients of II-B subgroup.
The frequency of increasing the level of D-dimer was
similar, namely in 70.2 %, 88.9 % and 95.5 % of patients
in the respective groups. At the same time, it should be
noted that the level of D-dimer increase was statistically
significantly higher in patients with a fatal outcome of the
disease of both observe subgroups, compared to patients
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*: the difference is significant, compared to the development of pulmonary embolism
(p <0.05).

Fig. 2. Comparison of CRP content in patients with COVID-19 depending on the
development of thrombotic complications and consequences of the disease during
hospitalization (A) and in dynamics after 5-7 days (B).

*: the difference is significant, compared to the | group (p < 0.05).
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of the I group (p < 0.05). Itis worth noting that the median
level of the international normalized ratio (INR) in patients
of all studied groups was within the reference values.
The analysis of the platelet link of hemostasis showed
that 29.9 % (63 out of 211) of patients had deviations in
level of platelets from normal values, but these changes
were multidirectional in nature. Thrombocytopenia was
most often registered and the frequency of it did not differ
statistically (p > 0.05) in the studied groups of patients and
amounted to 21.3 %, 14.3 % and 31.7 %, respectively,
at the time of hospitalization in the intensive care unit.
Thrombocytosis was recorded only in individual patients
of all studied groups (Table 2).

At the time of hospitalization of patients with COVID-19,
the presence of a pronounced inflammatory reaction was
confirmed by a high level of CRP in the blood of patients
of all investigated groups, the level of which was 67.65
[41.20; 139.95] mg/l in patients of the | group, II-A sub-
group — 122.2 [61.2; 178.0] mg/l and in 1I-B subgroup —
109.8 [56.3; 180.0] mg/l. Comparative analysis showed
that the level of CRP in patients with a fatal outcome
of both II-A subgroup (p = 0.027) and II-B subgroup
(p = 0.029) was higher than in patients of | group who
recovered (Fig. 2A).

The conducted ROC analysis did not establish the
cut-off level of the investigated parameters of hemostasis
such as fibrinogen (AUC = 0.530, p = 0.578), D-dimer
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Fig. 3. Prediction of the probability of developing thrombotic complications in oxygen-dependent patients with COVID-19 based on the level of increased fibrinogen (A), D-dimer

(B) and CRP (C) at the time of hospitalization.

(AUC = 0.629, p = 0.083) and CRP (AUC = 0.573,
p = 0.154) in order to identify their prognostic value of
the development of thrombotic complications at the time
of the appearance of oxygen dependence and, accor-
dingly, the admission of patients to the intensive care unit
(p>0.05) (Fig. 3).

Comparison of hemostasis parameters in patients
with COVID-19 in dynamics after 5-7 days of treatment,
which was carried out according to the protocol and includ-
ed the mandatory use of low-molecular-weight heparins,
showed that the median level of fibrinogen remained
above the upper limit of the reference value in patients
of all investigated groups. In particular, the tendency
towards a higher frequency of detection of hyperfibrino-
genemia in patients of the II-A subgroup, compared to
patients of the | group (68.6 % vs. 54.3 %, respectively,
p > 0.05) and a significantly higher frequency of hyperfi-
brinogenemia in patients II-A subgroup, compared with
II-B subgroup patients (68.6 % vs. 9.8 %, respectively,
X2 =42.71, p=0.0001). The level of the median D-dimer
also remained above the upper limit of the reference
value against the background of treatment in patients
of all investigated groups, while the median D-dimer of
patients of both II-A subgroup and II-B subgroup was
statistically significantly higher than in | group patients
who recovered (p < 0.05). In addition, the frequency of
increased levels of D-dimer in patients of II-A subgroup
(100 % vs. 70.3 %, respectively, x* = 6.69, p = 0.009) and
II-B subgroup (96.4 % vs. 70.3 %, respectively, x> = 7.24,
p = 0.007) turned out to be the highest and significantly
exceeded the corresponding indicator of patients of the
| group (Table 3).

A comparison of the CRP content in blood of patients
with COVID-19 after 5-7 days of treatment, depending
on the development of thrombotic complications and the
consequences of the disease, showed that its highest
level remained precisely in patients of [I-A subgroup, which
developed fatal thrombotic complications and was 134.0
[52.2; 247.9] mg/l. In patients of II-B subgroup, the content
of CRP in the blood had a clear tendency to a lower level
of increase than in patients of II-A group and amounted to
80.0[30.5; 172.2] mg/l. The lowest level of CRP is 27.00
[9.80; 59.00] mg/l was recorded in | group patients who
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recovered. In group | patients, the CRP content during
this period of observation was statistically significantly
lower, compared to patients of group II-A (p =0.0001) and
compared to patients of group II-B (p = 0.0001) (Fig. 2B).

Interrelationship of inflammation parameters ac-
cording to the level of CRP and indicators of hemostasis
confirmed the established direct correlative relationships
between the level of CRP and D-dimer (r=0.40, p <0.05)
and fibrinogen (r = 0.38, p < 0.05).

In the dynamics after 5-7 days of the treatment,
according to the ROC analysis, the results regarding the
clarification of the role of such indicators as the level of
fibrinogen, D-dimer and CRP turned out to be statistically
significant.

According to the obtained result of the ROC analysis,
the cut-off level of fibrinogen, which indicated a high pro-
bability of fatal thrombosis in oxygen-dependent patients
with COVID-19, was 4.6 g/l (AUC = 0.600, p = 0.042)
(sensitivity — 62.16 %, specificity — 57.65 %) (Fig. 4).

Limit level of D-dimer, which indicated a high pro-
bability of developing thrombotic complications due to
COVID-19, was 2.1 ug/ml (AUC =0.704, p = 0.001) (sensi-
tivity — 83.33 %, specificity — 53.97 %) (p = 0.001) (Fig. 5).

The threshold level of CRP, which indicated a high
probability of developing thrombotic complications due
to COVID-19, was 89.3 mg/l (AUC = 0.720, p < 0.001)
(sensitivity — 69.23 %, specificity — 71.43 %) (Fig. 6).

Discussion

According to the data of various research [18-20], the fre-
quency of detected venous thrombosis among oxygen-de-
pendent patients who were treated in intensive care units
varied in a fairly wide range from 24 % to 85 %. According
to the results of our research, the frequency of thrombotic
complications in oxygen-dependent patients was 16.6 %
at the same time, the development of pulmonary embolism
(7.1 %), myocardial infarction (6.2 %) and ischemic stroke
(3.2 %) was most often recorded. It should be noted that
arterial and catheter-associated thrombosis were diag-
nosed during lifetime in all cases, ischemic stroke — in
most patients (71.4 %). It was the identified clear clinical
symptoms that allowed us to establish the development of
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Fig. 4. Prediction of the probability of developing thrombotic complications in oxygen-dependent patients with COVID-19 by the level of increased fibrinogen.

Fig. 5. Prediction of the probability of developing thrombotic complications in oxygen-dependent patients with COVID-19 based on the level of D-dimer elevation.

Fig. 6. Prediction of the probability of the development of fatal thrombotic complications in oxygen-dependent patients with COVID-19 according to the level of CRP increase.

Table 3. Parameters of hemostasis and CRP in oxygen-dependent patients with COVID-19 depending on the development of thrombotic complications
and consequences of the disease in dynamics after 5-7 days against the background of treatment

Indicator, Reference values
units of measurement

PTI, %
INR
Fibrinogen, g/l

Fibrinogen increase, abs (%) -

Platelets, x10%/
Thrombocytosis, abs (%)

Thrombocytopenia, abs (%) -

D-dimer, pg/ml

Increase in D-dimer, abs (%) -

1 group

(n=94)
80-100 102.0 [90.0; 115.5]
0.80-1.24 0.98 [0.90; 1.06]
2-4 4.15[3.29; 5.10]

51 (54.3 %)
180-390 283.0 [218.0; 345.0]
- 19 (20.2 %)

5(5.3%)
<0.1 1.01 [0.50; 2.03]

70.3 % (26 of 37)

Il group (n = 117)
II-A subgroup (n = 35) 11-B subgroup (n = 82)

88.6 [64.5; 102.0]* 84.7 [64.8; 99.0]*

1.08 [0.98; 1.33] 1.14[1.00; 1.41]
4.86 [3.90; 5.80] 5.00 [2.94; 6.06]

24 (68.6 %) 8(9.8 %)***

239.0 [159.0; 315.0] 189.5 [136.0; 273.5]
4(11.4 %) 7 (8.5 %)*

10 (28.6 %)* 38 (46.3 %)*

6.80 [3.68; 23.30]*
100 % (18 of 18)*

12.00 [4.15; 21.90]*
96.4 % (27 of 28)*

*: the difference is significant compared to patients of the | group (p < 0.05); **: compared with |I-A subgroup patients (p < 0.05).
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these thrombotic complications during lifetime. Less than
half of the patients managed to diagnose a myocardial
infarction during lifetime (46.2 %), at the same time, the
basis of the diagnosis was the detection of changes on
the electrocardiogram in combination with an increase in
the level of troponin.

In contrast to the above, pulmonary embolism was
suspected during lifetime in only one patient, and in
92.9 % of cases this diagnosis was established only on the
basis of pathomorphological examination of the lungs of
the deceased. In our previous publication [37], we analyz-
ed the results of pathomorphological examinations of 41
deceased persons and also demonstrated that thrombotic
complications were detected in 22.0 % of deceased per-
sons as a result of COVID-19, and pulmonary embolism
occurred in every third deceased person in the absence
of its diagnosis during lifetime in any case.

The results obtained in our research to a certain extent
coincide with the data of the literature, and the discrepan-
cies in the frequency of lifetime diagnosis of pulmonary
embolism have an explanation. On the one hand, it is
known that rapidly progressing acute respiratory distress
syndrome and thromboembolism of the pulmonary artery
have a certain similarity in clinical symptoms, which in the
conditions of a severe and critical course of COVID-19
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most often prompts the doctor to intensively treat acute res-
piratory distress syndrome, and the diagnosis of probable
pulmonary embolism artery on the background of severe
acute respiratory distress syndrome is not considered
accordingly. On the other hand, the absence in the vast
majority of cases of the possibility of conducting computed
tomography of the lungs in oxygen-dependent patients
treated in intensive care units led to the fact that the only
reliable tool for in situ diagnosis of pulmonary thrombotic
lesions was not used [31,38,39]. Precisely because of these
and other similar moments, the question of the impact of
thrombotic complications on the overall mortality rate and
on the progression of disorders of the external respiratory
system among patients with COVID-19 still remains open
and continues to be studied [39,40].

A number of researchers believe that one of the
ways to increase the effectiveness of lifetime diagnosis
of thrombotic complications can be ultrasound screening
of the venous system of the extremities of patients with a
severe course of COVID-19 [41,42]. The hypothesis pro-
posed by researchers [32] regarding the stage course of
COVID-19-associated coagulopathy indicates that there
are no thromboembolic complications at the initial stage of
its development. With systemic activation of the processes
of thrombus formation, which is clearly evidenced by a
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rapid increase in the level of D-dimer, signs of deep vein
thrombosis of the extremities can already be detected,
but only with the help of ultrasound examination, since
these thrombotic complications are asymptomatic in the
vast majority of patients [41—43]. The above is confirmed
by the results of a research in which, during a full autopsy
with the use of postmortem computed tomography, deep
vein thrombosis was detected in 58 % of the deceased,
in whom there was no suspicion of the development of
venous thromboembolism during lifetime [44].

Significant discrepancies in literature data regarding
the frequency of thrombotic complications in patients with
COVID-19 can also be explained by the polymorphism
of genetic factors that have an impact on the features of
the immune response to SARS-CoV-2 antigens, which
determines the features of the course of the disease, in
particular, the risk of developing coagulopathy and related
thrombotic complications [45,46].

Abnormal changes in the hemostasis system during
COVID-19 in patients with a critical course reach their
maximum expression and are able to persist for a long
time, despite anticoagulant therapy [21]. Already at the
initial stages of studying the pathogenetic mechanisms of
the progression of COVID-19, attention was paid to the
increase in the level of D-dimer in the blood of patients. At
the same time, in clinically significant cases, this indicator
was increased in patients at the time of hospitalization
and subsequently, during the first five days of treatment,
it continued to increase, reaching its maximum [47].
According to the results of many research, precisely the
level of D-dimer in blood that is one of the informative
prognostic indicators regarding the risk of an adverse
outcome of the disease. Among patients with a critical
course of COVID-19, level of D-dimer is significantly high-
er, compared to patients with a medium and light degree
of severity, and a high level of this indicator is closely
related to the development of thrombotic complications
and hospital mortality [36,37,39].

According to the results of our research, on the day
of admission of oxygen-dependent patients to the inten-
sive care unit by the 9" [8.0; 11.0] day of the illness, the
analysis of hemostasis parameters revealed development
of a prothrombotic state in them. The medians of such
parameters as PTI, fibrinogen and D-dimer were higher
than the reference values. At the same time, the level of
increase in D-dimer was statistically significantly higher in
patients with subsequent development of a fatal outcome
of the disease (p < 0.05). Our results correspond to the
interim recommendations of the International Society
of Thrombosis and Hemostasis (ISTH) regarding the
recognition and treatment of COVID-19-associated co-
agulopathy, according to which D-dimer level >2.0 ug/ml
is a marker of significantly higher hospital mortality [35].
The median of this indicator, among the patients examined
by us who later died due to thrombotic complications,
was 2.25 [1.20; 8.40] yg/ml. According to the results of
our research, more pronounced laboratory signs of a
prothrombotic state were combined with a higher level
of CRP increase in patients with a fatal outcome of the
disease (p < 0.05) than in patients who subsequently
recovered. When observing the dynamics after 5-7
days in patients with the subsequent development of
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fatal thrombotic complications, the detected disorders
worsened, despite the treatment. It was during these
observation periods that we managed to establish the
threshold levels of fibrinogen >4.6 g/l (AUC = 0.600,
p =0.042), D-dimer >2.1 ug/ml (AUC = 0.704, p = 0.001)
and CRP >89.3 mg/l (AUC = 0.720, p < 0.001), which
have diagnostic value in predicting further development
of thrombotic complications.

Data from the literature indicate that the excessive
inflammatory response that occurs as a result of infection
with the SARS-CoV-2 virus is the main cause of the com-
plicated course of the disease and death [5,6,8]. Asevere
course of COVID-19 is accompanied by an increase more
than ten times the level of CRP already in the early stages
of the disease. A high level of CRP correlates with the
severity of the disease and the risk of death [7-9]. And the
risk of developing venous thromboembolic complications
among patients with a critical course of the disease is the
highest in the case of a combined increase in the levels
of CRP and D-dimer [7].

Conclusions

1. The frequency of developing thrombotic compli-
cations in oxygen-dependent patients with COVID-19 is
16.6 %, among which the most common are pulmonary
embolism (6.6 %), myocardial infarction (6.2 %), ischemic
stroke (3.2 %) and in some cases a combination of throm-
botic complications (1.4 %). Thrombotic complications are
more often registered in oxygen-dependent patients with
afatal outcome of the disease, compared to patients who
recovered (29.9 % vs. 2.1 %, respectively, p < 0.0001).

2. Lifetime diagnosis of thrombotic complications in
oxygen-dependent patients with COVID-19 occurs in
45.9 % of patients on the 18" [16.0; 24.0] day of the iliness.
Thromboembolism of the pulmonary artery is less often
diagnosed during lifetime than ischemic stroke (7.1 % vs.
71.4 %, respectively, p = 0.002) and myocardial infarction
(7.1% vs. 46.2 %, respectively, p = 0.02).

3. With the development of oxygen-dependence and
admission to the intensive care unit on the 9 [8.0; 11.0]
day of the illness, changes in the hemostasis system are
characterized as prothrombotic with increased levels
of fibrinogen and D-dimer in patients of all investigated
groups, regardless of the risk of further development of
thrombotic complications. C-reactive protein in patients
with a subsequent fatal outcome of the disease, regardless
of the development of thrombotic complications, is higher
(p < 0.05) than in patients who subsequently recover.

4. In dynamics of complex treatment of oxygen-de-
pendent patients after 5-7 days, the level of fibrinogen,
D-dimer and C-reactive protein have a diagnostic value
in predicting the further development of thrombotic
complications. When the level of fibrinogen increases
>4.6 g/l (AUC = 0.600, p = 0.042), D-dimer >2.1 pg/ml
(AUC = 0.704, p = 0.001) and C-reactive protein >89.3
mg/l (AUC = 0.720, p < 0.001), the probability of deve-
loping thrombotic complications is significant.

Prospects for further research. In our opinion, a
promising direction of research is to find out the risk of
developing thrombotic complications depending on the
presence of various comorbid pathologies.

ISSN 2306-8027  http://pat.zsmu.edu.ua

33



34

Original research

KoH®AIKT iHTepeciB: BiACYTHIN.
Conflicts of interest: authors have no conflict of interest to declare.

Haaifiwaa po peaaxuii / Received: 06.02.2023
Nicas aoonpautosaHHs / Revised: 03.03.2023
Mpuitato po ApyKy / Accepted: 13.03.2023

Information about authors:

Cherkaskyi V. V., MD, Assistant of the Department of Infectious
Diseases, Zaporizhzhia State Medical University, Ukraine.
ORCID ID: 0000-0003-2959-8803

Riabokon 0. V., MD, PhD, DSc, Professor, Head of the Department
of Infectious Diseases, Zaporizhzhia State Medical University,
Ukraine.

ORCID ID: 0000-0002-7394-4649

Riabokon Yu. Yu., MD, PhD, DSc, Professor of the Department
of Children Infectious Diseases, Zaporizhzhia State Medical
University, Ukraine.

ORCID ID: 0000-0002-2273-8511

BiaomocrTi npo aBTopiB:

Yepracbkuii B. B., acuCTEHT Kag. iHEKLINHMX XBOPOO,
3anopi3bk1it AepXXaBHW MEAUYHUI YHIBEPCHTET,

YkpaiHa.

Pab6okoHb 0. B., A-p Mea. Hayk, Npodecop, 3aB. kad. iHGEKLMHUX
XBOPOO, 3an0opi3bKNiA AePXaBHUA MEAUUYHUI YHIBEPCUTET,
YkpaiHa.

PabokoHsb t0. H0., A-p Mea. Hayk, Npodecop Kad. AUTAUMX
HOEKLIIHUX XBOPOO, 3anopi3bKui AEPXABHUIA MEANUHIA
yHiBepcuTeT, YkpaiHa.

References

[1 Muralidar, S., Ambi, S. V., Sekaran, S., & Krishnan, U. M. (2020). The
emergence of COVID-19 as a global pandemic: Understanding the
epidemiology, immune response and potential therapeutic targets
of SARS-CoV-2. Biochimie, 179, 85-100. https://doi.org/10.1016/.
biochi.2020.09.018

[2] Huang,C.,Wang,Y.,Li X, Ren,L. Zhao, J.,Hu, Y., Zhang, L., Fan, G.,
Xu, J., Gu, X., Cheng, Z., Yu, T, Xia, J., Wei, Y., Wu, W,, Xie, X.,
Yin, W,, Li, H., Liu, M., Xiao, Y., ... Cao, B. (2020). Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet,
395(10223), 497-506. https://doi.org/10.1016/S0140-6736(20)30183-5

[3] Synowiec, A., Szczepanski, A., Barreto-Duran, E., Lie, L. K., &
Pyrc, K. (2021). Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2): a Systemic Infection. Clinical microbiology reviews,
34(2), 00133-20. https://doi.org/10.1128/CMR.00133-20

[4] Zhang,S.,Liu, Y., Wang, X., Yang, L., Li, H., Wang, Y., Liu, M., Zhao, X.,
Xie, Y., Yang, Y., Zhang, S., Fan, Z., Dong, J., Yuan, Z., Ding, Z.,
Zhang, Y., &Hu, L. (2020). SARS-CoV-2 binds platelet ACE2 to enhance
thrombosis in COVID-19. Journal of hematology & oncology, 13(1),
120. https://doi.org/10.1186/s13045-020-00954-7

[5] Merad, M., & Martin, J. C. (2020). Pathological inflammation in pa-
tients with COVID-19: a key role for monocytes and macrophages.
Nature reviews. Immunology, 20(6), 355-362. https://doi.org/10.1038/
s41577-020-0331-4

[6] Mehta, P, McAuley, D.F., Brown, M., Sanchez, E., Tattersall, R. S., Man-
son, J. J., & HLH Across Speciality Collaboration, UK (2020). COVID-19:
consider cytokine storm syndromes and immunosuppression. Lancet,
395(10229), 1033-1034. https://doi.org/10.1016/S0140-6736(20)30628-0

[71 Petrilli, C. M., Jones, S. A,, Yang, J., Rajagopalan, H., O'Donnell, L.,
Chernyak, Y., Tobin, K. A., Cerfolio, R. J., Francois, F., & Horwitz, L. I.
(2020). Factors associated with hospital admission and critical illness
among 5279 people with coronavirus disease 2019 in New York City:
prospective cohort study. BMJ (Clinical research ed.), 369, m1966.
https://doi.org/10.1136/bmj.m1966

[8] Liu, F, Li L., Xu, M., Wy, J., Luo, D., Zhu, Y., Li, B., Song, X., &
Zhou, X. (2020). Prognostic value of interleukin-6, C-reactive protein,
and procalcitonin in patients with COVID-19. Journal of clinical virology,
127, 104370. https://doi.org/10.1016/j.jcv.2020.104370

[91 Ruan, Q. Yang, K., Wang, W., Jiang, L., & Song, J. (2020). Clinical
predictors of mortality due to COVID-19 based on an analysis of data
of 150 patients from Wuhan, China. Intensive care medicine, 46(5),
846-848. https://doi.org/10.1007/s00134-020-05991-x

[10] Smadja, D. M., Mentzer, S. J., Fontenay, M., Laffan, M. A.,
Ackermann, M., Helms, J., Jonigk, D., Chocron, R., Pier, G. B.,

ISSN 2306-8027  http://pat.zsmu.edu.ua

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[9]

[20]

[21]

[22)

[23]

[24]

[29]

Gendron, N., Pons, S., Diehl, J. L., Margadant, C., Guerin, C.,
Huijbers, E. J. M., Philippe, A., Chapuis, N., Nowak-Sliwinska, P.,
Karagiannidis, C., Sanchez, O., ... Griffioen, A. W. (2021). COVID-19
is a systemic vascular hemopathy: insight for mechanistic and clinical
aspects. Angiogenesis, 24(4), 755-788. https://doi.org/10.1007/
$10456-021-09805-6

Connors, J. M., & Levy, J. H. (2020). COVID-19 and its implications for
thrombosis and anticoagulation. Blood, 135(23), 2033-2040. https://doi.
org/10.1182/blood.2020006000

Singhania, N., Bansal, S., Nimmatoori, D. P., Ejaz, A. A., Mc-
Cullough, P. A., & Singhania, G. (2020). Current Overview on Hyper-
coagulability in COVID-19. American journal of cardiovascular drugs :
drugs, devices, and other interventions, 20(5), 393-403. https://doi.
0rg/10.1007/s40256-020-00431-z

Levi, M., & Iba, T. (2021). COVID-19 coagulopathy: is it disseminated
intravascular coagulation?. Internal and emergency medicine, 16(2),
309-312. https://doi.org/10.1007/s11739-020-02601-y

van der Linden, J., Almskog, L., Liliequist, A., Grip, J., Fux, T., Rysz, S.,
Agren, A., Oldner, A., & Stahlberg, M. (2020). Thromboembolism,
Hypercoagulopathy, and Antiphospholipid Antibodies in Critically
Il Coronavirus Disease 2019 Patients: A Before and After Study of
Enhanced Anticoagulation. Critical care explorations, 2(12), e0308.
https://doi.org/10.1097/CCE.0000000000000308

Becker, R. C. (2020). COVID-19 update: Covid-19-associated coagu-
lopathy. Journal of thrombosis and thrombolysis, 50(1), 54-67. https://
doi.org/10.1007/511239-020-02134-3

Colling, M. E., & Kanthi, Y. (2020). COVID-19-associated coagulopathy:
An exploration of mechanisms. Vascular medicine, 25(5), 471-478.
https://doi.org/10.1177/1358863X20932640

Peyvandi, F., Artoni, A., Novembrino, C., Aliberti, S., Panigada, M.,
Boscarino, M., Gualtierotti, R., Rossi, F., Palla, R., Martinelli, .,
Grasselli, G., Blasi, F., & Tripodi, A. (2021). Hemostatic alterations in
COVID-19. Haematologica, 106(5), 1472-1475. https://doi.org/10.3324/
haematol.2020.262634

Ribes, A., Vardon-Bounes, F., Mémier, V., Poette, M., Au-Duong, J.,
Garcia, C., Minville, V., Sié, P., Bura-Riviére, A., Voisin, S., &
Payrastre, B. (2020). Thromboembolic events and Covid-19. Ad-
vances in biological regulation, 77, 100735. https://doi.org/10.1016/j.
jbior.2020.100735

Middeldorp, S., Coppens, M., van Haaps, T. F., Foppen, M., Vlaar,A. P,,
Miiller, M. C. A., Bouman, C. C. S., Beenen, L. F. M., Kootte, R. S.,
Heijmans, J., Smits, L. P., Bonta, P. I, & van Es, N. (2020). Incidence
of venous thromboembolism in hospitalized patients with COVID-19.
Journal of thrombosis and haemostasis : JTH, 18(8), 1995-2002. https:/
doi.org/10.1111/jth.14888

Malas, M. B., Naazie, |. N., Elsayed, N., Mathlouthi, A., Marmor, R.,
& Clary, B. (2020). Thromboembolism risk of COVID-19 is high and
associated with a higher risk of mortality: A systematic review and
meta-analysis. EClinicalMedicine, 29, 100639. https://doi.org/10.1016/}.
eclinm.2020.100639

Lopes, R. D., de Barros E Silva, P. G. M., Furtado, R. H. M,
Macedo, A. V. S., Bronhara, B., Damiani, L. P., Barbosa, L. M.,
de Aveiro Morata, J., Ramacciotti, E., de Aquino Martins, P., de Ol-
iveira, A. L., Nunes, V. S., Ritt, L. E. F., Rocha, A. T., Tramujas, L.,
Santos, S. V., Diaz, D.R. A, Viana, L. S., Melro, L. M. G., de Alcantara
Chaud, M. S., ... ACTION Coalition COVID-19 Brazil IV Investigators
(2021). Therapeutic versus prophylactic anticoagulation for patients
admitted to hospital with COVID-19 and elevated D-dimer concen-
tration (ACTION): an open-label, multicentre, randomised, controlled
trial. Lancet, 397(10291), 2253-2263. https://doi.org/10.1016/S0140-
6736(21)01203-4

Jenner, W. J,, Kanji, R., Mirsadraee, S., Gue, Y. X., Price, S., Prasad, S.,
& Gorog, D. A. (2021). Thrombotic complications in 2928 patients with
COVID-19 treated in intensive care: a systematic review. Journal of
thrombosis and thrombolysis, 51(3), 595-607. https://doi.org/10.1007/
511239-021-02394-7

Nahum, J., Morichau-Beauchant, T., Daviaud, F., Echegut, P., Fichet, J.,
Maillet, J. M., & Thierry, S. (2020). Venous Thrombosis Among Criti-
cally Il Patients With Coronavirus Disease 2019 (COVID-19). JAMA
network open, 3(5), e2010478. https://doi.org/10.1001/jamanetworko-
pen.2020.10478

Rey, J. R., Caro-Codon, J., Poveda Pineda, D., Merino, J. L., Inies-
ta, A.M., Lépez-Sendon, J. L., & investigadores CARD-COVID (2020).
Complicaciones arteriales trombéticas en pacientes hospitalizados con
COVID-19 [Arterial thrombotic complications in hospitalized patients
with COVID-19]. Revista espanola de cardiologia, 73(9), 769-771.
https://doi.org/10.1016/j.recesp.2020.05.013

Tan, Y. K., Goh, C., Leow, A. S. T., Tambyah, P.A., Ang, A, Yap, E. S.,
Tu, T. M., Sharma, V. K., Yeo, L. L. L., Chan, B. P.L., & Tan, B. Y. Q.
(2020). COVID-19 and ischemic stroke: a systematic review and me-
ta-summary of the literature. Journal of thrombosis and thrombolysis,
50(3), 587-595. https://doi.org/10.1007/s11239-020-02228-y

Pathologia. Volume 20. No. 1, January — April 2023


https://orcid.org/0000-0003-2959-8803
https://orcid.org/0000-0002-7394-4649
https://orcid.org/0000-0002-2273-8511
https://doi.org/10.14739/2310-1237.2023.1.274921

https://doi.org/10.14739/2310-1237.2023.1.274921

https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1128/CMR.00133-20
https://doi.org/10.1186/s13045-020-00954-7
https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1016/j.jcv.2020.104370
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s10456-021-09805-6
https://doi.org/10.1007/s10456-021-09805-6
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1007/s40256-020-00431-z
https://doi.org/10.1007/s40256-020-00431-z
https://doi.org/10.1007/s11739-020-02601-y
https://doi.org/10.1097/CCE.0000000000000308
https://doi.org/10.1007/s11239-020-02134-3
https://doi.org/10.1007/s11239-020-02134-3
https://doi.org/10.1177/1358863X20932640
https://doi.org/10.3324/haematol.2020.262634
https://doi.org/10.3324/haematol.2020.262634
https://doi.org/10.1016/j.jbior.2020.100735
https://doi.org/10.1016/j.jbior.2020.100735
https://doi.org/10.1111/jth.14888
https://doi.org/10.1111/jth.14888
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1016/j.eclinm.2020.100639
https://doi.org/10.1016/S0140-6736(21)01203-4
https://doi.org/10.1016/S0140-6736(21)01203-4
https://doi.org/10.1007/s11239-021-02394-7
https://doi.org/10.1007/s11239-021-02394-7
https://doi.org/10.1001/jamanetworkopen.2020.10478
https://doi.org/10.1001/jamanetworkopen.2020.10478
https://doi.org/10.1016/j.recesp.2020.05.013
https://doi.org/10.1007/s11239-020-02228-y

26]

[27]

(28]

[29]

(30]

(31]

(32

(33]

(34]

(35]

(36]

[37]

(38]

(39]

[40]

[41]

Levi, M., Thachil, J., Iba, T., & Levy, J. H. (2020). Coagulation ab-
normalities and thrombosis in patients with COVID-19. The Lancet.
Haematology, 7(6), e438-e440. https://doi.org/10.1016/S2352-
3026(20)30145-9

Thachil, J., Cushman, M., & Srivastava, A. (2020). A proposal for
staging COVID-19 coagulopathy. Research and practice in thrombosis
and haemostasis, 4(5), 731-736. https://doi.org/10.1002/rth2.12372
Helms, J., Severac, F., Merdji, H., Anglés-Cano, E., & Me-
ziani, F. (2020). Prothrombotic phenotype in COVID-19 severe patients.
Intensive care medicine, 46(7), 1502-1503. https://doi.org/10.1007/
s00134-020-06082-7

Thachil, J., Tang, N., Gando, S., Falanga, A., Cattaneo, M., Levi, M.,
Clark, C., & Iba, T. (2020). ISTH interim guidance on recognition and
management of coagulopathy in COVID-19. Journal of thrombosis
and haemostasis : JTH, 18(5), 1023-1026. https:/doi.org/10.1111/
jth.14810

Shah, S., Shah, K., Patel, S. B., Patel, F. S., Osman, M., Velagapu-
di, P,, Turagam, M. K., Lakkireddy, D., & Garg, J. (2020). Elevated
D-Dimer Levels Are Associated With Increased Risk of Mortality in
Coronavirus Disease 2019: A Systematic Review and Meta-Anal-
ysis. Cardiology in review, 28(6), 295-302. https://doi.org/10.1097/
CRD.0000000000000330

Kwee, R. M., Adams, H. J. A, & Kwee, T. C. (2021). Pulmonary em-
bolism in patients with COVID-19 and value of D-dimer assessment:
a meta-analysis. European radiology, 31(11), 8168-8186. hitps://doi.
org/10.1007/s00330-021-08003-8

Chocron, R., Duceau, B., Gendron, N., Ezzouhairi, N., Khider, L.,
Trimaille, A., Goudot, G., Weizman, O., Alsac, J. M., Pommier, T.,
Bory, O., Cellier, J., Philippe, A., Geneste, L., Ben Abdallah, ., Pa-
nagides, V., El Batti, S., Marsou, W., Juvin, P., Deney, A., ... Critical
COVID-19 France investigators (2021). D-dimer at hospital admission
for COVID-19 are associated with in-hospital mortality, independent of
venous thromboembolism: Insights from a French multicenter cohort
study. Archives of cardiovascular diseases, 114(5), 381-393. https:/
doi.org/10.1016/j.acvd.2021.02.003

Smilowitz, N. R., Kunichoff, D., Garshick, M., Shah, B., Pillinger, M.,
Hochman, J. S., & Berger, J. S. (2021). C-reactive protein and clinical
outcomes in patients with COVID-19. European heart journal, 42(23),
2270-2279. https://doi.org/10.1093/eurheartj/ehaa1103

Ministry of Health of Ukraine. (2021, January 7). Pro zatverdzhennia
Zmin do Standartiv medychnoi dopomohy “Koronavirusna khvoroba
(COVID-19)”. Nakaz MOZ Ukrainy No. 10 [On the approval of the
Amendments to the Medical Care Standards “Coronavirus Disease
(COVID-19)” (No. 10)]. URL: https://zakon.rada.gov.ua/rada/show/
v0010282-21?lang=en#Text

Ministry of Health of Ukraine. (2020, April 2). Protokol nadannia medych-
noi dopomohy dlia likuvannia koronavirusnoi khvoroby (COVID-19).
Nakaz MOZ Ukrainy No. 762 [Protocol for the provision of medical
assistance for the treatment of the coronavirus disease (COVID-19)
(No. 762)]. https://zakon.rada.gov.ua/rada/show/v0762282-20#Text
Ministry of Health of Ukraine. (2020, March 28). Orhanizatsiia na-
dannia medychnoi dopomohy khvorym na koronavirusnu khvorobu
(COVID-19). Nakaz MOZ Ukrainy No. 722 [Organization of medical care
for patients with coronavirus disease (COVID-19) (No. 722)]. https:/
zakon.rada.gov.ua/rada/show/v0722282-20?lang=en#Text
Riabokon, O. V., Tumanska, L. M., Cherkaskyi, V. V., & Ri-
abokon, Yu. Yu. (2021). Clinical and pathomorphological analysis of
deaths from COVID-19 in 2020. Pathologia, 18(3), 269-277. https://doi.
0rg/10.14739/2310-1237.2021.3.242247

Longchamp, A., Longchamp, J., Manzocchi-Besson, S., Whiting, L.,
Haller, C., Jeanneret, S., Godio, M., Garcia Martinez, J. J., Bonjour, T.,
Caillat, M., Maitre, G., Thaler, J. M., Pantet, R., Donner, V., Dumoulin, A.,
Emonet, S., Greub, G., Friolet, R., Robert-Ebadi, H., Righini, M., ...
Delaloye, J. (2020). Venous thromboembolism in critically lll patients
with COVID-19: Results of a screening study for deep vein thrombosis.
Research and practice in thrombosis and haemostasis, 4(5), 842-847.
https://doi.org/10.1002/rth2.12376

Lodigiani, C., lapichino, G., Carenzo, L., Cecconi, M., Ferrazzi, P,
Sebastian, T., Kucher, N., Studt, J. D., Sacco, C., Bertuzzi, A., San-
dri, M. T., Barco, S., & Humanitas COVID-19 Task Force (2020). Venous
and arterial thromboembolic complications in COVID-19 patients
admitted to an academic hospital in Milan, Italy. Thrombosis research,
191, 9-14. https://doi.org/10.1016/j.thromres.2020.04.024

Kollias, A., Kyriakoulis, K. G., Lagou, S., Kontopantelis, E., Ster-
giou, G. S., & Syrigos, K. (2021). Venous thromboembolism in
COVID-19: Asystematic review and meta-analysis. Vascular medicine,
26(4), 415-425. https://doi.org/10.1177/1358863X21995566

Mansory, E. M., Srigunapalan, S., & Lazo-Langner, A. (2021). Venous
Thromboembolism in Hospitalized Critical and Noncritical COVID-19
Patients: A Systematic Review and Meta-analysis. TH open : companion
journal to thrombosis and haemostasis, 5(3), €286-e294. https://doi.
org/10.1055/s-0041-1730967

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

[42]

[43]

[44]

[43]

[46]

[47]

OpwuriHaAbHI AOCAIAKEHHSA

Nopp, S., Moik, F., Jilma, B., Pabinger, I, & Ay, C. (2020). Risk of venous
thromboembolism in patients with COVID-19: A systematic review and
meta-analysis. Research and practice in thrombosis and haemostasis,
4(7), 1178-1191. https://doi.org/10.1002/rth2.12439

Voicu, S., Bonnin, P., Stépanian, A., Chousterman, B. G., Le Gall, A.,
Malissin, ., Deye, N., Siguret, V., Mebazaa, A., & Mégarbane, B. (2020).
High Prevalence of Deep Vein Thrombosis in Mechanically Ventilated
COVID-19 Patients. Journal of the American College of Cardiology,
76(4), 480-482. https://doi.org/10.1016/}.jacc.2020.05.053
Wichmann, D., Sperhake, J. P., Litgehetmann, M., Steurer, S.,
Edler, C., Heinemann, A., Heinrich, F., Mushumba, H., Kniep, I.,
Schrdder, A. S., Burdelski, C., de Heer, G., Nierhaus, A., Frings, D.,
Pfefferle, S., Becker, H., Bredereke-Wiedling, H., de Weerth, A., Pas-
chen, H. R., Sheikhzadeh-Eggers, S., ... Kluge, S. (2020). Autopsy
Findings and Venous Thromboembolism in Patients With COVID-19:
A Prospective Cohort Study. Annals of internal medicine, 173(4), 268-
277. https://doi.org/10.7326/M20-2003

Deng, H., Yan, X., & Yuan, L. (2021). Human genetic basis of coro-
navirus disease 2019. Signal transduction and targeted therapy, 6(1),
344. https://doi.org/10.1038/s41392-021-00736-8

Carter-Timofte, M. E., Jorgensen, S. E., Freytag, M. R., Thom-
sen, M. M., Brinck Andersen, N. S., Al-Mousawi, A., Hait, A. S., &
Mogensen, T. H. (2020). Deciphering the Role of Host Genetics in
Susceptibility to Severe COVID-19. Frontiers inimmunology, 11, 1606.
https://doi.org/10.3389/fimmu.2020.01606

Berger, J. S., Kunichoff, D., Adhikari, S., Ahuja, T., Amoroso, N., Aphin-
yanaphongs, Y., Cao, M., Goldenberg, R., Hindenburg, A., Horowitz, J.,
Parnia, S., Petrilli, C., Reynolds, H., Simon, E., Slater, J., Yaghi, S.,
Yuriditsky, E., Hochman, J., & Horwitz, L. I. (2020). Prevalence and Out-
comes of D-Dimer Elevation in Hospitalized Patients With COVID-19.
Arteriosclerosis, thrombosis, and vascular biology, 40(10), 2539-2547.
https://doi.org/10.1161/ATVBAHA.120.314872

ISSN 2306-8027  http://pat.zsmu.edu.ua

35


https://doi.org/10.1016/S2352-3026(20)30145-9
https://doi.org/10.1016/S2352-3026(20)30145-9
https://doi.org/10.1002/rth2.12372
https://doi.org/10.1007/s00134-020-06082-7
https://doi.org/10.1007/s00134-020-06082-7
https://doi.org/10.1111/jth.14810
https://doi.org/10.1111/jth.14810
https://doi.org/10.1097/CRD.0000000000000330
https://doi.org/10.1097/CRD.0000000000000330
https://doi.org/10.1007/s00330-021-08003-8
https://doi.org/10.1007/s00330-021-08003-8
https://doi.org/10.1016/j.acvd.2021.02.003
https://doi.org/10.1016/j.acvd.2021.02.003
https://doi.org/10.1093/eurheartj/ehaa1103
https://zakon.rada.gov.ua/rada/show/v0010282-21?lang=en#Text
https://zakon.rada.gov.ua/rada/show/v0010282-21?lang=en#Text
https://zakon.rada.gov.ua/rada/show/v0762282-20#Text
https://zakon.rada.gov.ua/rada/show/v0722282-20?lang=en#Text
https://zakon.rada.gov.ua/rada/show/v0722282-20?lang=en#Text
https://doi.org/10.14739/2310-1237.2021.3.242247
https://doi.org/10.14739/2310-1237.2021.3.242247
https://doi.org/10.1002/rth2.12376
https://doi.org/10.1016/j.thromres.2020.04.024
https://doi.org/10.1177/1358863X21995566
https://doi.org/10.1055/s-0041-1730967
https://doi.org/10.1055/s-0041-1730967
https://doi.org/10.1002/rth2.12439
https://doi.org/10.1016/j.jacc.2020.05.053
https://doi.org/10.7326/M20-2003
https://doi.org/10.1038/s41392-021-00736-8
https://doi.org/10.3389/fimmu.2020.01606
https://doi.org/10.1161/ATVBAHA.120.314872

Original research

UDC 616.831:616.36-004]-036.88-091.818-074
DOI: 10.14739/2310-1237.2023.1.276453

Ammonia level and Alzheimer type 2 astrocytes in the brain
of deceased patients with liver cirrhosis of the varying degree

T. V. Shulyatnikova

*ABCD, V., 0. Tumanskyi=APEF

Zaporizhzhia State Medical University, Ukraine

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

Key words:

liver cirrhosis,
ammonia, hepatic
encephalopathy,
histocytochemistry,
optical density,
Alzheimer type 2

astrocytes, bilirubin.

Pathologia
2023; 20 (1), 36-44

*E-mail:
shulyatnikova.tv@
gmail.com

KnatouoBi croBa:
LIMPO3 NEYiHKK,
amiak, neviHkosa
eHuedanonaris,
rictoximis,
ONTUYHA LLIABHICTB,
acTpouuTH
AnbLreiimepa 2
™My, 6inipy6iH.

Matonoria. 2023.
T. 20, Ne 1(57).
C.36-44

36 ISSN 2306-8027  http://pat.zsmu.edu.ua

The aim of the study — comparative analysis of the ammonia level and Alzheimer type 2 astrocytes in the brain cortex and
white matter of cerebral hemispheres, hippocampus, thalamus, striatum and cerebellum in the deceased patients with liver
cirrhosis of classes A, B and C according to Child—Pugh.

Materials and methods. The study was performed on the brain of deceased 90 patients (65 = 3 years) suffered from
non-alcoholic liver cirrhosis (LC) of classes A (n = 30, group “A”), B (n = 30, group “B”) and C (n = 30, group “C") according
to Child—Pugh score, among which 59 (65.55 %) patients had clinical symptoms of hepatic encephalopathy of I-IV grades.
The control group included postmortem brains of 30 patients (59.0 + 2.5 years) who died from acute cardiovascular insuffi-
ciency and did not suffer from liver diseases or intoxication. A retrospective analysis of clinical and laboratory data from case
histories was carried out. For histochemical (HC) determination of the ammonia in paraffin sections of the cerebral cortex
and white matter, hippocampus, thalamus, striatum and cerebellum we used the protocol with Nessler’s reagent proposed
by Gutierrez-de-Juan et al. (2017). In the noted brain regions, the analysis of HC ammonia optical density was performed in
five standardized fields of view (x200) of the microscope scope A1 “Carl Zeiss” (Germany) with Jenoptik camera progress
Gryphax 60 N-C1"1.0x426114 (Germany) using ImageJ software; in each noted brain region the number of Alzheimer’s type
2 astrocytes (AA2) was counted per twenty standardized fields of view at magnification x400.

Results. HC method for ammonia detection with Nessler’s reagent according to V. Gutiérrez-de-Juan et al. (2017) reveals
region-dependent fine-grained expression of ammonia in the brain neuropil of deceased patients in control and cirrhotic groups.
In control patients, a very low HC ammonia expression is observed with higher values in cerebellum, thalamus, and striatum,
while still ranked as negative. Increased HC ammonia expression (compared to control) is observed in deceased patients with
compensated LC of “A” group in the cortex, thalamus, striatum and cerebellum; in subcompensated LC of “B” group — as well
in the white matter and hippocampus. In deceased patients with decompensated LC of “C” group, in cerebellum, thalamus and
striatum HC ammonia expression is maximally increased (by 6.18, 5.72, and 5.50 folds, respectively). Significant correlations
are present between patients’ postmortem brain HC ammonia expression and the last intravital indicators of the blood total
bilirubin, AST, ALT, albumin, leukocytic intoxication index. In compensated cirrhosis, increase in AA2 numbers compared to
control is found in thalamus, striatum and cerebellum, which corresponds to AA2-astrocytosis of | degree. In subcompen-
sated cirrhosis, AA2-astrocytosis of moderate Il degree is found in the cortex, thalamus and cerebellum; AA2-astrocytosis of
| degree — in striatum. In decompensated cirrhosis, pronounced AA2-astrocytosis of Ill degree is determined in the cortex,
thalamus, striatum and cerebellum; moderate AA2-astrocytosis of Il degree — in cerebral white matter, and mild AA2-astrocy-
tosis of | degree — in the hippocampus. There is a moderate, strong, and very strong positive relationship between the levels
of AA2-astrocytosis and HC ammonia expression in the thalamus, striatum, and cerebellum.

Conclusions. In deceased patients with LC, the neuropil HC ammonia expression in cerebellum, thalamus, striatum, and
cerebral cortex directly correlates with the severity of LC according to Child—Pugh, reaching a maximum in LC of class C,
and has significant correlations with intravital blood levels of total bilirubin, AST, ALT, albumin, leukocytic intoxication index.
With LC progression, AA2-astrocytosis increases significantly in thalamus, cerebellum, striatum and cerebral cortex, which
positively correlates with HC ammonia expression in these brain regions.

PiBeHb amiaky 1 acTpouutiB AAbLremepa 2 Tuny
B FOAOBHOMY MO3KY NOMEPAKUX XBOPUX HA LIUPO3 NEUIHKK Pi3HMX CTYNEHIB TAXKKOCTI

T. B. LLynsTHikoBa, B. 0. TymaHCbkuiA

MeTa po60TH — NOpiBHsNbHWIA aHanI3 PiBHS amiaky 1 acTpouuTie AnbLreimepa 2 TUMy B TKaHWHI Kopu Ta 6inoi pe4oBuHK
BEMNMKKX NiBKyNb FONOBHOMO MO3KY, rinokamry, Taramycy, CMyractoro Tina Ta Mo3o4ka y MOMEpNvX XBOPMX Ha LIMPO3 NeYiHKu
knacy A, B Ta C 3a Yaitng-T'o.

Marepianu Ta metogu. Jocnigunv ronosHnia Mo3ok (M) 90 nomepnnx xsopux (Bikom 65 + 3 poku) Ha HeanKoromnbHWiA Lpo3
neviHku (L) knacy A, B i C 3a Yanna—ITio0. Busnaunnu 3 rpynm cnoctepexeHs: «A» (n = 30), «B» (n = 30) ta «C» (n = 30).
Y 59 (65,55 %) xeopux rpyn «A», «B» i «C» BUSBUAM KNiHIYHY CUMNTOMATKKY NeYiHKoBOI eHuedanonarii -1V cTyneHi. Y
rpyni koHTponto gocnigunu M 30 nomepnux (Bikom 59,0 + 2,5 poky) Bi rocTpoi cepLeBo-CyAMHHOI HEAOCTAaTHOCTI, B SIKUX He
ZiarHocTyBasm 3aXBOPHOBaHHS NeYiHKM abo iHTOKCUKaLto. Y KOXKHOMY BUNaaKy BUKOHAIM PETPOCNEKTUBHUIA aHani3 KMiHiYHUX
i nabopatopHux JaHux ictopiit xeopob. Metogom V. Gutiérrez-de-Juan et al. (2017) 3 BUKopucTaHHsM peakTuBy Heccnepa
3aincHUM rictoximivHe (MX) BU3Ha4YeHHs BMICTY amiaky B napaiHOBUX 3pi3ax TKaHHM Kopy Ta 6inoi pe4oBKHY BENMKMX NiBKYMNb
ronosHoro Mo3ky (BIMIM), rinokamny, Tanamycy, cMyracToro Tina Ta Mo3odka. Y uux sigainax M BukoHanm nopiBHANbHUA
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aHani3 onTUYHOI LWinbHOcTi MX ekcnpecii amiaky B n'sTW CTaHAAPTM30BaHKX Nonsix 30py (Mpu 36inbLueHHi x200) mikpockona
Scope A1 «Carl Zeiss» (Germany) 3 kamepoto Jenoptik Progres Gryphax 60N-C1 J; y koxxHomy Bigaini 'M y asagusaTv ctaH-
[apTM30BaHMX Nonsx 3opy 3i 3binbLueHHaM x400 obpaxyBanu KinbkicTe acTpoumTie Anbureimepa 2 Tuny (AA2).

Pesynbratu. 3aBaskv 3acTocyBaHHio X MeToay BUSIBNIEHHS aMiaky B HEPBOBIl TKaHWHI 3 BUKOPUCTaHHAM peakTisy Heccrnepa
3a V. Gutiérrez-de-Juan et al. (2017) Bu3HaumMnu perioH-3anexHy ApiOHO3ePHUCTY EKCNPECito amiaky B HEMpOnini TKaHUHK
™M nomepnunx KOHTPOMbLHOI rpynu Ta momepnmx xsopvx Ha LIM. Y nomepnnx KOHTPOMBHOI rpynu BUSIBUNW Oyxe Hu3bky MX
€KCMPEeCito amiaky 3 BiJHOCHO BULLMMU 3HAYEHHAMU B MO30YKY, Tanamyci Ta CMyractomy Tini, Ky 3a rpaaauieto, Lo 3acTocy-
Banu, BU3HauMnu sk HeratveHy. [MigeuiieHy X ekcnpecito amiaky (MOpIBHAHO 3 rpynoto KOHTPOI) BCTAHOBMIW B MOMEPNX
XBOpMX Ha komneHcosanui LM rpynu «A» B kopi BINTM, Tanamyci, cMyractomy Tini Ta MO304KY; B MOMEPRMX MaLlieHTiB i3
cybkomneHcoBaHuM LI rpynn «By» — Takox y 6inivi peyoswuHi BINTM i rinokamni. Y nomepnux XxBopux Ha AeKOMNEHCOBaHUI
LM rpynn «C» y MO304Ky, Tanamyci Ta cmyractomy Tini X ekcnpecist amiaky nigsuieHa MakcumansHo (y 6,18, 5,72 ta 5,50
pa3a BignosigHo). Mix nocmeptHm cTeneHem IMX ekcnpecii amiaky B TkaHuHi M Ta oCTaHHIMY NPUXUTTEBUMM NOKa3HUKaMn
piBHS 3aranbHoro 6inipyBiHy, ACAT, AnAT, anbOyMiHy, NefkoLMTapHOro iHAEKCY IHTOKCHKALLT B KDOBI XBOPWX BUSIBUMW 3HAYYLLL
KOpEensLjiHi 38’A3KM.

Y nomeprnux xsopux Ha komneHcosaHwii LIM y Tanamyci, cMyractomy Tini Ta MO304Ky BCTAHOBUIM MiABMLLEHY (LLOAO KOHTPOTHO)
Kinbkictb AA2, Wwo signosigana | ctynexto AA2-actpounTosy. Y noMepnnx XBopyx Ha cybkomneHcosanui LM AA2-actpountos
nomipHoro Il cTynens Busisunm B kopi BINTM, Tanamyci Ta Mo304Ky; AA2-acTpoLnTo3 | CTyneHs — B CMyracToMy Tifi. Y noMepnnx
nauieHTis i3 agekomneHcosaHum LIM Bupaxenun AA2-actpoumtos |l ctyneHs BusHaumnu B kopi BMNTM, Tanamyci, cmyractomy
Tini Ta Mo3ou4ky; AA2-acTpoumTosd nomipHoro |l ctyneHs 3adikcyBanu B Ginii pevosuHi BINIM, cnabkuin AA2-actpouuTos |
CTyneHs — B rinokamni. KopensuiinHuin aHania noka3as HasiBHICTb CepeaHbOro, CUIbHOTO Ta AYXe CUbHOTO NO3UTUBHOTO 3B's13KY
MiXX cepeaHiMu KinbkicHUMM nokasHukammn AA2-actpounTosy Ta X ekcripecieto amiaky B Tanamyci, CMyractoMy Tifli Ta MO30UKY.

BucHoBku. Y nomepnux xsopux Ha LIM rpyn «Ax», «B» i «C» cTyniHb X ekcnpecii amiaky B HeMponini TKAHWHW MO304Ka,
Tanamycy, cMyractoro Tina Ta kopv BIMI'M npsamo kopentoe 3i ctyneHem TsxkocTi LIM 3a Yaing-'to, gocsaraioym makcumy-
my npu Tspkkomy LM knacy C, mae 3HavyLi KopensuiviHi 38'a3k1 3 piBHEM 3aranbHoro BinipybiHy, ACAT, AnAT, anbbymiHy,
NEeNKOLMTapHOro iHAEKCY IHTOKCHKaLi B KPOBi XBOpYMX. 13 nporpecyBaHHAM TskkocTi LIM crnocTepirany icToTHe nigBuLLEHHS
cTyneHst AA2-acTpounTo3dy B Tanamyci, MO304Ky, cMyracTomy Tini Ta kopi BINMM, Lo no3uTuBHO kopentosano 3i ctyneHem X

eKcnpecii amiaky B TKaHWHi Lmux Bigainis MM.

Among the main manifestations of decompensated liver
cirrhosis (LC), along with fatal complications, represent-
ed by profuse esophageal variceal bleeding and septic
conditions, severe refractory ascites, jaundice and hepatic
encephalopathy (HE) are also often observed. The latter is
the second most common complication of decompensated
LC after ascites and is typical for 3045 % of patients [1].
HE is characterized by a spectrum of neuropsychiatric
disorders from hardly noticeable to a lethal form — he-
patic coma [2]; the grade of HE is assessed from 0 to IV
according to the West Haven criteria [3]. According to the
Child—Pugh cirrhosis scoring [4] patients with subcompen-
sated cirrhosis of class B mostly manifest with “overt” HE
Il grade, while in patients with decompensated cirrhosis
of class C, severe forms of HE IlI-IV grades prevail [2].
Severe forms of HE reduce the survival rate of patients
with liver cirrhosis to 2 years [1].

The central factor in the pathophysiology of HE is the
neurotoxic effect of NH,"and NH, forms of ammonia, which
levels markedly increase in the blood of cirrhotic patients
[5]. Diffusible gaseous NH3 ammonia freely penetrates
through the blood-brain barrier (BBB), and in the ionized
form NH,* pass BBB through K+ channels and cellular
transmembrane transporters [6]. NH," and NH,, as well as
cytotoxic bile acids significantly increase in the blood and
the brain tissue [7], while both NH4* and NH, are capable to
change the pH of the cellular cytoplasm and liquid sectors
of the brain significantly [5]. In astrocytes, high ammonia
concentration and glutamate are metabolized via glutamine
synthetase in osmotically active glutamine, accumulation of
which causes astrocytes swelling and subsequent general-
ized brain edema [8]. Glutamine overloading of astrocytes
leads to its hydrolysis in mitochondria followed by releasing
of new portions of ammonia (the “Trojan horse” hypothesis)
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and reactive oxygen species [9,10]. Stimulation of benzo-
diazepine receptors by ammonia instigates an increase in
the activity of gamma-aminobutyric acid (GABA) and leads
to a neurotransmitter imbalance with a predominance of
GABAergic tone [2]. Violation of the glutamine-glutamate
astrocytic shuttle, direct ammonia inhibition of EAAT-1
(GLAST) and EAAT-2 (GLT-1) transporters contribute to
the growth of synaptic glutamate followed by persistent
depolarization of neuronal membranes, while gaining oxi-
dative stress may lead to neuronal death [9,11].

Despite the prognostic value of HE in assessing the
risk of lethal outcome in LC, its clinical diagnosis remains
low since 80 % of cirrhotic patients predominately suffer
from its covert forms [12]. Currently, a large number of
morphological studies of the brain in the experimental liver
failure contrasts sharply with single pathomorphological
studies of the human brain in cases of HE, coma, or liver
failure. The ambiguous relationship between plasma
ammonia levels and HE clinical manifestation has been
studied extensively [12] whereas pathomorphology of the
brain damage in hepatogenic neurotoxicosis is reflected
only partially in a few works of 2001-2020, indicating that
the main histopathologic hallmark for HE is the detection
of the so-called Alzheimer’s type 2 astrocytes (AA2) in the
brain [5,13-16]. Postmortem histochemical determination
of tissue ammonia in different organs was performed in
a single study of V. Gutiérrez-de-Juan et al. (2017) [17],
which showed its effectiveness in comparison with the
standard colorimetric method for ammonia detection. The
relationship of pathomorphological signs of hepatogenic
brain damage with the level of ammonia in the brain tissue,
as well as with the main intravital laboratory parameters in
deceased cirrhotic patients, has not yet been elucidated
in the literature.
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Aim

Comparative analysis of the ammonia level and Alzheimer
type 2 astrocytes in the brain cortex and white matter of
cerebral hemispheres, hippocampus, thalamus, stria-

tum and cerebellum in the deceased patients with liver
cirrhosis of classes A, B and C according to Child—Pugh.

Materials and methods

The brains and livers from 90 deceased patients (65 + 3
years) suffered from non-alcoholic LC of classes A, B, C
according to the Child—Pugh score [4], which composed
3 groups: “A” (n = 30, compensated LC), “B” (n = 30, sub-
compensated LC) and “C” (n = 30, decompensated LC),
were studied. Among noted 90 patients, 59 (65.55 %)
patients had clinical symptoms of HE grades I-IV. Cases
with comorbidity with systemic intoxication, endocrine
disorders, as well as patients cancerous and alcoholic
liver diseases, were excluded from the study. Control
group was designed from 30 patients (59.0 + 2.5 years)
who died from acute cardiovascular insufficiency and
did not suffer from liver diseases or intoxication. In each
case, a retrospective analysis of clinical and laboratory
data from case histories was carried out with an em-
phasis on the dynamics of laboratory blood parameters,
presence of HE clinical symptoms and ascites. According
to clinical data, LC was verified as viral in 64 (71.12 %)
patients, secondary biliary — in 13 (14.44 %) patients,
congestive —in 9 (10.00 %) patients, drug-induced —in 2
(2.22 %) observations and as cryptogenic—in 2 (2.22 %)
patients. In group A, LC was morphologically represented
by macronodular form in 27 (90.00 %) cases and was
accompanied by clinical symptoms of | grade HE in 8
(26.66 %) patients. In group B, LC was macronodular
in 13 (43.33 %) cases, micronodular in 4 (13.33 %)
patients, macromicronodular in 8 (26.66 %) patients,
and macronodular-septal in 5 (16.68 %) patients. In
group B, 21 (70.00 %) patients with subcompensated
LC had symptoms of I-ll grades HE. In group C, LC
was ranked as micronodular in 23 (76.66 %) patients,
macronodular in 2 (6.68 %) patients, and macromicro-
nodularin 5 (16.66 %) patients. In group C, II-Il grades
HE occurred in 23 (76.66 %) patients, and HE IV degree
(hepatic coma according to the Glasgow coma scale
[18]) developed in 7 (23.33 %) patients before death.

During the autopsy, specimens of the liver, as well as
the cortex and subcortical white matter from the frontal,
parietal, temporal and occipital lobes of the brain hemi-
spheres, hippocampus, thalamus, striatum (putamen,
globus pallidus, caudate nucleus) and the cerebellum
were taken from the deceased of 3 groups and the control
group. The choice of these brain regions is conditioned
by the previous neuroimaging and experimental studies
highlighted the presumable regional selectivity of the
brain hepatogenic toxic damage in acute and chronic
liver failure [19-21]. Pieces of the brain and liver were
fixed in 10 % buffered formalin followed by and paraffin
embedding. Serial tissue slices thickened of 4 ym were
prepared on a precision rotary microtome HM 3600
(MICROM Laborgerate GmbH, Germany); after deparaf-
fination they were stained with hematoxylin and eosin for
a general histopathological assessment.
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The levels of ammonia in deparaffinized brain sec-
tions were determined histochemically (HC) using Ness-
ler’s reagent according to the V. Gutiérrez-de-Juan et al.
(2017) method [17]. Aqueous solution of Nessler’s reagent
(potassium tetraiodomercurate dihydrate, K,Hgl,-KOH)
has pale yellow coloring; in the presence of ammonia it
becomes darker, and when high ammonia concentrations,
forms small orange-brown granules / precipitates of dif-
ferent density in the tissues [17]. In preliminary studies,
for determining the ammonia level in the brain tissue we
used 2 options for assessing the HC reaction:

1. determining the relative area of HC-positive (or-
ange-brown) granules to the area of the standardized field
of view at magnification x200 of the microscope Scope. A1
“Carl Zeiss” (Germany) with Jenoptik progress Gryphax
60N-C1"1.0x426114 (Germany) camera using Videotest-
Morphology 5.2.0.158 (VideoTest LLC) software;

2. determination of the optical density (staining
intensity) of HC-positive granules in conditional units of
optical density (CUOD) in a standardized field of view
of the same microscope at magnification x200 using
an automatic analysis system and standard plugin color
deconvolution-‘H DAB” of ImageJ software.

The results of the preliminary studies have shown that
in the dynamics of LC decompensation, the rates of optical
density of HC-positive granules changed more significant-
ly than their relative area. Therefore, for the quantitative
assessment of the brain HC reaction to ammonia, the HC
optical density values (measured in CUOD) was chosen.
At CUOD values from 0 to 20, the degree of HC ammonia
expression in the brain tissue is assessed as negative
(“-"); from 21 to 50 — as weak (“+"); from 51 to 100 — as
moderate (“++”); from 101 and above — as high (“+++”).

In each case, in the cortex and subcortical white mat-
ter of the aforementioned 4 cerebral lobes, hippocampus,
thalamus, striatum (putamen, globus pallidum, caudate
nucleus) and cerebellum, a comparative analysis of the
optical density of HC ammonia expression was performed
in five standardized fields of view (SFV) (at magnification
x200) of the microscope Scope A1 “Carl Zeiss” (Germany)
with Jenoptik camera progress Gryphax 60 N - C 1"1.0
x 426114 (Germany) using ImageJ software; in twenty
standardized fields of view (mag. of x400) of each noted
brain region, the number of Alzheimer’s type 2 astrocytes
was counted. Based on our preliminary studies, as well as
the data provided by A. N. Agarwal & D. D. Mais (2019),
according to the numbers of AA2 in SFV of the micro-
scope (at magnification x400), we designed 4 degrees
of AA2-astrocytosis: 1-5 AA2/ 20 fields of view, x400 — 0
degree of AA2-astrocytosis (absent); 6-10 AA2/ 20 fields
of view, x400 — | degree of AA2-astrocytosis (weak); 11-20
AA2/ 20 fields of view, x400 — Il degree AA2-astrocytosis
(moderate); from 21 or more AA2/ 20 fields of view, x400 —
Il degree of AA2-astrocytosis (severe).

The results were analyzed using the Statistica®
package for Windows 13.0 (StatSoft Inc., License No.
JPZ8041382130ARCN10-J). Correspondence of quan-
titative indicators to the law of normal distribution was
determined using the Kolmogorov—Smirnov test. Results
were expressed as median (Me) with range (Q1; Q3) and
as mean = standard deviation. The Mann—Whitney U-test
was used to compare two groups, and the Kruskal-Wallis
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Table 1. HC ammonia expression (in CUOD), HC ammonia scale, numbers of AA2 and AA2-score in deceased patients with LC of “A”, “B”, “C” groups

and control

Brainregion _____Parameter _____Jorowp A" JGrows" _____JGrowp'C’ | Contolgroup

29.54 (24.34; 35.12)*
.

12.50 (6.30; 14.20)*
[

12.4 7 (11.15; 16.25)
3.70 (2.90; 5.90)

0

22.48 (21.39; 33.79) *

.
3.40 (2.70; 5.20)
0

65.47 (51.71; 78.89)*

++

15.20 (12.60; 19.90)*t

64.23 (53.12; 76.07)"#
++

21.10 (15.50; 26.20)*
1

21.15 (20.22; 22.73)**
N

14.50 (7.20; 15.60)*
I

55.43 (52.61; 61.48)*
++

6.10 (4.80; 9.50) *

[

110.23 (99.22; 112.35)*

+++
35.70 (21.50; 54.10)*

18.14 (15.26; 19.53)

3.10 (1.20; 4.50)
0

11.10 (10.34; 2.26)
3.40 (1.80; 4.30)

0

17.25 (14.68; 18.72)
2.10 (1.50; 3.20)

0

19.25 (16.58; 19.72)

4.10 (3.70; 6.20)

Cerebral cortex CUOD 27.11 (23.82; 28.85)*

Ammonia scale +
AA2 numbers 3.50 (2.40; 5.20)
AA2-score 0

Cerebral subcortical CuUoD 11.23 (10.75; 15.81)

white matter0 Ammonia scale _
AA2 numbers 3.60 (2.70; 5.40)
AA2-score 0

Hippocampus CuUoD 18.12 (15.57; 19.37)
Ammonia scale -
AA2 numbers; 2.60 (1.80; 3.40)
AA2-score 0

Thalamus CuUoD 26.68 (24.72; 29.35)*
Ammonia scale +
AA2 numbers 9.30 (7.40; 10.60)*
AA2-score |

Striatum CUOD 24.37 (22.68; 28.61)*
Ammonia scale +
AA2 numbers 7.60 (6.30; 9.70) *
AA2-score |

Cerebellum CuUoD 29.27 (26.48; 31.43)*
Ammonia scale +
AA2 numbers 9.10 (7.50; 10.20)*
AA2-score |

[ I 0
55.52 (52.48; 65.57)"t
++ +++

8.30 (6.70; 10.20) * 25.20 (21.30; 45.20) *#
I I 0
67.08 (54.29; 84.27)*
++ +++ =
16.10 (14.60; 20.40)*t 32.40 (20.90; 52.20)**
[ I 0

101.56 (100.48; 103.27)*  18.46 (15.69; 18.93)
3.80 (3.20; 5.90)
122.16 (107.37; 131.27)*  19.74 (18.32; 19.83)

3.90 (3.80; 6.10)

*: reliable difference compared to control (p <0.05); t: reliable difference compared to group “A” (p < 0.05); #: reliable difference compared to groups “A” and “B” (p < 0.05);

data are presented as median with lower and upper quartiles — Me (Q1; Q3).

test was used to compare more than two groups. Cor-
relation analysis was performed using Spearman’s rank
correlation coefficient (r). The results were considered
statistically significant at the level of 95 % (p < 0.05).

Results

HC ammonia detection method with Nessler’s reagent
according to V. Gutiérrez-de-Juan et al. (2017) reveals
region-dependent, fine-grained, ammonia expression of
different optical density in the brain neuropil of deceased
cirrhotic and control patients. In the brain of deceased
patients from control (did not suffer from liver diseases),
in all six studied regions, HC ammonia expression is
weak and correspond to “negative expression” accord-
ing to ammonia scoring we used. The lowest ammonia
expression is determined in the cerebral subcortical white
matter: 11.10 (10.34; 14.26), CUOD, and the highest—in
cerebellum 19.74 (18.32; 19.83) CUOD, and thalamus:
19.25 (16.58; 19.72) CUOD (Table 1, Fig. 1).

In deceased cirrhotic patients of the three main
groups, regional heterogeneity of HC ammonia expres-
sion is also observed with its gradual proportional increase
(from LC class Ato class C) in the corresponding brain re-
gions (Table 1, Fig. 1). In compensated cirrhosis, weak HC
ammonia expression is observed in the cortex, thalamus,
striatum, and cerebellum (Table 7). In deceased patients
with subcompensated LC, moderate ammonia expres-
sion appears in the thalamus, striatum and cerebellum,
which is higher compared to group “A”. Weak ammonia
expression is observed in the cortex and hippocampus,
while negative — in the cerebral white matter (Table 1).
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In decompensated cirrhosis, among all the studied
brain regions, the highest compared to control, “A” and “B”
groups HC ammonia expression is found. The maximally
increased, strong HC expression is observed in cerebel-
lum [122.16 (107.37; 131.27), CUOD (6.18 times higher,
by 518.84 % compared to control)]; thalamus [110.23
(99.22; 112.35), CUOD (5.72 times higher, by 472.62 %)];
striatum [101.56 (100.48; 103.27), CUOD (5.50 times
higher, by 450.16 %)]. Moderate HC expression is noted
in the cortex [64.23 (53.12; 76.07), CUOD (3.54 times
higher, by 254.07 % compared to control)], and hippocam-
pus [55.43 (52.61; 61.48), CUOD (3.21 times higher, by
221.23 %)]; and weak HC expression is observed in the
white matter [21.15 (20.22; 22.73), CUOD (1.90 times
higher, by 90.54 % compared to control)] (Table 1).

Histopathological examination of 6 brain regions of
90 deceased cirrhotic patients of groups “A”, “B” and “C”,
revealed astrocytes with specific morphotype, so-called
Alzheimer type 2 astrocytes, which are well distinguish-
able when stained with hematoxylin-eosin, as well as in
the HC ammonia reaction (Fig. 2, 3, 4). They have an
enlarged, watery, vacuolated nucleus with a prominent
nucleolus adjacent to the nuclear membrane as well as
peripherally localized punctate chromatin accumulations
beside the nucleolemma. The nuclei of AA2 can be very
large and at least 2 times the size of the nuclei of neigh-
boring oligodendrocytes, while the cytoplasm of AA2 is
represented by an inconspicuous rim (“naked nuclei”).
AA2 are often arranged in pairs, sometimes forming
astrocytic triplets. In the brain of deceased patients of
control group, such astrocytes in different brain regions
are observed in single numbers / 20 SFV, which corre-
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sponds to “0” degree of AA2-astrocytosis according to the
scale we used (Table 1).

According to ultrastructure analysis performed as
early as 1987 [22], at the first stages of AA2 formation, the
cytoplasmic volume of AA2 increases due to mitochondrial
and granular / smooth endoplasmic reticulum hyperplasia,
appearing of lipofuscin inclusions, accumulation of glyco-
gen in the cytoplasm and the nucleus. Subsequently, a
noticeable rarefaction of nuclear chromatin occurs with
the formation of clumpy clusters under the nucleolem-
ma. When metabolic potential depletion of AA2 finally
reaches its extreme, pronounced hydropic degeneration
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Fig. 1. HC ammonia expression, expressed in CUOD in different brain regions of
deceased cirrhotic patients with compensated (group “A”), subcompensated (group “B”)
and decompensated (group “C”) LC and control values.

Fig. 2. Weak HC ammonia expression with presence of AA2-astrocytes (arrows) in the
cortex of deceased patient with compensated cirrhosis of group “A”. HC reaction with
Nessler’s reagent. Mag. x200.

Fig. 3. Moderate HC ammonia expression with presence of AA2-astrocytes (arrows) in
the cortex of deceased patient with subcompensated cirrhosis of group “B”. HC reaction
with Nessler’s reagent. Mag. x200.

Fig. 4. Strong HC ammonia expression with presence of AA2-astrocytes (arrows) in the
cortex of the patient with decompensated cirrhosis of group “C” died in hepatic coma.
HC reaction with Nessler’s reagent. Mag. x200.

of the nucleus, mitochondria and vacuolization of the
cytoplasm appear.

With exacerbation of LC, in deceased patients of “A”,
“B”, and “C” groups, a gradual region-dependent increase
in numbers of AA2 astrocytes is observed in the following
brain regions in descending order: thalamus, cerebellum,
striatum, cortex, white matter, hippocampus (Table 7). In
compensated LC, increased numbers of AA2 are found in
thalamus, striatum and cerebellum, which corresponds to
AA2-astrocytosis of weak (I degree). In subcompensated
LC, a moderate (Il degree) AA2-astrocytosis is noted in
the cortex, thalamus and cerebellum, herewith in the two
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Table 2. In vivo blood laboratory parameters in patients with liver cirrhosis of groups “A”, “B” and “C”

Parametes,unts of measurement Group“a” ___JGrowp8" ____JGroup"C | Control growp

Albumin (Alb), g/L 37.00 (36.30; 45.20) 33.20 (30.50; 35.30)* 25.70 (22.40; 32.20)* 43.00 (36.50; 46.30)
Bilirubin total (Bil), umol/L 21.57 (20.65; 32.84)* 82.41 (46.83; 97.72) * 172.12 (122.52; 315.23)* 11.23 (9.35; 16.43)
AST (aspartate aminotransferase), umol/(secxL) 0.46 (0.38; 0.55) 0.92 (0.82; 1.34)* 2.25(1.72; 2.93) * 0.23 (0.18; 0.37)
ALT (alanine aminotransferase), pmol/(secxL) 0.35(0.29; 0.71) 0.75 (0.57; 1.12)* 1.74 (1.33; 2.25)* 0.34 (0.20; 0.55)
LIl (leukocytic intoxication index by Kalf-Kalif formula), units ~ 0.65 (0.57; 1.47) 0.93 (0.74; 1.78) 1.92 (1.57; 2.97) 0.52 (0.34; 1.12)

*: significant differences relative to the control (p < 0.05); data are presented as median with lower and upper quartiles — Me (Q1; Q3).

latter, the indicators are higher than those in control and
group “A” (p < 0.05). Weak (I degree) AA2-astrocytosis
is determined in the striatum (Table 7).

In decompensated LC, the highest AA2-astrocyto-
sis of Il degree is determined in the cortex, thalamus,
striatum, cerebellum; moderate (Il degree) — in the
white matter, wherein indicators are higher than control,
“A” and “B” groups values (p < 0.05). Weak (I degree)
AA2-astrocytosis is observed in hippocampus, where
indicators differ only from the control. In patients with
decompensated LC, AA2-astrocytosis average values
are higher compared to control: in thalamus — 8.71
times; in cerebellum — 8.30 times; in cortex — 6.81 times;
in striatum — 6.63 times, in white matter — 4.26 times, in
hippocampus — 2.90 times (Table 1).

Correlation analysis revealed moderate, strong, and
very strong positive relationship between the average
number of AA2 and indicators of HC ammonia expression
in the thalamus, striatum, and cerebellum. Thus, in the
thalamus from patients of group “A”, the correlation co-
efficient (r) between these parameters is 0.52 (p < 0.05),

Correlation analysis confirmed the presence of
positive relationships between the morphological mani-
festations of elevated tissue ammonia (HC ammonia
expression, AA2-astrocytosis degree) in deceased
patients of groups “A”, “B”, “C” and their intravital labo-
ratory parameters of liver failure, which contributed to
hyperammonemia.

In deceased patients with compensated LC, a positive
weak relationship exists between the ratio of total plasma
bilirubin and HC ammonia expression, as well as indica-
tors of AA2-astrocytosis (Bil/A ., Bil/AA2) in the cortex,
thalamus, striatum and cerebellum.

In deceased patients with subcompensated LC, a
positive moderate relationship exists between the plasma
total bilirubin, HC ammonia expression, and AA2-astro-
cytosis in the cortex, thalamus and cerebellum. In the
thalamus, a moderate positive correlation takes place
for AST/AA2. Weak positive correlation takes place
in the cortex — between AST/A , ..; AST/AA2; ALT/

cuoD’
AA2; LII/ : LII/AA2; in white matter — AST/A

ACUOD’ CUOD’

the hippocampus — Bil/AA2; in thalamus — AST/A

CUOD’

in the group “B”—r=0.68 (p < 0.05), group “C" —r=0.92 ALT/, oo ALTIAAZ; LI, o LIVAAZ; in striatum —Bil/A
(p < 0.05). In the striatum from patients of group “A” Bill/AA2; ASTI,,ops ASTIAA2; ALT/IAAZ; LI/, 0 LIV
r=0.47 (p < 0.05), group “B"-r=0.61(p <0.05), group  AA2;inthe cerebellum-AST/A ., AST/AA2, ALT/, . o
“C" —r=0.79 (p < 0.05). In the cerebellum of patients ~ ALT/AA2; LI/, .; LIAA2. In the thalamus, a negative

of group “A” —r = 0.75 (p < 0.05), group “B” —r = 0.86
(p <0.05), group “C” —r=10.93 (p < 0.05). Moderate and
weak correlation is observed in the cortex and white
matter, as well as in the hippocampus. In the cortex
from patients of group “A”, the correlation coefficient (r)
between these indicators is 0.63 (p < 0.05), group “B”
—r1=0.48 (p < 0.05), group “C" —r = 0.47 (p < 0.05). In

weak correlation exists between Alb/AA2.
In deceased patients with decompensated LC, a very
strong positive correlation takes place in the cortex — Bil/
Ao BillAAZ; in thalamus — Bil/A ,,; Bil/AA2; in cere-
bellum - Bil/A; Bil /AA2. Strong negative correlation
is noted: in the cortex — Alb/AA2; in thalamus — Alb/AA2;

in cerebellum — Alb/A ., .; AIb/AA2. Strong positive cor-

CcuoD’

the hippocampus from patients of group “A”, the corre- relation is present in the cortex — AST/,, s AST/AAZ;
lation coefficient r = 0.41 (p < 0.05), group “B"—r=0.65  LIl/,; LIVAA2; in thalamus — AST/A,,,,; AST/AA2;
(p < 0.05), group “C”" —r = 0.43 (p < 0.05). In the white  ALT/AA2; LI/, ..: LIFAA2; in striatum — Bil/A_,,; Bil/

matter from deceased patients of group “A” — r = 0.51
(p < 0.05), group “B” —r = 0.52 (p < 0.05), group “C" —
r=0.39 (p <0.05).

An analysis of the latest intravital laboratory para-
meters from the case histories of cirrhotic patients showed
that in compensated patients there is upward trend for
the blood total bilirubin, AST, ALT, as well as downward
trend for albumin levels. These trends progress in patients
with subcompensated LC and reach maximum values in
patients with decompensated cirrhosis and hepatocellular
insufficiency (Table 2). The leukocytic intoxication index
(LI, calculated according to Y. Y. Kalf-Kalif's formula, in
patients with compensated and subcompensated cirrhosis
tends to increase by 25.00 % and 78.84 %, respectively
compared to control; in patients with decompensated
cirrhosis, this indicator was increased by 3.69 times (by
269.23 %) compared to control group (Table 2).
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AA2; AST/AA2; in the cerebellum —AST/A s AST/AA2;
ALT/AA2. Moderate positive correlation is observed in the
cortex — ALT/A , ,p: in hippocampus — Bil/A,.; Bil/AA2;

in striatum — AST/A ., ; ALT/AA2; in cerebellum — ALT/

CuUoD’
Acyop LIVA oo LIFAA2. Moderate negative correlation is
presentin the cortex —Alb/A

cuoD’
cuops IN thalamus —Alb/A,
in the striatum — Alb/AA2.

CuoD?

Discussion

Over the last decade, it has been proven that neurotoxic
effect of ammonia is the key factor in the HE pathophysio-
logy. Considering pathological data, HE is classified on
three types: type A — occurs in acute liver failure; type B
— develops as a result of portosystemic shunting (e. g.,
transjugular intrahepatic portosystemic shunting); type
C — develops with LC [23]. During significant hyperam-
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monemia in patients with LC, the level of both ionized
NH,"and gaseous NH, ammonia forms increases in the
blood and brain tissue [5-7]. High ammonia levels in the
brain of cirrhotic patients was confirmed using dynamic
3NH,-positron emission tomography [5].

Alarge amount of ammonia is produced in the intes-
tine during the degradation of urea, digestion of proteins
and the deamination of amino acids. High concentrations
of intestinal ammonia are absorbed into the portal vein,
and then in the liver, up to 80 % of circulating ammonia
is extracted via its conversion to urea in the periportal
hepatocytes and the formation of glutamine in the pe-
rivenous hepatocytes. A minor part of the circulating
ammonia is metabolized in skeletal muscles, where
glutamine is formed with the participation of glutamine
synthetase [2]. In cirrhotic patients, significant increase
in blood ammonia occurs with porto-systemic shunting
and decrease in the metabolic activity of hepatocytes [5].
Moreover, in chronic liver failure, increased reabsorption
of conjugated bile acids from the intestinal lumen occurs,
while increased intestinal pH contributes to the conversion
of the predominant intestinal ionized ammonium (NH,")
into the easily diffusing gaseous form (NH,) leading to
increased blood and brain ammonia levels and correlating
with HE severity [7].

HE more often develops in alcoholic cirrhosis, se-
vere portal hypertension, in combination with metabolic
syndrome and kidney disease, as well as when cirrhotic
patients take proton pump inhibitors, opiates, GABAer-
gic drugs and benzodiazepines [24]. HE is a prognostic
marker of imminent threat of death in cirrhotic patients.
When cirrhosis is compensated, the average survival of
patients exceeds 12 years, while with its decompensation,
determined by the development of HE, jaundice, ascites
and variceal bleeding, the average survival declining to
2 years [1].

In HE pathogenesis, the main attention is turned to
the systemic toxic effects of ammonia, which disrupts
BBB functions, promotes neuroinflammation, astrocytes
swelling, affects pH and brain cellular membrane potential,
violates neurotransmission, changes intercellular commu-
nication and causes clinical manifestations of HE [2,5].

Despite the key role of ammonia in HE, determination
of blood ammonia in cirrhotic patients has shown conflict-
ing and heterogeneous results, which can be explained by
the incomplete compliance of researchers with the difficult
technological protocol for its laboratory determination
[12,25]. Number of studies have not confirmed a direct
relationship between plasma ammonia and HE develop-
ment. In some patients with cirrhosis, blood ammonia may
be within normal limits, while in other patients with mild,
minimal HE or its absence ammonia may be high [26]. By
results of other studies [27], in severe forms of HE, blood
ammonia rarely remains within conventionally normal va-
lues. Probably, given the ambiguity of the aforementioned
results AASLD and Choosing Wisely Campaign-2017
protocols does not recommend mandatory testing of blood
ammonia to make or exclude the diagnosis of HE [12].

The relationship of neuropathological manifestations
of hepatotoxic brain damage with the cerebral ammonia
is not reflected in the literature, and its histochemical de-
tection in paraffin sections of various organs is described
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only in one study [17]. We have managed to reproduce
proposed by V. Gutiérrez-de-Juan et al. in 2017 [17]
HC method for ammonia determination in the brain of
cirrhotic patients. Our results have showed that among
six studied brain regions, the cerebellum, thalamus and
striatum are the richest with ammonia. Increased HC
ammonia expression (compared to control) is observed
in deceased patients with compensated LC, in the cortex,
thalamus, striatum and cerebellum; in deceased patients
with subcompensated LC, HC ammonia expression is
increased in all six studied brain regions. In deceased
patients with decompensated cirrhosis, in the cerebellum,
thalamus and striatum the level of HC ammonia increases
maximally. A significant increase in brain ammonia level
in patients with decompensated LC may be due to the
presence of the largest number of cases with severe
forms of HE including hepatic coma in this group, as
well as increased BBB permeability for ammonia due
to neurotoxicosis occurred with multiple organ failure in
this category of patients. Among the studied brain re-
gions, hippocampus and white matter shows the lowest
ammonia values, as well as weak correlations between
neuropathological and intravital laboratory parameters.
The revealed heterogeneity of ammonia levels in different
brain regions is most likely due to the initially different
levels of enzymes involved in ammonia metabolism, as
well as different levels of glutamate, dopamine, GABA,
and other neurotransmitters associated with ammonia
metabolism.

Neuropathological changes characteristic for HE
in conjunction with in vivo increased blood ammonia
have been described in a few works. Hyperammonemia
causes astrocytes swelling and increase in AA2 numbers
[16], stimulates Iba1+ microglia activation [28], disrupts
synapse architecture and structure of neurons, contrib-
uting to their death [5]. In cirrhotic patients, after several
episodes of coma, spongy degeneration can develop
in the deep cortical layers, basal ganglia and cerebel-
lum, as well as demyelination of straight and crossed
cortical-spinal tracts, leading to paralysis of the lower
extremities; deficiency of dopaminergic neurons leading
to parkisonism [5]. Experimental hyperammonemia at rats
reduces density of dendritic spines sensorimotor cortical
layer V and pyramidal neurons of hippocampal CA1 [29].

We have confirmed the data [14,16] that hepatogenic
damage induces formation of the so-called Alzheimer type
2 astrocytes in significant quantities, which were described
for the first time in 1912 by von Hosslin and Alzheimer and
since 1936 have been considered as the histopathological
hallmark of HE [16]. In our study, in deceased patients with
compensated cirrhosis, a significant increase in numbers
of AA2 is found in the thalamus, striatum, and cerebellum.
In deceased patients with subcompensated cirrhosis,
pronounced AA2-astrocytosis is determined in the cortex,
thalamus, striatum and cerebellum; moderate AA2-astro-
cytosis occurs in the white matter, and mild AA2-astrocyto-
sis occurs in the hippocampus. The relationship between
AA2-astrocytosis and HC ammonia expression in the
same brain regions is confirmed by correlation analysis,
which shows the presence of a moderate, strong, and very
strong positive relationship between these indicators in
the thalamus, striatum, and cerebellum.
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AA2-astrocytosis in different brain regions which
increases with the severity of LC, could be explained by
the peculiarities of the intensive ammonia metabolism
in the brain during hyperammonemia. As the excess of
brain ammonia is metabolized in astrocytes with synthe-
sis of osmotically active glutamine, the accumulation of
the latter causes swelling of astrocytes and their nuclei
[8], as well as glutamine hydrolysis in mitochondria
with the release of new amounts of ammonia [9]. In our
opinion, the presence of AA2 in the brain of cirrhotic
patients reflects the transformation of astrocytes, which
is characteristic of hyperammonemia due to a persis-
tent high level of osmotically active glutamine in them;
therefore, astrocytes swollen due to osmotic imbalance
are not strictly specific cells for only HE. It is in line with
A. N. Agarwal i D. D. Mais (2019) [16], who emphasized
that astrocytes AA2 are regular and highly sensitive
findings in HE. Morphologically similar AA2-astrocytosis
has also been described in other critical conditions ac-
companied by acute ion-osmotic imbalance [16,30,31].

Analysis of clinical and laboratory data revealed that
the most significant correlations take place between ele-
vated blood levels of total bilirubin, AST, ALT, LII, as well
as hypoalbuminemia and the HC ammonia expression,
as well as AA2-astrocytosis in the patient’s brain. The
strongest correlations between these parameters can
be traced in the cerebellum, thalamus, striatum, and
cortex; a correlation of lesser strength takes place in the
white matter and hippocampus. The elevated leukocytic
intoxication index in decompensated cirrhotic patients,
as well as a significant direct correlation of its level with
the HC ammonia expression and AA2-astrocytosis in
all six brain regions confirm the contribution of systemic
neurotoxicosis and neuroinflammation to the complex
pathogenesis of HE in cirrhosis [32].

Conclusions

1. Histochemical method of the ammonia detection
in the nervous tissue using the Nessler’s reagent (ac-
cording to V. Gutiérrez-de-Juan et al., 2017) determines
an increased region-dependent fine-grained expression
of ammonia in the neuropil of different brain regions in
deceased patients with liver cirrhosis.

2. In deceased cirrhotic patients, histochemical am-
monia expression in the tissue neuropil of the cerebellum,
thalamus, striatum, and cerebral cortex directly correlates
with the severity of Child-Pugh score, reaching a maxi-
mum in severe class C liver cirrhosis, and possessing
significant correlations with intravital blood total bilirubin,
AST, ALT, albumin, leukocytic intoxication index. In the
cerebellum, thalamus, and striatum of the deceased
cirrhotic patients of class C, the histochemical ammonia
expression is maximally increased (by 6.18, 5.72, and
5.50 times, respectively) in comparison with similar brain
regions of deceased patients who did not suffer from
liver diseases.

3. With progression of liver cirrhosis, the maximal
increase in Alzheimer2-astrocytosis in the thalamus,
cerebellum, striatum and cerebral cortex is observed,
which directly correlates with histochemical ammonia
expression in the same brain regions.
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OpwuriHaAbHI AOCAIAKEHHSA

4. An increased histochemical ammonia expression
and Alzheimer-2-astrocytosis in the cerebral cortex,
thalamus, striatum and cerebellum in deceased patients
with intravitally elevated blood levels of total bilirubin, AST,
ALT, leukocytic intoxication index and hypoalbuminemia
may be used as the pathomorphological confirmation of
hepatogenic toxic damage of the brain.

Prospects for further research. Further study on
regional ammonia brain level in other life-threatening so-
matogenic toxic states, as well as its correlation with central
astroglial markers are needed to improve our knowledge
on the brain cellular responsibility in patho- and morpho-
genesis of acute and chronic metabolic encephalopathies.

Funding

This study was conducted in the framework of the scientific
research work of Zaporizhzhia State Medical University
“Morphogenesis of destructive-reparative processes of the brain
in diseases of vascular and toxic-metabolic genesis”,

state registration No. 0118U004253 (2018-2022) of the
Ministry of Health of Ukraine.

Conflicts of interest: authors have no conflict of interest to declare.
KoHAIKT iHTepeciB: BiACYTHIl.

Haaifiwaa po pepaxuii / Received: 20.01.2023
Nicas poonpavoBaHHs / Revised: 28.02.2023
MpuiHaATo A0 Apyky / Accepted: 03.03.2023

Information about authors:

Shulyatnikova T. V., MD, PhD, Associate Professor of the
Department of Pathological Anatomy and Forensic Medicine,
Zaporizhzhia State Medical University, Ukraine.

ORCID ID: 0000-0002-0196-9935

Tumanskyi V. 0., MD, PhD, DSc, Professor of the Department
of Pathological Anatomy and Forensic Medicine, Vice-Rector
for Research, Zaporizhzhia State Medical University, Honorary
Scientist and Engineering Worker of Ukraine.

ORCID ID: 0000-0001-8267-2350

BipomocrTi npo aBTOpIB:

LLyaaTHikoBa T. B., KaHA. MEA. HayK, AOLEHT Kad. NaToAOriyHOi
aHaToMIii i CyAOBOT MEAULIMHM, 3an0opi3bKNUiA AEPXaBHUNA MEANYHUI
yHiBepcuTeT, YkpaiHa.

TymaHcbkuii B. 0., A-p MeA. Hayk, npodecop kad. NatoAoriuHol
aHaToMii i CyAOBOT MEAMLIMHM, NPOPEKTOP 3 HAYKOBOT PO6OTH,
3anopi3bkni AepXKaBHUA MEAUYHWI YHIBEPCUTET, 3aCAYXEHUH Ay
HayKM i TeXHiK1 YKpaiHu.

References

[1] Bohra, A., Worland, T., Hui, S., Terbah, R., Farrell, A., & Robert-
son, M. (2020). Prognostic significance of hepatic encephalopathy in
patients with cirrhosis treated with current standards of care. World
Jjournal of gastroenterology, 26(18), 2221-2231. https://doi.org/10.3748/
Wjg.v26.i18.2221

[2] Shulyatnikova, T. V., & Shavrin, V. A. (2017). Modern view on hepatic
encephalopathy: basic terms and concepts of pathogenesis. Pathologia,
14(3), 371-380. https://doi.org/10.14739/2310-1237.2017.3.118773

[3] Ferenci, P. (2017). Hepatic encephalopathy. Gastroenterology report,
5(2), 138-147. https://doi.org/10.1093/gastro/gox013

[4] Wan,S.Z, Nie, Y., Zhang, Y., Liu, C., & Zhu, X. (2020). Assessing the
Prognostic Performance of the Child-Pugh, Model for End-Stage Liver
Disease, and Albumin-Bilirubin Scores in Patients with Decompensated
Cirrhosis: A Large Asian Cohort from Gastroenterology Department. Dis-
ease markers, 2020, 5193028. https://doi.org/10.1155/2020/5193028

[5] Butterworth, R. F. (2019). Hepatic Encephalopathy in Cirrhosis: Pa-
thology and Pathophysiology. Drugs, 79(Suppl 1), 17-21. https://doi.
org/10.1007/s40265-018-1017-0

ISSN 2306-8027  http://pat.zsmu.edu.ua

43


https://orcid.org/0000-0002-0196-9935
https://orcid.org/0000-0001-8267-2350
https://doi.org/10.3748/wjg.v26.i18.2221
https://doi.org/10.3748/wjg.v26.i18.2221
https://doi.org/10.14739/2310-1237.2017.3.118773
https://doi.org/10.1093/gastro/gox013
https://doi.org/10.1155/2020/5193028
https://doi.org/10.1007/s40265-018-1017-0
https://doi.org/10.1007/s40265-018-1017-0

44

Original research

(6]

Y

(8]

Bl
[10]

("

(12

[13]

(4]

[19]

[16]

(171

(18]

[19]

(20]

[21]

[22]

(23]

[24]

ISSN 2306-8027

Adlimoghaddam, A., Sabbir, M. G., & Albensi, B. C. (2016). Ammonia as
a Potential Neurotoxic Factor in Alzheimer’s Disease. Frontiers in mo-
lecular neuroscience, 9, 57. https://doi.org/10.3389/fnmol.2016.00057
Xie, G., Wang, X., Jiang, R., Zhao, A., Yan, J., Zheng, X., Huang, F.,
Liu, X., Panee, J., Rajani, C., Yao, C., Yu, H., Jia, W., Sun, B., Liu, P,,
& Jia, W. (2018). Dysregulated bile acid signaling contributes to
the neurological impairment in murine models of acute and chronic
liver failure. EBioMedicine, 37, 294-306. https://doi.org/10.1016/j.
ebiom.2018.10.030

Jayakumar, A. R., & Norenberg, M. D. (2018). Hyperammonemia in He-
patic Encephalopathy. Journal of clinical and experimental hepatology,
8(3), 272-280. https://doi.org/10.1016/j.jceh.2018.06.007

Lu, K. (2023). Cellular Pathogenesis of Hepatic Encephalopathy: An Up-
date. Biomolecules, 13(2), 396. https://doi.org/10.3390/biom 13020396
Gorg, B., Karababa, A., Schiitz, E., Paluschinski, M., Schrimpf, A., Sha-
figullina, A., Castoldi, M., Bidmon, H. J., & Haussinger, D. (2019). O-Glc-
NAcylation-dependent upregulation of HO1 triggers ammonia-induced
oxidative stress and senescence in hepatic encephalopathy. Journal of
hepatology, 71(5), 930-941. https://doi.org/10.1016/}.jhep.2019.06.020
Angelova, P.R., Kerbert, A. J. C., Habtesion, A., Hall, A., Abramov, A. Y.,
& Jalan, R. (2022). Hyperammonaemia induces mitochondrial dysfunc-
tion and neuronal cell death. JHEP reports: innovation in hepatology,
4(8), 100510. https://doi.org/10.1016/j.jhepr.2022.100510
Deutsch-Link, S., Moon, A. M., Jiang, Y., Barritt, A. S., 4th, & Tap-
per, E. B. (2022). Serum Ammonia in Cirrhosis: Clinical Impact of
Hyperammonemia, Utility of Testing, and National Testing Trends.
Clinical therapeutics, 44(3), e45-e57. https://doi.org/10.1016/}.clin-
thera.2022.01.008

Ma, K. C. (2001). Alzheimer-type | astrogliopathy (AlA) and its implica-
tions for dynamic plasticity of astroglia: a historical review of the signif-
icance of AIA. Journal of neuropathology and experimental neurology,
60(2), 121-131. https://doi.org/10.1093/jnen/60.2.121

Gelpi, E., Rahimi, J., Klotz, S., Schmid, S., Ricken, G., Forcen-Vega, S.,
Budka, H., & Kovacs, G. G. (2020). The autophagic marker p62 high-
lights Alzheimer type Il astrocytes in metabolic/hepatic encephalopathy.
Neuropathology, 40(4), 358-366. https://doi.org/10.1111/neup.12660
Norenberg, M., Tong, X., Shamaladevi, N., Ahmad, A., Arcuri, J., Meh-
ran, T., & Jayakumar, A. (2019). P: 78 Mechanism of Alzheimer Type Il
Astrocyte Development: Implication for the Defective Neuronal Integrity
and Neurobehavioral Deficits Associated With Chronic Hepatic En-
cephalopathy. American Journal of Gastroenterology, 114(1), S38-S39.
https://doi.org/10.14309/01.ajg.0000582288.72427.46

Agarwal, A. N., & Mais, D. D. (2019). Sensitivity and Specificity of
Alzheimer Type Il Astrocytes in Hepatic Encephalopathy. Archives
of pathology & laboratory medicine, 143(10), 1256-1258. https://doi.
org/10.5858/arpa.2018-0455-0A

Gutiérrez-de-Juan, V., Lépez de Davalillo, S., Fernandez-Ramos, D.,
Barbier-Torres, L., Zubiete-Franco, |., Fernandez-Tussy, P., Simon, J.,
Lopitz-Otsoa, F., de Las Heras, J., Iruzubieta, P., Arias-Loste, M. T.,
Villa, E., Crespo, J., Andrade, R., Lucena, M. I., Varela-Rey, M.,
Lu, S.C., Mato, J. M., Delgado, T. C., & Martinez-Chantar, M. L. (2017).
Amorphological method for ammonia detection in liver. PloS one, 12(3),
€0173914. https://doi.org/10.1371/journal.pone.0173914

Mehta, R., GP trainee, Chinthapalli, K., & consultant neurologist (2019).
Glasgow coma scale explained. BMJ (Clinical research ed.), 365, 11296.
https://doi.org/10.1136/bm;j.11296

Zhu, L., Zhang, W., Chen, L., Ren, Y., Cao, Y., Sun, T., Sun, B., Liu, J.,
Wang, J., & Zheng, C. (2022). Brain Gray Matter Alterations in Hepatic
Encephalopathy: A Voxel-Based Meta-Analysis of Whole-Brain Studies.
Frontiers in human neuroscience, 16, 838666. https:/doi.org/10.3389/
fnhum.2022.838666

Wang, M., Cui, J., Liu, Y., Zhou, Y., Wang, H., Wang, Y., Zhu, Y., Ngu-
chu, B. A, Qiu, B., Wang, X., &Yu, Y. (2019). Structural and functional
abnormalities of vision-related brain regions in cirrhotic patients: a
MRI study. Neuroradiology, 61(6), 695-702. https:/doi.org/10.1007/
500234-019-02199-9

Lu, C. Q. Jiao, Y., Meng, X. P, Cai, Y., Luan, Y., Xu, X. M., &
Ju, S. (2018). Structural change of thalamus in cirrhotic patients with or
without minimal hepatic encephalopathy and the relationship between
thalamus volume and clinical indexes related to cirrhosis. Neurolmage.
Clinical, 20, 800-807. https://doi.org/10.1016/}.nicl.2018.09.015
Norenberg, M. D. (1987). The role of astrocytes in hepatic encephalop-
athy. Neurochemical pathology, 6(1-2), 13-33. https://doi.org/10.1007/
BF02833599

Swaminathan, M., Ellul, M. A, & Cross, T. J. (2018). Hepatic encepha-
lopathy: current challenges and future prospects. Hepatic medicine: ev-
idence and research, 10, 1-11. https://doi.org/10.2147/HMER.S118964
Tapper, E. B., Henderson, J. B., Parikh, N. D., loannou, G. N., &
Lok, A. S. (2019). Incidence of and Risk Factors for Hepatic Enceph-
alopathy in a Population-Based Cohort of Americans With Cirrhosis.
Hepatology communications, 3(11), 1510-1519. https://doi.org/10.1002/
hep4.1425

http://pat.zsmu.edu.ua

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Goldstein, B. N., Wesler, J., Nowacki, A. S., Reineks, E., & Nato-
wicz, M. R. (2017). Investigations of blood ammonia analysis: Test
matrices, storage, and stability. Clinical biochemistry, 50(9), 537-539.
https://doi.org/10.1016/j.clinbiochem.2017.01.002

Haj, M., & Rockey, D. C. (2020). Ammonia Levels Do Not Guide Clinical
Management of Patients With Hepatic Encephalopathy Caused by
Cirrhosis. The American journal of gastroenterology, 115(5), 723-728.
https://doi.org/10.14309/ajg.0000000000000343

Vierling, J. M., Mokhtarani, M., Brown, R. S., Jr, Mantry, P., Rock-
ey, D. C., Ghabril, M., Rowell, R., Jurek, M., Coakley, D. F., &
Scharschmidt, B. F. (2016). Fasting Blood Ammonia Predicts Risk
and Frequency of Hepatic Encephalopathy Episodes in Patients With
Cirrhosis. Clinical gastroenterology and hepatology, 14(6), 903-906.
e1. https://doi.org/10.1016/j.cgh.2015.11.018

Jaeger, V., DeMorrow, S., & McMillin, M. (2019). The Direct Contribution
of Astrocytes and Microglia to the Pathogenesis of Hepatic Encepha-
lopathy. Journal of clinical and translational hepatology, 7(4), 352-361.
https://doi.org/10.14218/JCTH.2019.00025

Chen J. R, Wang B. N., Tseng G. F,, Wang Y. J., Huang Y. S., &
Wang T. J. (2014). Morphological changes of cortical pyramidal neu-
rons in hepatic encephalopathy. BMC Neurosci, 15, 15. https://doi.
org/10.1186/1471-2202-15-15

Finnie, J. W., Blumbergs, P. C., & Williamson, M. M. (2010). Alzhei-
mer type Il astrocytes in the brains of pigs with salt poisoning (water
deprivation/intoxication). Australian veterinary journal, 88(10), 405-407.
https://doi.org/10.1111/j.1751-0813.2010.00630.x

Hough, S., Jennings, S. H., & Almond, G. W. (2015). Thiamine-re-
sponsive neurological disorder of swine. Journal of Swine Health and
Production, 23, 143-151. https://www.aasv.org/shap/issues/v23n3/
v23n3p143.html

Cabrera-Pastor, A., Llansola, M., Montoliu, C., Malaguarnera, M., Bal-
zano, T., Taoro-Gonzalez, L., Garcia-Garcia, R., Mangas-Losada, A.,
lzquierdo-Altarejos, P., Arenas, Y. M., Leone, P., & Felipo, V. (2019). Pe-
ripheral inflammation induces neuroinflammation that alters neurotrans-
mission and cognitive and motor function in hepatic encephalopathy:
Underlying mechanisms and therapeutic implications. Acta physiologica
(Oxford, England), 226(2), e13270. https://doi.org/10.1111/apha.13270

Pathologia. Volume 20. No. 1, January — April 2023


https://doi.org/10.3389/fnmol.2016.00057
https://doi.org/10.1016/j.ebiom.2018.10.030
https://doi.org/10.1016/j.ebiom.2018.10.030
https://doi.org/10.1016/j.jceh.2018.06.007
https://doi.org/10.3390/biom13020396
https://doi.org/10.1016/j.jhep.2019.06.020
https://doi.org/10.1016/j.jhepr.2022.100510
https://doi.org/10.1016/j.clinthera.2022.01.008
https://doi.org/10.1016/j.clinthera.2022.01.008
https://doi.org/10.1093/jnen/60.2.121
https://doi.org/10.1111/neup.12660
https://doi.org/10.14309/01.ajg.0000582288.72427.46
https://doi.org/10.5858/arpa.2018-0455-OA
https://doi.org/10.5858/arpa.2018-0455-OA
https://doi.org/10.1371/journal.pone.0173914
https://doi.org/10.1136/bmj.l1296
https://doi.org/10.3389/fnhum.2022.838666
https://doi.org/10.3389/fnhum.2022.838666
https://doi.org/10.1007/s00234-019-02199-9
https://doi.org/10.1007/s00234-019-02199-9
https://doi.org/10.1016/j.nicl.2018.09.015
https://doi.org/10.1007/BF02833599
https://doi.org/10.1007/BF02833599
https://doi.org/10.2147/HMER.S118964
https://doi.org/10.1002/hep4.1425
https://doi.org/10.1002/hep4.1425
https://doi.org/10.1016/j.clinbiochem.2017.01.002
https://doi.org/10.14309/ajg.0000000000000343
https://doi.org/10.1016/j.cgh.2015.11.018
https://doi.org/10.14218/JCTH.2019.00025
https://doi.org/10.1186/1471-2202-15-15
https://doi.org/10.1186/1471-2202-15-15
https://doi.org/10.1111/j.1751-0813.2010.00630.x
https://www.aasv.org/shap/issues/v23n3/v23n3p143.html
https://www.aasv.org/shap/issues/v23n3/v23n3p143.html
https://doi.org/10.1111/apha.13270

YAK 616.348-006.6-06-089
DOI: 10.14739/2310-1237.2023.1.273868

OpwuriHaAbHI AOCAIAKEHHSA

Mpo6remu cTapiloBaHHA YCKAaAHEHUX GOPM KapLUHOMU 060A0BOi KMLLIKH

y naujieHTiB, onepoBaHUX B YPreHTHOMY NOPAAKY
B YMOBaX 3araAbHOXipypriyHoro crauioHapa

M. A. Kybpak

3anopi3bKknii AepxaBHWUI MeAUYHWI YHIBEpCHTET, YkpaiHa

*ABCD G M. 3aBropoaHin ~tF, M. b. AaHuAOK ZEF

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

MeTa po60TK — 30iiCHUTM aHani3 pe3ynsTaTiB XipypriyHOro nikyBaHHS Ta NaToMOpdOnoriYHOro AOCHIMKEHHS npenaparis
XBOPWX, siKi ONEpOBaHi ypreHTHO 3 NpUBOAY YCKIaaHeHWX (hopm paky 06040BOI KULLIKW, Ta OLIHUTY iXHili BNNWMB Ha NPaBUIbHICTb
CTapitoBaHHs MyxSIMHHOIO NpoLecy B nicnsionepawinHomy nepiogi.

Marepianu Ta meToau. 3aiNcHUNV aHania pesynsratis natomopdonorivyHux gocnimkerb 71 (100 %) nauieHTa, ski nepebysanu
Ha nikyBaHHi Ha 6a3i xipypriYHoOro BiAAINEHHs 3 NPUBOAY YCKNaAHEHNX hopM paKy 060A0BOT KULLKH.

PesynbkraTtu. Y Beix nauiexTis (100 %) BUSBMNM ageHOKapLMHOMY TOBCTOTO KULLIKIBHUKA: Y 3 (4,23 %) XBOpWX AiarHocTyBanu
MYLIMHO3HY afjeHokapLuHomy, B 68 (95,77 %) Bunaakax ageHokapLmHoMa He yTouHeHa. Y 44 (61,97 %) navujieHTis BUsBUnu
nomipHoaudepeHLinoBaHy ageHoKapLMHOMY TOBCTOTO KULLKIBHUKA, Y 25 (35,21 %) — Hu3bkoamdepeHuiioBaHy, B 2 (2,82 %)
BUNaAKaXx — BUCOKOANMEPEHLIIOBAHY MyXIWHY.

BucHoBKkW. Y pasi onepaTuBHUX BTpy4aHb 3 NpUBOAY ycknagHeHux gopm paky obogoBoi KuLku niMdaTnyHa AnceKuis
B MiHimanbHomy o6cssi (D1) sgincHena 54 (76,06 %) xsopum, 6e3 BuganeHHs nimdgatnyHux Byanis npoonepysamm 17
(23,94 %) nauienTiB. HegocTatHil piBeHb BUKOHaHHA NiMATUYHWX OMCEKUIN Y XBOPUX 3 YCKMagHeHUMK dhopMamm 3no-
SKICHOI NaTonorii TOBCTOTO KULLKIBHUKA He Aa€ 3MOry OLHWTK pearbHy KapThHY MEeTacTaTUYHOrO ypaKeHHs perioHapHWX
nimcbosy3nis i npaBurbHO Bu3HaunTK ctagito pN 3a TNM 8 (y 17 (23,94 %) xsopux B3arani He 3gjiicHnM natomopdonorivyHe
ouiHioBaHHs, B 40 (56,34 %) naujeHTiB y npenaparti He HaBeAeHa KinbKiCTb AOCTIMKEHNX NiMMaTUYHNX BY3NiB). Y CTPYKTYpI
cragiHocTi oHkonartonorii B 12 (16,90 %) xBOpuX CTafjlo OHKO3aXBOPKOBAHHS BU3HAYMNW MULLE 33 KPUTEPIEM CTYNEHs! iH-
Basii (T), we y 5 (7,04 %) — 3a faHUMK iHCTPyMeHTanbLHOro 0bCTEXEHHS 11 iIHTpaonepauinHoi peBiaii (KMiHivHO), cTadis 6yna
3aByLLeHa.

Te, WO He 3QiACHWUN YiTKE NOCMILOBHE OLHIOBAHHS MaKPOCKOMIYHWX, MIKPOCKOMIYHWX, iIMYHOMCTOXIMIYHUX | MOMNEKYNAPHUX
XapakTepuCTUK NyXnMHHOro npouecy B 17 (23,94 %) nauieHTiB, Npr3Beno 40 HETOMHOCTEN Nif Yac BU3HAYEHHS CTafiAHOCTI
MyXJIMHHOTO MPOLECY, @ OTXKE BNWHYMO Ha MPOrHO3 LOAO PeLnamByBaHHS Ta BIKMBAHOCTI XBOPOTO, TaKTUKY nicnsonepa-
LINHOrO NiKyBaHHS.

Problems of staging complicated forms of colon carcinoma
in patients who were urgently operated in a general surgical hospital

M. A. Kubrak, S. M. Zavhorodnii, M. B. Danyliuk

The aim of the study: to analyze the results of surgical treatment and pathomorphological examination of preparations of
patients who were urgently operated on for complicated forms of colon cancer, and to assess their influence on the correct
staging of the tumor process in the postoperative period.

Materials and methods. An analysis of data from pathomorphological studies of 71 (100 %) patients who underwent treatment
at the surgical department for complicated forms of colon cancer was carried out.

Results. Colon adenocarcinoma was detected in all 71 (100 %) patients (mucinous adenocarcinoma in 3 (4.23 %) patients,
and the rest 68 (95.77 %) — unspecified adenocarcinoma). 44 (61.97 %) patients were diagnosed with moderately differentiated
adenocarcinoma of the colon, 25 (35.21 %) — with poorly differentiated, and 2 (2.82 %) — with highly differentiated tumors.

Conclusions. In the case of surgical interventions for complicated forms of colon cancer, lymphatic dissection in the minimum
extent (D1) was performed in 54 (76.06 %) patients, and 17 (23.94 %) patients were operated on without removal of lymph
nodes. The insufficient level of performing lymphatic dissections in patients with complicated forms of malignant pathology
of the large intestine does not make it possible to assess the real picture of metastatic lesions of regional lymph nodes and
to assign the correct stage of pN according to TNM 8 (in 17 (23.94 %) patients, no pathomorphological assessment was
performed at all, and in 40 (56.34 %) patients, the number of examined lymph nodes were not indicated in the preparation).
In the structure of staging of oncopathology, in 12 (16.90 %) patients, the stage of cancer was assign only according to the
criterion of the degree of invasion (T) and in 5 (7.04 %) patients — only according to the data of instrumental examination
and intraoperative revision (clinically), and was overestimated. Lack of a clear consistent assessment of the macroscopic,
microscopic, immunohistochemical and molecular characteristics of the tumor process in 17 (23.94 %) patients leads to
inaccuracies in the assessment of the stage of the tumor process, which in turn affects the prognosis for relapse and survival
of the patient, and the tactic of postoperative treatment.
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Onepauism 3 npueogy ycknagHeHnx opM 3rosKiCHNX
3aXBOPHOBaHb TOBCTOIO KULLKIBHMKA HANEXWTb NPOBiAHE
MicLle B CTPYKTYpi YPreHTHUX onepaTvBHUX BTPyYaHb
3aranbHOXipypriYHux cTauioHapis.

Y pasi ycknagHeHux hopM KOMOpeKTanbHOro paky
45,0-57,0 % naujeHTiB 3BEPTAKOTLCA 3@ MEAUYHOK A0-
MOMOTOK 3 MOLUMPEHUM OHKOMPOLIECOM, BiAAaneHumm
COMITaPHUMM YN MHOXVHHUMM MeTacTa3amu, KaHLepo-
mato3om odvepesuHy (Il Ta IV cTagii) [1]. Y umx xBopux
BinbLWiCTb onepaviii cnpsAMOBaHi TiNbKM Ha YCYHEHHS
MiCLIEBOMNOLLMPEHOI ycKnaaHeHoi nyxnuHu, a 5,0-12,6 %
BUMaZKIB B3arasi 3aBepLUyT5CS CUMMTOMATUYHUM BTPY-
YyaHHaAM. Taki onepauii, Ha anb, He JaloTb NaLieHTOBI
LUaHCIB Ha oayXaHHs [2]. KpiM Lboro, BUKOHaHHS Xipyp-
riYHOro BTPy4aHHs B MiHiMansHOMY 06csi3i CTBOPHOE NEBHI
CKMaZHOLLi Anst NPaBUNbHOCTI CTafit0BaHHS NMyXIMHHOTO
MPOLECY TOBCTOTO KULLIKIBHUKA.

O6csr nimdaTnyHOI AMCEKLii, L0 BUKOHYIOTB Mif Yac
Takux onepauin, y 62,0 % rictonoriyHux npenaparis cTa-
HOBWTb MeHLLE HiX 4 niMcbaTyHi By3nu, LLO He Bianosigae
KpuUTEpisiM OHKOpaAMKanbHOCTi ONepaTUBHOIO BTPYYaHHS
Ta He A€ 3MOMM OUIHUTM BUPAXeHICTb perioHapHoOro
MeTacTasyBaHHs [3].

Y 3,0-5,0 % nauieHTiB, onepoBaHMx 3 NpuBoay
yCKnagHeHUX opM KOOpeKTanbHOro paky, nig 4yac
ricTonoriyHoro JOCNiMKEHHSI Npenaparty BUSIBNSOTb
MyXIMHHUIA PICT Y Kpasx pesekuii (R1) [4]. Y pesynerari
HepaanKanbHOCTI XipypriYyHUX BTpyYaHb BUHUKAKTb
npobrnemu nig vac cTagitoBaHHS 3M0sIKICHOrO 3axBOpHo-
BaHHS, IO BMMMBAE HA HACTYMHY TaKTWKY NiKyBaHHS
umx xBopux. OTxe, y 16,9-41,2 % nauieHTiB Mae Micle
NOKanbHUA PeLmanB MyxIMHU NPOTAroM MepLLIOro PoKy
nicns pesekuii, a MATUPIYHA BUXWBAHICTb LMX XBOPWX
cTaHoBuTb 3,0-38,0 % [5].

JvickyTabensHUM 3anULLIAEeTLCS MUTaHHS LWOO 3Aiic-
HEHHS1 LMTOPedyKTUBHUX BTPYYaHb NpU YCKNaAHEHUX
¢hopmax 3nosiKicHUX ypaxeHb 06040BOI KKK, Yrmano
aBTOPIB BUSIBUNK, LLO Taki onepawii B pasi BUKOHaHHSI
nosHoi umTopeaykuii (RO-R1), nokpaiuytoTb maTupidHy
BIKMBaHicTb 1o 32,0-48,0 %. OTxe, BiananeHi pesynb-
TaTu NikyBaHHA GiNbLUIOID MIpOto 3anexatb Bif pagu-
KarnbHOCTi XipypriYyHOro BTpy4aHHs, a He Bif cneundidHoi
ximieTepanii [6].

Lis npobnema noctae focUTb rOCTPO B CyyacHin
YPrEHTHIV OHKOXipYprii, NoTpebye AeTanbHILLOro aHanisy
Ta BUPILLEHHS.

MeTta pobotu

3aincHUTK aHani3 pesynbraTtiB XipypriYHOro nikyBaHHs
Ta NatomMopdONoriYHOro JOCHIMKEHHS Npenaparis XBo-
puX, SIKi OMepoBaHi ypreHTHO 3 NPUBOAY YCKMaAHEHNX
¢hopm paky 060OOBOI KULLIKM, Ta OLIHUTMK iXHiA BNIvB
Ha MPaBWIbHICTb CTaAiloOBaHHS NYXMWHHOMO Npouecy B
nicnsionepaviHomMy nepioi.

Marepianu i meToAU AOCAIAKEHHA

3aincHunu petpocnekTuBHWiA aHania gaHnx 71 (100 %)
nauieHTa, ski nepebysanu Ha nikyBaHHi Ha 6asi xipyp-
riyHoro BigaineHHs KHI «Micbka nikapHs ekcTpeHoi Ta
wBuakoi MeguyHoi gonomoruy 3MP B nepiog 3 2018 oo
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2019 poky 3 npuBoAY ycknaaHeHnx popm paky obogoBsoi
kuwku. Y rpyny gocnimpkeHHs sanyumnu 35 (49,29 %)
xiHok i 36 (50,71 %) YonosikiB, cepenHii Bik CTaHOBMB
67,97 + 12,71 poky.

3a pesynsratamuy AiarHoCTUKM Ta XipypriYHoro BTpy-
yaHHs, y 49 (69,01 %) naujeHTis giarHocTyBanu nyxnuHy
TOBCTOrO KMLLKIBHWKA 3 FOCTPOIO KWLLKOBOK HEMpOXia-
HicTio, y 13 (18,31 %) — 3 nepdhopauieto myxmHu, y 3
(4,23 %) xBOpPUX BUSBNEHA FOCTPA KULLKOBA KPOBOTEYA,
y 4 (5,63 %) rocnitanisoBaHMx — NOEAHAHHS FOCTPOI
KULLKOBOI HENpPOXiZHOCTI 3 nepchopaLlieto MyxnuMHKU ToB-
CTOI KULIKK, Wwe 'y 2 (2,82 %) — KULIKOBOT HENPOXiAHOCTI
3 KPOBOTEYOIO.

Myxnury cninoi knwwku diarHoctysanu y 8 (11,27 %)
XBOPWX, BUCXiaHOI 06080BOi kuwku —y 8 (11,27 %),
neviHkoBoro 3ruHy — B 5 (7,04 %), nonepeyHoi obogosoi
Knwkn —y 2 (2,82 %), cenesiHkosoro 3rnHy — B8 1 (1,41 %),
Hu3xigHoi 06080BoI kuwku — y 8 (11,27 %), curmono-
LibHoi —y 30 (42,25 %), pekTocurmoigHoro Bigainy — y
9 (12,68 %) Bunapkax [7]. Yci nauieHTn npoonepoBaHi
B HEBIOKNAAHOMY, YPreHTHOMY YM BifTEPMIHOBaHOMY
nepiogi (nicns crabiniauii cTaHy), cepeaHii TepmiH — 8,2
(5,00; 15,50) rognHm nicna rocnitanisaii.

MMicnst onepaTMBHOIO BTPYYaHHs BUAaneHi npenaparu
Bcix xopux (100 %) nepepasanu gns natomopdo-
noriyHoro gocnimkeHHs B KHIM «3anopisbke obnacHe
natornoroaHatomiyHe 6topo» 30P. 3a pesynsratamu nato-
MOpPEONOriYHOro AOCAIMKEHHS Npenaparis, 3aCTOCyBaH-
Hs1 J0OaTKOBMX METOAIB 0OCTEXEHHS 1 iHTpaonepaLiiHnx
[aHVX NaLlieHTam BCTaHOBMNIOBANM OCTAaTOMHUM AiarHo3 3i
CTapjtoBaHHAM OHKoMpoLuecy 3a knacudikadiero TNM 8
nepernsagy UICC i AJCC 2017 [8].

Y nicnsonepauiiHomy nepiogi nicng oOTpUMaHHs
pesynbTaTiB naToMopgonoriYyHoOro LOCHIMKEHHS naui-
€HTIB HaNpaBWUIM Ha HacTyrnHe NikyBaHHsS 40 OHKorlora
B KHIN «3anopisbknii perioHansHUn NpoTUMyXIMHHN
ueHTp» 30P.

CratucTiyHe onpaLyoBaHHs pesynbTaTie 34incHUIM
3a gonomoroto nporpam Statistica 13.0, TIBCO Software
Inc. (niuensia Ne JPZ8041382130ARCN10-J) i Microsoft
Excel 2013 (niuensis Ne 00331-10000-00001-AA404).
Pesynerat B TekcTi Ta Tabnuusx HaBeaeHo sk M £ m
— cepenHe apuMeTUYHe  CTaH4APTHE BiOXWUNEHHS.

PesyAbTati

Y CTpyKTypi onepaTuMBHMX BTPyYaHb NpeBanoBan
nepBuUHHI pagwvkanbHi — 48 (67,61 %) Bunaakis. Y 17
(35,42 %) xBopux BUKOHamM NpaBobiyHY remikonekTo-
mito, B 23 (47,92 %) — pe3ekuito NiBux Bigainis TOBCTOr0
KVULLIKIBHWKA 3 myxnuHoto, ¥y 8 (16,66 %) — niBobiuny
remikonekTomito. Y 40 (83,33 %) navuieHTiB 3gificHUNM
nimcgoaucekuito D1, y 8 (16,67 %) xBopux nyxnuHa
BuaaneHa 6e3 nimgoamncexuii.

Y 18 (25,35 %) rocnitanisoBaHux 3a4incHUM nania-
TWBHI onepalii: B 4 (22,22 %) — npaBobiyHy remikonex-
Tomito, B 11 (61,11 %) — pesekuito niBuX BigAiNiB TOBCTOI
kuwkm, y 3 (16,66 %) — niBobiYHY remikoneKkTomito.
JNimcbopmcekuito D1 BukoHanu B 14 (77,78 %) nauieHTis,
4 (22,22 %) Bunapkm — 6e3 nimcoamncekuii.

Y 5 (7,04 %) xBopux 3AIACHUNN CUMNTOMATUYHI
onepatdlii: 3 (60,00 %) XBOpMUM BUKOHaNW LEEKOCTOMItO, 2
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(40,00 %) — HaknapaHHs 06XiBHMX TOHKO-TOBCTOKMLLKO-
BKX aHacTomosiB (mabn. 1).

3a pesynsratamm natoMopdonorivyHOro AOCHimKeH-
HS MpenapariB XBOPWX 3 YCKNagHEeHUMM opMamMu paky
06070B0i K1LLIKK, y BCix navienHTiB (100 %) aiarHocTyBanm
afleHOKapLUMHOMY TOBCTOrO KuLwKiBHUKA. [Tig yac GinbLu
JETanbHOro aHanisy BUSBMAW, WO Tinbku y 3 (4,23 %)
nauieHTiB HaBedeHO riCTONOMYHUIA NigTUN NYXIUHU — My-
LIMHO3Ha apeHoKapLyHoma. Y pewTi 68 (95,77 %) XxBopux
ricTonoriYHMI NATN He 3a3Ha4YeH0 — aAeHoKapLMHOMa He
yTouHeHa. Y 44 (61,97 %) navieHTiB BUSBUIM NOMIPHOAW-
(hepeHLinoBaHy afeHOKapLHOMY TOBCTOTO KULLIKIBHUKA,
y 25 (35,21 %) — Hu3bkoauepeHuinosaHy, B 2 (2,82 %)
BUMafKax — BUCOKOAMUEPEHLIIiOBaHY NyXnuHy, 6e3 3ragku
wono low-grade uu high-grade gudepeHLiroBaHHS.

Mig yac MakpOCKONIYHOro OLHIOBAHHA NapameTpis
MyXMUHW BUABWNK, WO B MOHaZA MOMOBWHI BMNAAKIB
(n =36, 50,70 %) He 3a3HayeHa iHcopmaLia Woao xa-
paKTepy poCTy MyxvHW, ii nokanisawii, AiameTpa nyxnuHu
Ta il NPOTSXKHOCTI, BiACTaHi BiA NyX1HW 40 KpaiB pe3ekuii
(NpokcMManbHOTo, AUCTaNbHOrO), a Le AOBOMi BaXIMBI
KpuTepii Ans KONOpeKTanbHOro paky.

OuiHtotoun rmmnbuHy iHBasii (T) 3a knacudikauieto TNM
8 nepernsgy, Bu3Haumnu: B 6 (8,45 %) nauieHTiB picT nyx-
NVHW 0BMeXeHNI M'A30BIM LwapoM (pT2), y 52 (73,24 %)
BUNaKax BUsiBNeHa iHBasisi B CybcepoaHy 060MoHKy abo
B HEMOKpUTi o4epeBunHoto opranm (pT3). Y 8 (11,27 %)
XBOPWX [iarHOCTyBanu NpopoCTaHHs B iHLUi OpraHu 4m
CTPyKTYpU Ta/abo B BicuepanbHy o4epeBuHy (pT4):
iHBa3iA B o4yepeBuHy (pT4a) susiBneHa y 5 (62,50 %)
nauieHTiB, B CyciaHi opraHu um ctpyktypy (pT4b) —y 3
(37,50 %) Bunagkax. ¥ 5 (7,04 %) npoonepoBaHnx He
6yno 3moru 34incHUT NaToMopAOnoriYHe OLiHIOBaHHS
MePBUHHOT MyXNMHK (PTX), OCKINbKM B HUX MyXJMHa
He Gyna BupaneHa nig yac onepadii. Linm nauieHtam
304iINCHANKM CMMNTOMaTUYHE OnepaTUBHE BTPYYaHHS
(uexocTomist abo HaknagaHHs 0bxigHOro aHacTomosy) 3
iHUM3IHOIO Gioncieto NyxnuHW B 3B’A3KY 3 ii HepesekTa-
6enbHicTio (cT4).

OuijHtoBaHHS nepuHeBpansHoi (PNI) Ta nimcposacky-
nspHoi (LVI) inBasii HaBegeHo nuwe B 24 (33,80 %) i 37
(52,11 %) naujeHTiB BignosigHo. MNepuHeBparnbHa iHBasis
(PNI 1) BusiBnena B 11 (45,83 %) xBopux, a nimcoBacky-
napHa (LVI 1/2) — B 23 (62,16 %) nauieHTis.

Kpai pesekuii (R) onucaHo y 62 (87,32 %) natomop-
¢honoriyHmnx BrUcHOBKax, y 2 (3,23 %) i3 HIX BUSIBNEHO
nyxnuHHi knituam (R1), y 60 (96,77 %) y kpasix pesexuii
He BUSBNEHO NyXnuHHWiA picT (RO).

Mig yac MIKPOCKOMIYHOrO OLiHIOBaHHS perioHapHMX
nimcpatiHux By3niB y 19 (26,76 %) navieHTiB He BUSBUN
03HaKVN MeTacTaTU4HOTO YPKEHHS MiMaTUYHMX BY3MiB
(pNO). Y 12 (16,90 %) xBopux AiarHocTyBanu mMetacTa-
TWYHE YpaXEHHs OOHOro perioHapHoro nimgaruyHoro
By3na (pN1a), we y 12 (16,90 %) — metacTas y 2-3
nimcposyamm (pN1b). ¥ 4 (5,63 %) npooneposBaHux He
HaBeLEeHO KiNbKICTb ypaxeHuX niMaTnyHuX By3nis, ane
y BUCHOBKY 3a3Ha4eHo pN1. He 3acbikcyBanu Bunagku
HasBHOCTI MyXIMHHUX KMITWH (CaTeniTiB) y napakoniyHin
KNiTKOBUHI Be3 ypaxeHHs nimcatuiHmx By3nis (pN1c).
MetactaTtuyHe ypaxeHHs 4—-6 nimcgoBysnis BUSBMIN
Tinbkn y 6 (8,45 %) xsopux (pN2a), B 1 (1,41 %) sBunag-
Ky — MeTacTa3 y noHaz 7 nimatnyHmx sy3nax (pN2b).
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OpwuriHaAbHI AOCAIAKEHHSA

Tabnuus 1. CTpykTypa onepaTvBHUX BTPYYaHb Y NALEHTIB 3 yCKMagHEHUMM

dhopmamu paKy TOBCTOrO KULLKiBHMKa (n = 71)

Tun onepaTMBHOrO Bug onepauii
BTPyYaHHSA

PagukanbHi onepalii, MpaBobiuHa remikonekTomist
n =48 (67,61 %) Pesekuis nisux Bigainie kMWKiBHWKa
3 NYXIMHO0
JliBobiyHa remikonekTomis
3 nimcoagucekuieto D1
Be3 nimpoamcekuii

ManiaTehi onepauii, lMpaBobiyHa remikonekTomis

n =18 (25,35 %) Pe3sekuiis niBux BiainiB KULLKIBHWKA
3 NYXIMHOK

JliBo6iyHa remikonexkTomis

3 nimdoagucekuieto D1

Bes nimoamncekuii

CumnTomaThyHi onepauii,
n=5(7,04 %)

LlekocTomis
HaknagaHHsa 06xiaHux aHacTomosis

KinbkicTb nauieHTis,
n (%)

17 (35,42 %)
23 (47,92 %)

8(

40 (83,33 %)

8(
4(

11 (61,11 %)

3(

14 (77,78 %)

4(

3(
2(

16,66 %)

16,67 %)
22,22 %)

16,66 %)

22,22 %)
60,00 %)
40,00 %)

3asHauumo, wo'y 17 (23,94 %) nauieHTiB He 3aiAcHu-
V1 OLiHIOBaHHS perioHapHKx nimcpaTyHKx By3nis (pNX).
Lle noB’s3aHo 3 0COBNMBOCTSMY BUKOHAHOTO OnepaTuBHO-
ro BTPyYaHHs B YMOBaX 3araibHOKITiHIYHOMO CTauioHapa
(3mircHnmv abo cumnTomaTnyHy onepadito — 5 (29,41 %)
BUNaakiB, abo BTpyYaHHs 6e3 nimdgaTtnyHoi aucekuii — 12
(70,59 %) xopux). NMuwwe y 14 (19,71 %) xBopux nig yac
naToMopdOnorivHOi AiarHOCTVIKW y BUCHOBKaX HaBedeHo
HE TiMbKM KiNbKIiCTb ypaXeHuX, ane 1 3aranbHy KinbkicTb
JoCnioxeHnX niMaTuyHKUX BY3NiB; Le BaXMUBO ANs
NPaBUMbHOCTI BU3HAYEHHS CTYMEHSI MEeTacTaTUYHOro
ypaxeHHs perioHapHuX By3nis.

OuiHIOBaHHS METACTaTUYHOIO YPaXKeHHS! BinAaneHnx
OpraHiB 34jilicCHUNM Ha eTani iHCTpyMeHTanbHoro obcre-
xeHHs1 (Y3 opraHiB YepeBHOI NOPOXHUHMW, KOMM'OTEPHA
TOMOrpadist 3 BHyTPiLLIHEOBEHHWUM KOHTPACTYBaHHSIM) Ta
iHTpaonepaLiiHoi peBiii opraHiB YepeBHOI MOPOXHUHK. Y
12 (16,90 %) navjieHTiB BUSBMAM METacTaTN4He YPaKEHHS!
B Mexax ogHoro oprana (M1a): y 9 (75,00 %) sunagkax
—neviHka, y 2 (16,67 %) — Hupku, B 1 (8,33 %) — nereHi.
Y 2 (2,82 %) xBopux AiarHoCTyBanv BTOPUHHE NyXMUHHE
ypaXeHHs ABoX i GinbLue opraHiB (M1b) — noeaHaHe ypa-
XEHHs neviHku Ta nereHis. Y 4 (5,63 %) rocnitanizoBaHux
BUSIBUNW MeTacTasun Ha odepeBuHi (M1¢) — kaHuepoma-
T03. i Yac oneparnBHoro BTpyYaHHs B 2 (16,67 %) xBo-
puXx i3 MeTacTaszamu 30iNCHUMK BUOANEeHHs CoNiTapHoro
meTacTasy neviHku (atunosa pesekuis). OTxe, nuwe 'y 2
(16,67 %) navjeHTiB i3 NOIMPEHUM PaKOM TOBCTOTO KLL-
KiBHWKa B rpyni 4OCMIMDKEHHS 34IMCHUNN UMTOPEaYKTUBHE
onepaTuBHE BTPYYaHHS.

KomnnekcHe ouiHOBaHHSA Ha3BaHWX napameTpis
— OCHOBa Ans CTafjitoBaHHS OHKOMpoLecy 3a knacudi-
kauieto TNM 8 nepernsgy UICC i AJCC 2017 poky. B
pesynbTati aHanidy BUSIBMEHO, Wo GinbLicTb NavjieHTiB
3 ycKnagHeHUMM hopMamm KOropeKTanbHOMo paky Ma-
10Tb 3rosiKicHy nyxmvHy Ha llI-1V ctapiji — 56 (78,87 %)
BUMaakis (mabn. 2).

Posrnsaatoun cTpykTypy CTaginHoCTi OHKONaTosorii B
rpyni ZocnimkeHHs, 3BepHynu yeary, wo y 12 (16,90 %)
XBOPWX CTaAiA OHKO3axBOPtoBaHHS Oyna Br3Ha4eHa nuLle
3a kputepiem ctyneHs inBasii (T). ¥ Hux He Byno gaHunx
LLIOAO CTYNEHs METACTaTUYHOIO YpaXeHHs NiMaTUIHNX
BY3iB Y 3B’A3KY 3 BUKOHAHHSIM ONEPaTMBHOTO BTPYYaHHS
6e3 30iliCHeHHs HaBITb MiHiManbHOI NiMdaTyHoi Ancekuil
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Tabnuus 2. CtagitoBaHHs oHkonpoLecy 3a knacudikauieto TNM 8 nepernsagy UICC i

AJCC 2017 (n = 71)

TNM

knacudikauis

pT2NOMO
pT3NOMO
pT4aNOMO
pT2N1aM0
pT2N1bMO
pT2NxMO0
pT3N1aM0
pT3N1bMO
pT3N1MO
pT3N2aM0
pT3NxMO
pT4aN1MO
pT4bN2bMO
pT3NOM1a
pT3N1aM1a
pT3N1bM1a
pT3N2aM1a
pT3NxM1a
pT4aNOM1a
pT4bN2aM1a
CcT4NxMx
pT3N1aM1b
pT3N1bM1b
pT4aN1aM1c
pT3NOM1c
cT4NxM1c
pT4bN2aM1c

KinbkicTb
XBOPUX, N

—
=

AN S A A W a2 NN S SO WW o NN S N

YacTka Cragilo- KinbkicTb Yactka
XBOPUX BaHHA XBOPUX, N XBOPUX
y rpyni, % y rpyni, %
2,82 |

15,49 1A 1 15,49
2,82 1B 2 2,82
1,41 1A 4 5,64
1,41

2,82

9,86 1B 27 38,04
11,27

4,23

4,23

7,04

1,41

1,41 11[63 1 1,41
2,82 IVA 17 23,95
2,82

2,82

1,41

7,04

1,41

1,41

4,22

1,41 IVB 2 2,82
1,41

1,41 IvVC 5 7,04
1,41

2,82

1,41

(D1). B pesynbraTi y Umx NaieHTIB CTAQINHICTb MyXIMHA
Oyna 3aBuLLeHa, i Le BNMMHYIO Ha TaKTUKY iXHLOTO Mic-
NSIonepaLiiHoro NiKyBaHHS Ta MPOTHOCTUYHE OLiHIOBaHHS
BWKMBAHOCTI Ta peLmavBy.

Y 5 (7,04 %) npoonepoBaHux cTagis MyXnWHHOTO
npouecy BU3HAYEHa TiMbKM 3@ pesynbTatamu iHCTPY-
MEHTanbHOro OBCTEXEHHS 1 iHTpaonepauiiHoi pes.isii
(kniHiyHO); ¥ 3 (60,00 %) i3 HKUX He Byno AaHMX LWwoado
BTOPWHHOTO METACTaTUYHOIO YPaXKEHHS iHLLIMX OpraHis,
ane cTagifHicTb NyXMMHHOTO NpoLecy BuU3HadveHa sk 1V.

06roBopeHHA

HoBa knacwdikaulist 3nosikiCHUX 3aXBOPHOBaHb TOBCTOI Ta
npsmoi kiwkun WHO 2019 (V BupaHHs) B noeaHaHHi 3i
CTagjtoBaHHAM MyxmHHoro npouiecy 3a TNM 8 nepernsagy
UICCiAJCC 2017 poky — A0BOMi MOTYXHWW, CTPYKTYpOBa-
HWUIA | NPOCTUI NS PO3YMIHHS IHCTPYMEHT, LLIO CTBOPEHUIA
ANA Nerwioi B3aeMofji Nikapis pisHNX cnewjanbHOCTe Ha
BCiX eTanax nikyBaHHs NawuieHTiB 3i 3nosiKiCHUMK 3aXBo-
proBaHHAMY 06040BOI KULLIKKW. MPaBUMLHICTb KNiHIYHOTO
Ta MOPEOIOriYHOro OLiHIOBAHHS 3MOSKICHOMO npouecy
06r'pyHTOBYE BIBIp €hEeKTUBHOrO MeToAY NiKyBaHHS XBO-
poro, BMMBAKOYM Ha BYXUBAHICTb NALIEHTIB | BiACYTHICTb
peLmamBiB NyxnuHu B ManbyTHeomy [9,10].

AsTopu V BuaaHHs knacudikauii WHO 2019 Harono-
LLYKOTb, LLIO NS OLiHIOBAHHS 3M0sIKiCHOro npoLecy Tpeba
BUKOPUCTOBYBATW KOMMNEKCHWIA Niaxia, wo nepenbavae
HU3KY O3HaK: MaKpPOCKOMYHUX (SIKICTb npenapaty Ta
3paskiB, nokaniszauito NyxnuHu, ii giameTp, BigcTaHb
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Bif KpaiB pe3ekKLii, 30BHILLHi XapakTepUCTUKN MyXMUHK);
MIKPOCKOMIYHMX (riCTOMOMYHWIA TVM i MiZTWM NYXTUHK,
CTyniHb AndbepeHuiaLii, rmnbuHa iHBasii, nepuHeBpanb-
HWUI picT i niMcpoBacKkynapHa iHBasis, OLiHIOBaHHS KpaiB
pes3ekLii, 3aranbHa KinbKicTb NiMgaTUyHKX BY3niB y npe-
napari Ta KinbKiCTb ypaxeHUx MeTactaszamu, HasiBHICTb
caTeniTiB, MyXJIMHHE OPYHbKYBAHHS); IMYHOTICTOXIMIYHUX
i MOMeKynspHUX (MikpocaTeniTHWIA cTaTyc, HasiBHICTb
6inkis penapauii HK, HasBHicTb abo BiACYTHICTL NeB-
HUX MyTauii reHa); BiaAnOBiAb NYXJIMHW Ha MiKyBaHHS
xsoporo [11].

HaronowytoTb, WO CTyniHb 3MNOSKICHOCTI MyXMMHM
Tpeba ouiHioBaTy 3a LwKanoto low- abo high-grade, a He 3a
cTyneHem audepeHuiadii nyxnuHu (G). Y rpyni navieHTis,
Ky AOCTIANIN, B XXOAHOMY BUNaaKy He Byno aragkv Wwoao
low- abo high-grade cTyneHs anosikicHocTi nyxnuHm [12].

Bussunu, Wwo B pasi ypreHTHUX onepauin y 55,00—
80,70 % Bunagkis (y Hawomy gocnimkeHHi — 76,06 %) nig
yac BTpyyaHb 0BOMEXYHOTBCA HacTKOBOK NiMcpoanceKLieto
(D1), y 15,00-40,00 % onepaLii (3a HawWUMK JaHAMK, —
23,94 %) B3arani He BugansTb NimdartnyHi Byanu. Lie
BKpail HEraTMBHO BNIMBAE HA HACTYMHWIA NPOrHO3 OO
peumanBy NyXnmnHU Ta BWXUBAHICTb navjenTis [13,14].

Akwo nimdoamcekuito He 3airicHunM abo BUKOHaNK
Ha HeJoCTaTHLOMY PiBHi, TATOMOPONOT HE MAe 3MOrU
OUHNTU peanbHy KapTUHY YPaKeHHS perioHapHMX niM-
¢hatnyHmx By3nis (y npenaparti Mae OyTu He MEeHLLE Hix
12 nimdpatyHmx By3niB), i Lie BNNMBAE Ha NPaBUMBHICTb
BCTaHOBMEHHS nicnsionepaviiHoro AiarHo3y, BpaxoByoum
craginHicts 3a TNM 8 nepernsay, Ta TakTuKy nikyBaHHs
nauieHta [15].

OTxe, aHani3 pe3yneraTiB Xipypri4Horo NnikyBaHHs Ta
naTtoMopdonorivyHOro AOCHiMKEHHS Mpenaparis XBOpUX i3
ycknagHeHnMu oopmamm paky 0bogoBoi KWLLKW BUSIBUB
Hu3ky npobnem. [lesiki 3 HUX CTOCYOTbCA eTany onepa-
TWBHOTO BTPYyYaHHS! (HEAOCTaTHBO OLIHEHO MaKPOCKOMiYHi
napameTpu MyXMnHU, He BWKOHAHO MIKpPOCKOMiYHE BU-
3HaYeHHS MiCTOMOrYHOrO MIATUMY 3M10SKICHOMO NPOLIECY,
HM3bKWI BiOCOTOK AaHMX LLOAO KiMbKOCTI AOCHIMKEHNX
nimdoBy3niB y npenapati, He 34INCHEHO OLiHIOBaHHS
CTYNeHs 3MOSKICHOCTI NyxMnWHK 3a Lwkanoto low- abo
high-grade ToLLo).

BucHoBKHM

1. Mig Yac onepaTuBHKX BTPYyYaHb 3 NPUBOAY ycknaa-
HEHMX hopM paKy 06040BOI KULLIKV NMiMdaThiHa ANCEKLis
B MiHiManbHomy 06cs3i (D1) BukoHaHa 54 (76,06 %) navi-
eHTam, 6e3 BuganeHHs niMaTniHuX By3niB OnepoBaHo
17 (23,94 %) xBOpUX.

2. HepocTaTHin piBeHb BUKOHAHHSA MiMaTUYHUX
AVICEKLN Y XBOPWX i3 yCKNaaHEHMM (hopMamu 3MOsIKICHOT
naTonorii TOBCTOTO KULLIKIBHUKA He Aae 3MOrv OLiHWATU
pearbHy KapTUHY MEeTacTaTU4HOrO yYpaXeHHs perioHap-
HUX NiMOBY3NIB | BU3HAYMTK NpaBunbHy cragiio pN 3a
TNM 8 (y 17 (23,94 %) xBopux B3arasni He 34INCHUAK
natomopdponoriyHe oujHoBaHHs, y 40 (56,34 %) naui-
€HTIB Y Npenaparti He HaBEAEHO KifbKICTb AOCNIIKEHUX
nimcpaTuyHMX By3niB).

3. Y cTpykTypi cTaginHocTi oHkonatonorii B 12
(16,90 %) xBOpMX CTafjt0 OHKO3aXBOPHOBAHHS BU3HAYM-
nu TiNbKKM 3a kpuTepiem cTynens iHeasii (T), y 5 (7,04 %)
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— NULLE 33 AaHUMW IHCTPYMEHTANIbHOMO OOCTEXEHHS
1 iHTpaonepauiiHoi peBisii (kniHiyHO), cTagia byna
3aBuLLeHa.

4. Te, WO He 3AJNCHUNM YiTKE NOCNIAOBHE OLiHIOBaH-
HS1 MaKpPOCKOMIYHMX, MiKPOCKOMIYHMX, IMYHOTCTOXIMIYHIMX
i MOMNeKynsIPHUX XapaKTepUCTUK NYXITMHHOMO MpoLecy
B 17 (23,94 %) naujeHTiB, NpU3BENO A0 HETOYHOCTEN
Mif Yac BU3HAYEHHS CTadiNHOCTI MYXAMHHOTO NpoLecy,
a OTXe BMMMHYNO Ha MPOTrHO3 LWOAO peLManBYBaHHS
Ta BWXKMBAHOCTI XBOPUX, TakTUKY micrsonepayinHoro
NiKyBaHHS.

MepcnekTuBM nopganblux gocnigxeHb. CTBO-
PEHHS YiTKMX, 0BI'PyHTOBaHUX pekoMeHZauin Wwono
iHTpaonepaLinHoi TakTUKW B pasi yCKnagHeHnx gopm
3105IKICHOT NaTosorii TOBCTOrO KMLLKIBHWKA, & TAKOX LLOA0
MOCIiAOBHOrO aHaniy MakpOCKOMiYHMX, MIKPOCKOMIYHMX,
iIMYHOFICTOXIMIYMX i MOMNEKYNAPHUX XapaKTepUCTUK Nyx-
JIMHHOrO Npouecy Mg Yac natoMoponoriYHoro Aocri-
[DKEHHS! JacTb 3MOry 34iNCHUTM BCeGiYHE OLHIOBaHHS
MYyXAMHHOTO NPOLIECY Ta BU3HAYUTW ONTUMATbHY TaKTUKY
niKyBaHHs1 XBOPOTO.
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Po3puB ancTansHoro Cyxoxwusika A4BoronoBoro M’3a HanvacTille [iarHoCTY0Tb Y HYOMOBIKiB NpaLie3arHoro Biky, TOMy TEPMiHK
NiKyBaHHS Ta piBeHb OyHKLOHANbHOIO BiAHOBMNEHHS MAE BaxXJIMBE COLianbHO-EKOHOMIYHE 3HaYeHHsl. CyyacHMIn HayKoBUI
MOLUYK 30iCHIOI0TH 30KpeMa i 4nst MiHiMi3aLii KinbKOCTi yCKnagHeHb, IK-0T NOBTOPHWX PO3pUBIB. HaykoBwii iHTepec BUKIUKalOTb
CyyacHi TEXHOMOTii, CPSIMOBAHI Ha CTUMYIALK0 pereHepaTuBHUX NPOLIECIB, 8 CamMe BUKOPUCTaHHSA CTPOMaribHO-BacKynspHOI
dpakuii (CB®) abaoMiHanbHOi XMPOBOT TKaHUHW. Y CTaTTi HAaBEAEHO pesynbTaTh NpakTu4Horo 3actocyeaHHs CB® nig vac
XipypriYHOro BiAHOBMEHHS ANCTaNbHOTO CYXOXWIIKa ABOrONOBOro M'a3a nieva.

MeTta po60TH — LUNSXOM BUKOPUCTAHHS CTPOMAsIbHO-BaCKyNspHOI hpakLii, Lo OTPMMaHa 3 XUPOBOT TKaHNHU, NOKPaLLMTH
pesynbTaTi XipypriYHoro nikyBaHHs! pO3pyBY AMCTaNBHOMO CyXOXWIIKa ABOrONOBOrO M’A3a nreya, CKOpoTUTW TEPMIHV BiAHOB-
NEHHS Ta 3MEHLUWUTU NUTOMY Bary YCKNagHEeHb.

Matepianu Ta meToau. [OCRiMKEHHS 30INCHANM LUNSAXOM OLLiHIOBaHHS Pe3ynbTaTiB XipypriYHOro BiHOBMNEHHS AMCTanbHOro
CyXOXMrika 4BOrorIoBoro M'si3a B 34 nauieHTis. XBOpyX NOAiNuUmv Ha 2 rpynu: 3 iHTpaonepaLiHiv BeegeHHsam CBO y micue
pedikcauii (rpyna gocnimkeHHs, n = 14) Ta 6e3 Hboro (rpyna nopiBHsHHA, n = 20). Ha KOHTpOnbHMX ornsaax Yepes 3 aHi, 2
i 6 TWKHIB, 3 MicALi OUIHWNK pe3ynbTaTh NavieHTiB, 3acTocyBaBlum wkanv BALL, DASH, a Takox Bu3Haumnm obcsr pyxis B
ypaxeHoMy nikTboBoMy Cyrnobi. MNepen onepauieto Ta Ha KOHTPOMbHUX OMMSAAX BUKOHANW 3aranbHuii aHania kposi (3AK),
30iACHWNN KinbKiCHe BU3HaYeHHsi C-peakTMBHOrO Ginka.

Pesynikrartu. He 3adhikcyBanu BUHUKHEHHS YCKNaAHEHb, a TaKOX HE BUSIBUNM Pi3HWLLO 3a piBHeM C-peakTuBHOro binka ta 3AK
y navieHTiB 060X rpyn y BCi TEPMiHW AocnimkeHHs. BuaHaumnu, Wwo Ha 2 TvkHi ouiHka 3a BALL y rpyni gocnigkeHHs ctatuc-
TWYHO 3HAYYLLO MEeHLLA, a ouiHka 3a DASH Ha KOHTPONbHKX Ornsaax Ha 2 i 6 TxKHI B L rpyni CTaTUCTUYHO 3HAYYLLO KpaLua.
Ha KoHTporbHWX ornsigax vepes 2 i 6 TYxHIB BCTAHOBUMW, LLIO 06¢Ar npocyniHaLiiHX pyxis y rpyni AOCHiAXeHHS € 6inbLunMm.

BucHoBku. BukoprctanHs CB® He npu3Beno 4o BUHUKHEHHS Nicrnsionepaviiimnx ycknagHeHs. 3actocyBanHs CB® cnpusano
3MeHLLeHHI0 6oNboBOro CMHAPOMY B NepLLUi ABa TWXHI nicnsonepauiiHoro nepiogy. BeegenHs CB® y ainsHky pedikcadii Ta
HABKOMULLHI TKAHWHW Jano 3Mory CKOpOTUTM TepMiHu peabinitauii BHacnigok 6inbLu paHHBOTO BiHOBEHHS NPOCYNiHALIHUX
PyXiB y nepLui 6 TYXHIB nicns onepaTMBHOIO NiKyBaHHS.

Stromal-vascular fraction of adipose tissue
using in the repair of distal biceps tendon tears

M. S. Lisunov, M. L. Holovakha, M. O. Kozhemiaka

Distal biceps tendon rupture is most commonly found in working-age men, making the treatment terms and functional recovery
level of significant socio-economic importance. Modern scientific research aims to minimize the number of complications, par-
ticularly recurrent ruptures. Attention is drawn to modern technologies aimed at stimulating regenerative processes, including
the use of the stromal vascular fraction (SVF) of abdominal adipose tissue. The article presents the results of the practical
application of SVF in the surgical restoration of the distal biceps tendon of the shoulder.

The aim of the study: to improve the results of surgical treatment of distal biceps tendon rupture, shorten recovery times and
reduce the incidence of complications using stromal vascular fraction obtained from adipose tissue.

Materials and methods. The study was carried out by evaluating the results of surgical restoration of the distal biceps tendon
in 34 patients who were divided into 2 groups — with intraoperative introduction of SVF at the reattachment site (n = 14) and
without it (n = 20). At follow-up examinations after 3 days, 2 weeks, 6 weeks, and 3 months, the results of the patients were
evaluated using the VASH, DASH scales and the range of motion in the affected elbow joint was measured. In addition, a general
blood analysis and quantitative determination of C-reactive protein were performed before the operation and at follow-up visits.

Results. There was no difference in the level of C-reactive protein and the general blood analysis score between patients in
both groups at all study time points. It was found that after 2 weeks, the VAS score was significantly lower in the study group.
The DASH score on follow-up examinations after 2 and 6 weeks was significantly better in the study group. Also, at follow-up
examinations after 2 and 6 weeks, a greater volume of supination movements was observed in the study group.

Conclusions. The using of SVF did not lead to the development of postoperative complications. The using of SVF allowed
the reduction of the recovery time and decreased in the incidence of complications, as well as improved functional outcomes.
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Po3pvB gncTanbHOro cyxoxmurka ABOrONOBOr0 M'si3a
diarHocTytoTb i3 yactoToro 1,25 Bunaaky Ha 100 000
nauieHTiB 3a pik [1,3,4]. HanyacrTille BUHVKaE y YOrOBIKiB
cepeaHboro (HanbinbLL npavesnaTHoro) Biky [2,5—7] 3a
knacudikauiero BOOS [8]. 3gebinbLuioro Biapue cnpu-
YUHEHUN [ereHepaTnBHO-AUCTPOMIYHAM YPaXeHHAM
[MCTanbHOro CyX0XWIIKa ABOroI0BOro M's3a B MicLi npu-
KpinneHHst 4o ropGucToCTi NPOMEHeBOI KICTKM, BUHUKAE
Mig Yac po3rvHaHHa nepeannivys nig gieto BaHTaxy abo
BHACMIZOK HACMMbHOrO NepeposrvHaHHs B NiKTbOBOMY
cyrnobi.

Bigomo, L0 KOHCepBaTUBHE fiKyBaHHA NPU3BOAUTL
[10 HEMOBHOTO BiAHOBINEHHS (PYHKLLT NiKTLOBOTO Cyrnoba,
TOMy OnepaTviBHe NiKyBaHHS € BapiaHTom Bubopy Ans
3abe3neyeHHs1 MOBHOLHHOTMO BifHOBMEHHS Npave3aar-
HOCTi B HANKOPOTLLI TepMiHK. Yumano yearv npuainsoTb
BUOOpPY MeToZdy ONepaTUBHOIO MiKyBaHHS, 3-MOMK HWX
PO3pi3HAOTb aHKepHy dikcaLiio, gikcaLiio 3 BUKOpUC-
TaHHAM KOPTUKaNbHOTO I'yA31KOBOrO hikcatopa oBanbHOI
hopmu, dikcaLlito iHTephepEHTHUM MBUHTOM TOLLO. BTiM,
HE3anexHo Big METOAY, BU3HAYAKTb NEBHMWIA BiACOTOK
ycKnafHeHb: BTpaty cTabinbHOCTI dhikcatopa, NOBTOPHMIA
po3puB, reTepoToniyHy ocudikaLlito, KOHTPaKTYpy Nik-
TbOBOIO Cyrno6a, YLWKOMKEHHS! 3aAHBOMO MiXKKICTKOBOTO
HepBa 1 iHdeKUiHi ycknaaHeHHs [9,10].

Cy4yacHuin HayKoBMI NOLUYK CMPSIMOBAHWA Ha MiHi-
Mi3aLlito KifibKOCTi yCKNagHEeHb i NOKpaLLeHHs (yHKLIo-
HarnbHUX pesyneTaTis. BapTo pospisHATH yCKNagHEHHS,
LLIO MOB’s13aHi 3 MaLieHTOM, Ta YCKNaAHEHHS!, aCOLinOBaHi
3 TEXHIKOK ONEpaTUBHOTO BTPYYaHHs. HayKoBuiA NOLLYK,
CMPSIMOBAHWIA Ha 3MEHLLEHHS! YCKIaaHeHb, TpuBae. 30-
Kpema, BAOCKOHaMKTb METOAMKW ONepaTuBHOIO BTPY-
yaHHs [11,12], po3pobnsitoTb HOBI dhikcaTopu, BU3HaYaloTb
6e3neyHi B acnekTi aHaToMii HanpsiMu ceepaneHHs [13],
OLiHIOKOTb BNMB TOYKM pedikcaLlii Ha BIGHOBMNEHHS (hyHK-
Ui nikTboBOro cyrno6a. MNuTaHHS LWoAo TOro, SIK BMMHY T
Ha hakTopy, NOB'A3aHi 3 NaLliEHTOM, 3aNULLAETbCS aKTy-
anbHuM. BapTo 3BepHyTW yBary Ha BTpaTty cTabinbHoCTi
(hikcaTopiB i NOBTOPHI PO3PWBY ANCTANBHOIO CyXOXUIKa
[BOrONoOBOro M'A3a.

AKTyanbHUMM € Cy4acHi TEXHOMOT, L0 CNIPSAMOBaHI
Ha CTUMYMALLII0 pereHepaTUBHUX NPOLIECIB Y MiCLLi YLLKO-
[DKEHHS, SIK-OT BUKOPUCTaHHS CTPOMAaIIbHO-BaCKyNAPHOI
(hpakuii kupoBoi TkaHuHK (CBP) i MeseHxiManbHMX cToB-
6ypoBUX KNITWH Y NiATPUMLI pereHepaTopHUX NPOLIECIB.
[NoninoTeHTHI KNiTUHW, BBEAEHI B MICLIE YLUKOMKEHHS, Mig,
BMNMBOM GiONOriYHO aKTUBHMX PEYOBUH OMdepeHLito-
I0TbCSA B 33j@HOMY HanpsMi Ta CrpusitoTb BiGHOBMEHHIO
TKaHWH i3 HeobxigHUMKM BnacTueocTamu. Polly S. S. et al.
[I0BENK, LLI0 BOHW EKCNPECYI0Tb (hakTopu POCTY, BaXIMBI
NS BIiOHOBNEHHS CyxOXuska. Ekcnpecia Ta npogykuis
SDF-1a matoTb BUpaXEHWUN XeMoaTpakLiiHuA edekT i
CMPVYMHAIOTL Mirpauito kniTvH. CymicHe KynbTyBYBaHHS
3 TeHoOUMTaMu [ano OOAATKOBi AoKas3u aHabomiyHoro
snnvey CB® [14].

[xepenom Takux KniTuH moxe ByTu KicTKoBWI
MO30K i KMpoBa TKaHWHa. Mpouec oTpUMaHHs Me3eH-
XiManbHUX CTOBOYPOBKX KMIiTWH i3 KiICTKOBOTO MO3KY
6inblL iHBA3WBHUI i CKMagHiLWIMA TeXHIYHO, noTpebye
cenekuii KNiTuH in vitro Ta XapakTepuayeTbCs HU3bKOK
KINbKICTIO Me3eHXiMarnbHUX CTOBOYPOBUX KIITUH y Cy6-
cTparti. OTpumanHs CB® i3 XuUpoBOi TKaHUHW TEXHIYHO
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OpwuriHaAbHI AOCAIAKEHHSA

NPOCTiLle, Mae MEHLLI PU3UKN BUHUKHEHHS YCKNaAHEHD;
KOHLIEHTpaLlis Me3eHXxiManbHUX cToBOYpOBKX KIITUH €
[OCTaTHbLOI0, @ NPOLEC € LIBUALLMM, CYNpOBOLKYETHCS
MEHLUOI KiMbKICTIO TEXHIYHUX CKnagHowWiB i notpebye
MEHLUOI KinbkocTi 0bnagHaHHS. 3a AaHUMK CyyYacHWX
JocnimkeHb, GisionorivHi BNacTUBOCTI Me3eHXiMasbHUX
CTOBOYPOBYWX KMITUH, LLO ofepKaHi 3 KiCTKOBOrO MO3KY,
Ta B CB® xupoBOi TKaHUHM € igeHTuuHuMuK [15]. 3a
pesynsTatamut JOCHIMKEHHS!, Taki NONINOTEHTHI KNITUHY,
PO3MiLLieHi 6ins CyXOXMIKa, CNPUSItOTb NOTO BiJHOBMNEHHIO,
a Lie MoXe CKOpOTUTH TPMBAITiCTb pereHepaLlii, No3UTUBHO
BMMHYTYU Ha BiHOBINEHHS CTPYKTYPU Ta NMOKPaLLMTM 0ro
6iomexaHiuHi BnactmeocTi [16].

Liang-Yu Lu et al. pocnigunu npouec pereHepadii
pOTaTOPHOI MaHXeTK nreva KponiB i3 BUKOPUCTAHHSIM
CB® >xwupoBoi TkaHuHM Ta 6e3 Hei. 3a pesynsratamu
JOoCnimKeHHs, B MicLi pedikcallii cyxoxunka B pasi 3a-
cTocyBaHHsi CB® BU3HaUMNM YOTMPULLIAPOBY CTPYKTYPY,
L0 BKMOYana CyXOXWUMoK, BOMIOKHUCTWIA XPsiLL, Karnb-
LMikoBaHUIA XPALY, i KICTKOBY TKaHUHY. Y KOHTPOMbHIN
rpyni micue pedikcauii 3gebinbloro cknaganocs 3
KOMareHOBUX BOJIOKOH i3 HE3HAYHOIO KiNbKICTH) CXOXMX
Ha xoHgpouutu KniTuH [16]. Kpim Toro, B rpyni CB®
BU3HAYWUNM NepeBaxaHHs konareHy came | Tuny Ta no-
cunenwii cunted BMP-2 (Bone Morphogenetic Protein),
L0 TaKoX MO3WTMBHO BMIIMHYNO Ha CTPYKTYpPY Micus
npukpinneHHs. MNpo ue ceigyath i pesynsrati ouiHio-
BaHHA MaKCMMAaribHOro HaBaHTaXEHHS Ta XOPCTKOCTI
Micus pedpikcallii MaHXeTu, ski gocsrany HanbinbLUMX
3HayeHb Ha 8 TwxHiI nicnsa onepauii [16].

Mig yac aHanisy pesyneratiB BukopucTaHHs CB®
XMPOBOI TKaHWUHK Ta Me3eHXiMarbHUX CTOBOYPOBMX KIli-
TWH BWU3HAYMNW, L0 NEBHA KiNbKicTb pobiT npuceaveHa
X BUKOPUCTAHHIO Mg Yac NikyBaHHS po3puBY axifoBoro
CYXOXWIIKa, MOLIKOAXKEHb POTATOPHOI MaHXeTu, nare-
panbHOrO M MeaianbHOro enikoHAUMITIB, TeHAUHoNaTil
BIACHOI 3B'13KM HagKoniHka Towo [17]. MokasaHo nep-
CNEKTUBHICTb | AjeBicTb 3acTocyBaHHa CB® y Tepanii
YLUKOPKEHb CKENETHO-M'S30BOI CUCTEMM, arne B AOCTYMHIl
dhaxosiit nitepaTypi He BUSBUNN JOCAIMKEHHS, LIO Npu-
CBSIYEHi BNNMBY Me3eHXiManbHUX CTOBOYPOBMX KMITWH
Ha BiJHOBMEHHS NauieHTiB i3 pedikcaLieto aucTanbHOro
CyXOXWITKa [BOrOMoBOro M’si3a nneva.

Merta po6otu

LnsxoM BMKOPUCTaHHS CTPOManbHO-BacKynspHoOi
¢hpakuii, Lo oTprMaHa 3 XUPOBOi TKAHWHM, MOKPALLUTK
pesynbTath XipypriYHOro nikyBaHHs pO3puBY AUCTarbHOTO
CyXOXWrIKa ABOrONI0BOro M’si3a nrieya, CKOPOTUTY TEPMIHM
BiJJHOBMEHHS Ta 3MEHLUMTW MUTOMY Bary yCKNnafHeHb.

Martepianu i meToAM AOCAIAKEHHA

Y pocnigkeHHi B3sanu yyactb 34 nauieHTu 3i CBiKUM
PO3pUBOM AMCTamNbHOTO CYXOXWIIKa ABOrOMOBOr0 M's3a
nneva, 3-nomix Hux 33 (97,05 %) vonosiku. CepepHin Bik
xBopux cTaHoBuB 49,5 poky (Big 34 o 62 pokis). Kpu-
Tepii 3any4eHHst — HasiBHICTb CBiXOro (no 7 Aib) sigpvey
JVCTanbHOrO CyXOXurika 4BOrofioBoro M's3a nneya, Big-
CYTHICTb B @aHaMHesi TPaBM i 3aXBOPIOBaHb TPAaBMOBaHO!
BEPXHbOI KiHLIBKM, LLIO MOXYTb BNAUBATK Ha ii yHKLt0.
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OnepaTnBHe nikyBaHHA Ta KOHTPOMbHI OrNsAAun
3gificHuMnM Ha 6asi TpaBMaTONOrivyHOro BigAiNeHHSs
KHIM «3anopisbka obnacHa kniHidHa nikapHsi» 30OP, Tpae-
martonoriyHoro BiaaineHHs OO0 «KJNIHIKA MOTOP-CIY»,
0OpTONeao-TPaBMaToNOrNvyHOro BiAAINEHHA 3 MKKaMu
nonitpasmu KHIM «Micbka nikapHs eKCTpeHoi Ta LWBMAKOT
meauyHoi gonomorn» 3MP (M. 3anopixokst). MaujieHTiB
noiHopMyBanu NPo y4acTb Yy KNiHIYHOMY AOCHIIKEHHI,
03HaoOMMIIN 3 10r0 AM3aNHOM; BOHU Hafanm nucbMoBy
iHpopMmoBaHy 3rogy Ha y4acTb.

Yci 34 navjieHT npoonepoBaHi 3a 04HaKOBOK METO-
VKoK — MoamndikoBaHMM criocobom dikcauii guctans-
HOTO CyXOXMIKa [BOrOfIOBOrO M'si3@ 3 BUKOPUCTAHHSIM
KOPTUKANbHOTO I'yA3vKOBOrO (hikcaTopa oBasnbHOi hopmMu.
XBOpWX NOAINUAW Ha ABi rpynu: rpyna nopiBHAHHA — 20
navuieHTiB, SKMM 30iNCHUMK onepaTuBHE BTPyYaHHs 6e3
BBefieHHS 6ioNoriYHO aKTUBHMX PEYOBMH Y MiCLie YLUKO-
IDKEHHST; y TPYNy AocnimkeHHs 3anyumniu 14 ocib, sikux
onepyBany 3a Takok Camot0 XipypriyHO TEXHIKOI0, ane
3 BBefeHHAM CB® y kykcy OMcTanbHOro cyxoxurka
[BOroNoBoro M'sida Ta B Micue pedikcauii. MauieHTis
npoiHopMyBanu Lwofo ocobnusocTel 060x METOLIB Xi-
PYpriYHUX BTPy4aHb, MOXITUBMX YCKMaAHEHb, NICNS LibOro
BOHV CaMOCTi/iHO 0bMpanu MeToA NiKyBaHHs.

XipypriyHe BTpy4YaHHs! 3 BAKOPUCTaHHSIM KOpTUKarb-
HOTO I'yA3VKOBOrO (hikcaTopa oBanbHOT opmm 3aiNCHUNMN
mogaudikoBaHuM cnocobom [18,19]. B obox rpynax
3aCTOCyBanu KOpTUKanbHWI I'yA3vKkoBuiA dikcatop BUPob-
HuuTea TOB «HBIM IHTPAMEL-CEPBIC», BUroToBNEHMIA
3i cnnasy TuTaHy BT-6, i WwoBHWUI MaTepian, Wo He po3-
cmokTyeTbes #2 FiberWire Suture. Y nicnsonepauiiHomy
nepiogi B nauieHTis 060x rpyn 3gjiicHunm immobinisavito
KOCWHKOBOHO MOB’A3KOK TEPMIHOM 2 TUXHI.

O6uasi BMGipky NpoaHanisyBanu 3a BikOM, CTaTTHo,
IMT, nepioom Big BAHVKHEHHS TPABMM [0 ONepaTUBHOIO
nikyBaHHs1. BCTaHOBWMW, LLO rpyny NaLeHTIB CTAaTUCTUYHO
He Bigpi3HstoTbCS 3a BikoM (p = 0,74), ctatTio (p = 0,23),
IMT (p = 0,50) i TepmiHom nicnga Tpasmu (p = 0,82).

[JliarHo3 po3pwBy AMCTanbLHOrO CyXOXMIka ABOromno-
BOr0 M'si3a BCTAHOBUMM KNiHIYHO: Ha MigCTaBi xapakTep-
HUX ckapr Ha 6inb y nikTboBOMY Ccyrnobi Ta AncTanbHin
TPETUHI Nneva 3 NopyLeHHsAM yHKUii (ocnabneHHs
3rYHaHHA Ta cyniHavii nepeannivyys, GonicHicTb nig vac
BUKOHAHHS! LIMX PYXiB), BUHUKHEHHS SIKUX MOB'A3aHe 3
pO3rMHaHHSIM Nepeannivys nig Bnnveom Barv abo nig vac
nigHATTS BaHTaxy. O6'€KTMBHO B NaLiEHTIB BU3HAYanm
no3nTMBHUIA hook-TECT, NanbNaTopHO BUSIBUNW CKOPO-
YEHHSs1 YepeBLS ABOrONOBOro M’'si3a B AMCTanbHiN TPETUHI
rnreya Ta 3anagaHHs B MiCL{i aHaTOMI4YHOrO NPUKPINIEHHS
AUCTanbHOro cyxoxunka. 3a HeobOXigHOCTI 3aicHUNK
¥3[] abo MPT nikTboBOro cyrnoba, Lo Aano nigcrasu
0CTaTO4YHO BCTAHOBWTU JjjiarHo3.

CB® opepxanu nepepn onepaTtvBHAM BTPYYaHHAM
3a METOAMKOMW, LU0 HaBedeHa HuxYe. FK JOHOPCHbKY
AinsHKy obpanu nepegH YepeBHy CTiHKY. B ymoBax
onepavuinHoi 3aiicHUNYM iHinbTpauilo micus B3ATTS
po3unHom 100 mn 0,9 % NaCl, 5 mn 2 % po3uuHy nigo-
KaiHy 3 gopasanHam 0,05 Mr agpeHaniHy rigpoxnopuay.
AupoBy TKaHWHY OTpUManu METOQOM MiKpPOMinocaKLil.
[ins B3aTTs 3actocysanu Habip Microlyzer SVF Kit (Bu-
pobHuk — T-Biotechnology Ltd.). BukoprcToBytoum lwnpw
i poBry ronky Ans ninocakuii, 3aincHunm 3abip xuposoi
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TKaHWHK; Nicns Lboro Matepian nomicTunu B npobipku,
ueHTpudyryeanm npu 2400 o6epTax BIPOAOBX 5 XBUMKH.
3nincHunm 3abip cepenHbOi dhpakuii B WNPUL, i LWNSXOM
NOBTOPHOIO NEpPEMILLEHHSI OTPUMAHOro MaTepiany Yepes
dineTp 100 MK BMKOHaNM nogpibHeHHs dpakuii, uew
cybcTpaT noBTOPHO LieHTpudyryeanu. 3aincHunm 3abip
HanHWkYOoi cppakuii 3a gonomoroto wnpuua 5,0 mn, ska
1 ctaHoBuna CB®. MpubnmsHuii Yac oTprMaHHS npena-
paTy BignoBigaB NoYaTKy OnepaTMBHOIO BTPYyYaHHs, abu
MiHiMi3yBaTW nepiof Big NPUroTyBaHHS npenapaty go
1noro BBeeHHs — 6nmabko 20—30 XBUMKH.

Jo CB® popaeanu oTpuMaHy 3a Knacu4HOK MeTo-
avkoto [20] Ta 36araueHy TpomboumTamu nnasmy (PRP)
B 06’emi 2—4 mn. Liei npenapat BBOAMIYM B 30HY NPUKpIn-
NEeHHs 1 iHINbTPYBay AUCTanbHY YacTUHY CyXOXWIKa
[BOrOMoOBOro M's3a nrieya nicns BUKOHaHHS XipypriYHol
pedikcauii cyxoxunka.

Mig yac ornagy vepe3 3 gHi, 2 i 6 TWXHIB, 3 MicsL;
nicns BTPyYaHHS NaLieHT OLiHIoBaB CBili 60NBLOBUI CUH-
Apom, 3actocoBytouu Lukany BALL [21]. Ha 3 aeHb nicns
onepauii nayieHTy NponoHyBanu ouiHnTM 6onboBui
CUHAPOM Yy cnokoi. Ha ornsgax yepes 2 i 6 TuxHiB, 3 Mi-
CcsLi nicns onepaTMBHOIO BTPYYaHHS OLHIOBamNM akTUBHi
pyxu B NiKkTbOBOMY Cyrrobi Ta 60nboBi BiguyTTs 3a BALL.
3BepTanu yBary Ha 6GonicHiCTb mpoHaLii Ta cyniHauii
NepeannivYs, po3rMHaHHs.

OuiHtoBaHHS (PYHKLOHANBHWX Pe3ynbTarTiB 3iicHIN
3a wkanoto DASH yepes 3 aHi, 2 i 6 TWXHiB nicns onepa-
uii. Lien onmtyBanbHuk Bkntodae 30 3anuTaHb LWogo Npo-
6rem y NoBCAKAEHHOMY XUTTi, BUPAXEHOCTi CUMMTOMIB i
coLianbHUX 0OMEXEHB, LLIO 3yMOBMEHi TPaBMOK BEPXHBOT
KiHUiBkv. Bignosiai HaBogsATb y 6anax (sig 1 oo 5 ans
KOXHOrO 3anuTaHHs). IHTepnpeTytotb 3a 100-6ansHot0
LUKanoto, 3a JOMOMOrOK SKOI MOXHA KiNbKICHO OLiHUTU
0BMEXKEHHS XUTTEBOI aKTUBHOCTI Yepe3 AncAyHKLio
TPaBMOBaHOi BepXHbOi KiHLiBKM (0 — HeMae oBMexeHb,
100 — Hag3BMYaNHO BUPaXeHi 0bMexeHHs) [22].

Kpim Toro, Ans ouiHIOBaHHS YHKLT NIKTLOBOTO Cyr-
noba BUMIpANM 06CAr aKTUBHUX PYXiB, BUKOPUCTABLLIN
roHiomeTp.

[ns BU3HAYEHHS MOXIMBOTO CUMCTEMHOrO 3ana-
neHHs B pe3ynbrati BnnvBy CB® Ha opraHiam nauieHta
[0 onepadii, Ha 3 OeHb, Yepes3 2 i 6 TWKHIB BUKOHANK
3aranbHuin aHani3 KpoBi, @ TaKoX KinNbKiCHe BU3HAYeHHS
C-peakTuBHoro 6inka.

CTaTUCTMYHe onpauloBaHHA YMCMOBUX 3HAYEHb
3qiicHMnu 3a gonomoroto nporpamu Statistica 13.0 Tibco
Software Inc. (niueHsis Ne JPZ8041382130ARCN10-J).
[ns aHanisy ouiHok 3a DASH i BALL (opanHanbHui tun
LUKanW) BUKOPUCTanu MeiaHy Ta AOBipYMIA iHTepBan ans
megdiaHu. AHani3 Biky, TepMiHy nicns Tpasmu 4o onepa-
TuBHOroO NikyBaHHsl, IMT, pesyneraTis aHanisiB kpoBi Ta
o6cAry pyxiB (iHTEpBanbHWA TAM LIKaNK) 34iINCHUNM 3a
cepeaHiM apuMeTUYHUM i CTaHOAPTHOK MOXMUOKOI.
Mg vac aHanisy ouiHok 3a DASH, BALL, obcsry pyxis i
pe3ynkTaTiB aHanisy KpoBi (ABi HEMOB'A3aHi CyKYMHOCTI 3
pO3MoAINoM, LWO BiAPi3HABCS Bif HOPManbHOrO) BUKOPU-
CTanu METOAMN HenapameTpPUYHOI BapiaLiiHOi CTaTUCTUKK
— U-kputepiit MaHHa-BiTHI. [1ns nopiBHsSHHA BMBipoK
3a CTaTTiO MauieHTiB 3acTocyBanu xi-kBagpart [lipcoHa.
PisHnuto mix Bubipkamu BBaxanu LOCTOBIPHOM, SIKLLO
3HauveHHs p < 0,05.
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OpwuriHaAbHI AOCAIAKEHHSA

Ta6nuus 1. OuiHkm 3a wkanoto BALL vepe3 3 agHi, 2 i 6 TWXHIB nicns onepaTUBHOMO BTPyYaHHs

2,0 (95 % Cl=1,0-2,0)
2,0 (95 % Cl=1,0-2,0)

4,0(95%Cl =
5,0(95%Cl=

4,0-5,0)
5,0-6,0)

pyna pocnimkeHHs
pyna KoHTponto

50(95%Cl=
6,0(95% Cl =

3,0-5,0)
6,0-6,0)

*1 CTATUCTUYHO 3HAYYLLA Pi3HNLA ANS rpyni JOCNIMKEHHS Ta nopiBHAHHS, p = 0,0006.

Ta6nuus 2. OuiHkm 3a wkanot DASH uepes 3 gHi, 2 i 6 TvkHIB, 3 MicsLi nicns onepaTUBHOTO BTPYYaHHS

20,5 (95 % Cl = 17,0-24,0)

Mpyna AoCHimKeHHs! 81,0 (95 % CI = 76,0-84,0) 48,0 (95 % Cl = 40,0-50,0)* 28,0 (95 % Cl = 23,0-32,0)*
(p=0,0043) (p = 0,0086)
Ipyna nopiBHAHHS! 78,0 (95 % Cl = 74,0-80,0) 54,0 (95 % Cl = 53,0-55,0) 33,0 (95 % CI = 31,0-34,0)

22,5 (95 % Cl

=21,0-24,0)

*: MO3HAYEHO CTaTUCTUYHO 3HavyLa piSHMLlﬂ ana rpynun ,D,OCﬂi,Cl,)KeHHﬂ Ta I'IOpiBHS!HHFL

Tabnuus 3. Pe3ynbrati BUMiptoBaHHs! 0Bcsry pyxi Ha KOHTPOMbHKX ornsigax y rpyni BukopuctanHs CB® i B rpyni koHTponto

3ruHaHHaA 98,50 + 1,93° 101,00 + 1,87°
p=0,411

Po3ruHaHHs 128,14 +1,52° 127,05 + 1,89°
p =0,806

Cyninauis 34,71+ 0,97° 34,90 £ 0,63°
p=0,944

IMpoHauis 34,50 + 1,05° 35,05 +0,74°
p=0,726

85,79 +1,71° 87,70 + 1,35° 58,00 + 2,27°
p=0,382 p=0,637
142,36 + 1,28° 143,55 + 1,36° 172,43 £ 0,98°
p=0,637 p=0,861
55,64 + 0,64° 53,5+ 0,62° 76,14 £ 1,05°
p=0,041* p =0,037*
56,21 +0,97° 53,25 +0,82° 76,78 + 0,98°
p =0,044* p =0,003*

56,25 +2,13°

172,75 £1,03°

73,00 £0,91°

73,10 £ 0,54°

S N 1

*: CTAaTUCTUYHO 3HaYyLLA Pi3HULA.

PesyAbTati

Yci XipypriyHi BTpyYaHHs 3giicHunu B nepiog 3—7 AeHb
nicnst TpaBmu. Y paHHbOMY nicnsionepaviiHomy nepiogi
yCKMagHEeHHs He 3achikcyBanu. 3a pesynbratamu 3aranb-
HOro aHanisy Kposi, B nauieHTiB 060X rpyn BU3Ha4anm
NiABULLEHHS BMICTY NenkouuTiB Y KpoBi Ha 3 foby nicns
onepaLii, ane 6e3 nepeBuLLEHHS pedePEHTHNX 3HAYEHD.
lMaTonoriyHuin 3cyB nenkouuTapHOi hopMynu BiBO B
nauieHTiB rpynu AOCMIMKEHHS Ta rpynu KOHTPOIIO He
BUSIBUIK. Y BCIX XBOPUX A0 BTPYYaHHs nokasHukn C-pe-
aKTUBHOrO Ginka — B Mexax petepeHTHUX 3HaueHb:
1,70£0,17 mr/ni 1,89 £ 0,14 mr/n y rpyni BUKOPUCTaHHS
CB® i rpyni koHTpons signosigHo (p = 0,46).

Hapani cnocrepiranv nigsuLleHHs pisHs C-peakTus-
Horo Ginka y BignoBigb Ha onepaTuBHE BTPYYaHHs, ane
Ha KOHOMY 3 KOHTPOIbHUX LOCTILKEHb HE BCTAHOBUIN
CTATUCTWUYHO 3HaYyLLy Pi3HULIO B Ipyni BUKOPUCTAHHS
CB® i rpyni NopiBHSHHSA: Ha TPETIN AeHb MICNS NOKa3HU-
ku ctaHoum 49,40 + 3,02 mr/mn i 50,20 £ 1,73 mr/mn
(p = 0,90), yepes 2 TwxHi nicnsa onepaduii — 16,80 + 1,38
mr/mn i 18,87 £ 1,25 mr/mn (p = 0,51), yepes 6 TUXHIB —
6,00 £ 1,01 mr/mn i 7,30 £ 0,77 mr/mn (p = 0,19) y rpyni
3actocyBaHHst CB® i rpyni nopiBHsiHHS BignosigHo. He
JiarHocTyBanu iHeKLUinHi ycknaaHeHHs B navieHTiB 060x
rpyn. YCKNagHeHHs, Lo NOB'A3aHi i3 BTpaToro CTabinbHOC-
Ti hikcaTopa, He BUSIBUNW.

MepiaHa ouinkv 3a BAL y rpyni gocnimkeHHs yepes
3 oHi nicns BTpyyaHHs ctaHoBuna 4,0 (95 % Cl = 4,0-5,0)
6ana, y rpyni konTponto — 5,0 (95 % CI = 5,0-6,0), wo
CTaTUCTMYHO BIpOrigHO He BiApisHaeTbes (p = 0,146)
(mabn. 1). Megiana ouiHku 3a BALL y rpyni focnigKeHHs
yepes 2 TWKHi nicns BTpyYaHHs gopisHioana 5,0 (95 %
Cl = 3,0-5,0) 6ana. Lle ctaTMCTUYHO 3HAYYLLO MeEHLUE
(p = 0,0006), Hixk NOKa3HMK Y rpyni NOPIBHAHHS, A& Meai-
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aHa ouiHok 3a BALL ctaHosuna 6,0 (95 % CI = 6,0-6,0)
6ana. Yepes 6 TWxHIB nicnst onepaLii MeajaHa OLiHKM 3a
BALL'y rpyni pocnimkeHHs ctaHosuna 2,0 (95 % Cl=1,0—
2,0) 6ana, B rpyni koHTponto — 2,0 (95 % CI = 1,0-2,0)
6ana (p = 0,41) (puc. 1).

MegiaHa oujHok 3a wwkanoto DASH y rpyni 3 Buko-
puctanHam CB® i rpyni koHTponto yepes 3 gobu nicns
BTPpyYaHHs ctaHoBuna 81,0 (95 % Cl = 76,0-84,0) Ta 78,0
(95 % ClI =74,0-80,0) BignoBigHoO; CTaTUCTUYHO 3HaYyLLa
pisHnua He BusiBneHa (p = 0,05) (mabr. 2, puc. 2). Pesynb-
TaTu nig Yac ormsgy vyepes 2 TWkHI nicns onepawii cratme-
TUYHO 3HAYYLLO Kpalli B rpyni 3actocyBaHHs CB®: 48,0
(95 % CI=40,0-50,0) npotn 54,0 (95 % Cl = 53,0-55,0)
y rpyni koHTponto (p = 0,0043) (puc. 3). O6cTexeHHs Ha 6
TVKHI Nicns onepaLlii TakoX Nokasano KpaLlwii pesynsrat
y rpyni gocnimxeHHs — 28,0 (95 % Cl = 23,0-32,0), Hix y
rpyni koHTporio — 33,0 (95 % Cl = 31,0-34,0) (p = 0,0086)
(puc. 4). KoHTponbHuii ornsg Yepes 3 micsi nicns one-
paTUBHOTO BTPYYaHHS HE BUSIBUB CTAaTUCTUYHO 3HAYyLLi
BiAMIHHOCTi MiX rpynoto, ae BukopuctoByBanu CBO, i
rpyni koHTporio (p = 0,156). MegiaHa owjiHOK 3a rpynamu
craHosuna 20,5 (95 % Cl = 17,0-24,0) Ta 22,5 (95 %
Cl =21,0-24,0) BignosigHo (puc. 5).

Ha koHTponbHOMY ornsaai Yepes 2 TWKHI nicns one-
PaTMBHOIO MiKyBaHHS aHani3 o6csAry pyxis y NiKTbOBOMY
cyrnobi onepoBaHoi KiHLiBKM MOKa3aB CTaTUCTUYHO 3Ha-
YyLLly Pi3HULIO 3@ MOKA3HWMKOM CyniHawii M rpynoto, ae
3actocoByBanu CBO®, i rpynoto nopiBHsHHA (mabn. 3).
O6c¢sr cyniHauii ctaHoBuB 55,64 + 0,64° i 53,50 + 0,62°
BignosigHo (p = 0,041); Ha ornagi yepe3 6 TWkHIB —
76,14 £ 1,05° i 73,00 £ 0,91° BignosigHo (p = 0,037).
Ha koHTponbHOMY ornsgi yepes 2 TUXHI BCTAHOBMIIM
TaKoX CTaTUCTMYHO BipOrigHY PisHULIK0 ANS NPOHaUi, Lo
craHosuna 56,21 + 0,97° ansa rpynn CB® i 53,25 + 0,82°
Ans rpynu nopisHsiHHS (p = 0,044). Yepes 6 TUxHiB obcsar
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1 Puc. 1. OuiHku 3a wkanoto BALL yepe3 3 gHi, 2 i 6 TwxHIB nicns onepaTUBHOrO
BTPyYaHHS, HaBeEeHO MegiaHy OLIHOK Ta 3HayeHHs p anst U-kputepito MaHHa-BiTHi.
7 Bicb x: TEpMiH KOHTPOMbLHOTO OrMsiAy; Bick y: oujHka 3a BALL; nynktupHa: 1 rpyna,

cyuirbHa KpuBa: 2 rpyna.

6
Puc. 2. OujHkv 3a wkanoto DASH yepes 3 AHi nicns onepaT1BHOIO BTpyYaHHs, HaBeAeHOo
5 = oo megiaHy oLiHOK Ta 3Ha4eHHs p 3a U-kputepiem ManHa—BiTHi. Bick X: rpyna gocnimkeHHs
4 (1 - rpyna 3 BukopucTaHHam CB®; 2 — koHTponbHa rpyna), eick Y: ouiHka 3a DASH.
p=0,146
3 Puc. 3. Ouinku 3a wkanoto DASH yepes 2 TvbkHi nicnst onepaTUBHOIO BTpyYaHHsl, HaBeae-
p =0,0006 HO MepjaHy OLLiHOK i 3Ha4eHHst p 3a U-kputepiem MaHHa—BiTHi. Bicb X: rpyna gocnimxeHHs
2 (1 - rpyna 3 BukopuctanHsim CB®; 2 — koHTponbHa rpyna), Bick Y: ouiHka 3a DASH.
1 p=041 Puc. 4. Oujitkv 3a wkanoto DASH yepes 6 TixHiB nicnst onepaTvBHOIO BTpy4aHHs, HaBene-
HO MefiaHy OLHOK i 3Ha4eHHs p 3a U-kputepiem ManHa—BiTHi. Bick X: rpyna focnimkeHHs
0 (1 - rpyna 3 BukopucTahHsiM CB®; 2 — koHTponbHa rpyna), Bick Y: oujiHka 3a DASH.
3 aHi 2 TXKHI 6 TvxHIB
- - Puc. 5. Ouinkv 3a Lwkanoto DASH yepes 3 micsiLii nicnst onepaT BHOTO BTPyYaHHs!, HaBese-
--- pyna AocrimkenHs — T'pyna nopisHsHHA HO Mefjiay OLLHOK Ta 3HaueHHs p 3a U-kpuTepiem MaHHa—BiTHI. Bick X: rpyna foCTimKerHs
(1 - rpyna 3 BukopucTahHsim CB®; 2 — koHTponbHa rpyna), Bick Y: oviHka 3a DASH.
2 s 3 e
86 62 -1
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84 58
82 56
(=]
5 80 5 5
S g 5
g 78 . 3
s s 50
gr 76 ér 48 o
74 46 S
72 o Median 44 -
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npoHaLii ctaHoBmB 76,78 £0,98°173,10 £ 0,54° ans rpyn
1i2 Bignos.igHo (p = 0,003). [ins 3rMHaHHSA Ta po3rMHaHHS
HE BM3HAYMIIM CTATUCTUYHO 3HAYYLLY Pi3HULIO Ha BCiX
KOHTpOIMbHUX ornsaax (puc. 6).

06roBopeHHA

OcHoBHi npobnemu nicns pedikcadii cyxoxwurka ABoro-
NOBOMO M’Ai3a Neva BUHWKATL Y nicnsonepawiiHomy
nepiogi nig vyac peabinitavii Ta NoOBEpPHEHHs NaLlieHTa [0

ISSN 2306-8027  http://pat.zsmu.edu.ua

noBHoLiHHOrO xuTTs. 3a gaHumm J. W. Hinchey et al.,
NOBTOPHWN PO3pWB HaWyacTille BUHMKAE B NepLui Tpu
TWXKHI MiCNs onepaTyBHOrO NikyBaHHs [23]. 3a3Hauunmo,
LU0 MeTa pedikcaLii — CTBOPUTM YMOBM ANt BiJHOBIIEHHS
aHaTOMIYHOI LiNICHOCTi AMCTanbHOMO CyXOXWUIKa ABOro-
NOBOro M’'13a B MiCLyi I0ro NPUKPINAeHHs. Y 4OCRIMKEHHI
C. C. Schmidt et al. nicnsonepauiiHi MPT-ckaHyBaHHs
nokasanu, Wwo Mopdonoris AUCTaNIbHOTO CyXOXWIKa
[BOTOIOBOr0 M's13a Nieya He NoBEpPTaETbCA 40 HEMOLL-
KOmKeHoro ctaHy [24]. Yepes pereHepaTviBHi 3MiHW B
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O6Csr 3rMHaHHs

3 oHi 2 TWKHI 6 TWXHIB
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=== Tpyna AocnifxeHHs

O6csr cyniHauii

50 p=0,037
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=== Tpyna AocnifxeHHs —— Tpyna nopiBHAHHS

OpwuriHaAbHI AOCAIAKEHHSA

06cAr po3rHaHHA
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=== Tpyna gocnigxeHHs

Puc 6. Pesynbtati BUMiptoBaHHS 0Bcsiry pyxiB Ha KOHTPOMBHIX OrMnsiaax B rpyni BukopucTaHHst CB® Ta B rpyni KoHTporHo.

pynu NOPIBHSHHS, ANSA SKWUX € CTATUCTUYHO 3HaYYLLA Pi3HULS, NO3HAYEHI CiPUM KOMbOPOM.

MiCLi YLUKOZXKEHHS Y NEeBHOI KinbKOCTi NauieHTiB npoLec
NPUPOLLIEHHST CYXOXWITKA CMOBINbHIOETLCS, B MicLi Npu-
KpiNneHHs BiH He BGHOBIIOE CBOK HOPMarbHY CTPYKTYpY
Ta GiomexaHiyHi BnacTuBOCTi. TOMY MILHICTb MPYKPINMeH-
HA € HEQOCTaTHLOK A1 (IZI0NOriYHMX HABAHTAXKEHD, i
Lile MOXe CpUYMHWTK BTpaTy cTabinbHocTi dikcauii Ta
MOBTOPHMIA pPO3puB [25].

BukopuctaHHs CB® cTae Bce NOLIMPEHILLMM y KocMe-
TONOrii Ta NNACTUYHIN xipyprii. MeaeHxiManbHi KNiTMHKW
[,aloTb 3MOTy CTUMYIIOBATH NPOLIECH pereHepaLlii Maibke
B Oyab-skiit TkaHuHi. Mig yac gocnimkeHHs 3aiicHUIu
nonepeHil aHania nokanbHoro Ta CUCTEMHOTO BMUBY
CB® Ha opraHi3am nioauHu. He BU3HauYMnu NatonoriyHi
3MiHW B 3ararnibHOMY aHanisi KPOBi, BCTAHOBMUIM 3iCTaBHi
piBHi C-peakTusHoro birnka B 060x rpynax y Bianosigb Ha
onepaTuBHe BTpyYaHHs. Lle cBiguuTb Npo BiACyTHICTb
CUCTEMHOrO BMUBY CTPOMAaribHO-BaCKyNApHOi dhpakuii
Ha OpraHi3m MioAWHY, a TakoX BIACYTHICTb rinepepriyHoi
BiAMOBIAi Ta NOKANbLHOTO 3ananeHHs B MiCLi BBEAEHHS
npenaparty. BTim, Ui nuTaHHS noTpebytoTh AeTanbHiWoro
BUBYEHHS.

AHania 60nb0BOro cUHAPOMY B nicnsionepaviiHomy
nepiogi nokasas: y rpyni, ge nauieHtam seogunu CBO,
6yna MeHLWa iHTEHCVBHICTb BONbLOBOrO CMHAPOMY Ha
KOHTPOMbHOMY OMNsAAi Yepes 2 TWXHI NiCNS BTPYYaHHS.
MoxHa npunycTuTH, WO 3aBASKM CKOPOYEHHIO TpU-
BanocTi nepebiry feskux NaHoK 3ananbHOro npouecy
CrnocTepirany 3MeHLLEHHs! TPUBANoCTi rocTporo 6onbo-
BOTO CMHAPOMY B paHHbOMY MicrisionepavinHoMy nepiogi.
Bnnwue 6ionoriyHo akTUBHKUX PEYOBWH, LLO MicTUTL CBO,
MOXIMBO, CMPUSIB 3HWKEHHIO IHTEHCUBHOCTI 60MLOBOTO
cuHapomy. HeobxigHo BpaxoByBaTH, L0 Me3eHXiMarbHi

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

KNiTUHW eKcnpecyroTb (hakTopy PoCTY, BaxIUBI ANS Big-
HOBIEHHS CyXOXWuIKa (ekcnpecia Ta npoagykuis SDF-1a
MaE BUPaXXEHWN XeMoaTpaKLiHUi edekT i CnpuinHse
MirpaLito KIiTuH, @ CyMiCHe KyrnsTUBYBaHHS 3 TEHOLMTaMU
[ano JoaaTkoBi 4okasv aHaboniyHoro Bnnmey SVF) [26].
IMpoTe NPUPOLLIEHHS CyXOXMIKa 30iACHIOETLCS He 3aBAs-
K1 KOMareHOBUM BOJIOKHaM, a Yyepe3 hopMyBaHHSI Cro-
MYYHOT TKAHWHM 3 MOBHOLIHHOK CTPYKTYPOI: CYXOXUITOK,
BOMOKHUCTUI XPSALL, KanbLmMdikoBaHUA XpaALy i kicTka [16].
Tomy CTUMYNIOBaHHS POCTY CMOSYYHOI TKAHWHW TaKoX
MO3WTVBHO BMIIMBAE Ha TEPMiHM 3anasibHOI peakLii B MicLyi
YLIKOKEHHS Ta (DYHKLIOHANbHUI pe3ynbrar.
MpoaHanisysaBLIM DYHKLiIOHAMNbHI pesynbraTy, 3a-
3HAYMMO, LLO NaLEHTU 3 TPYMK JOCTMKEHHS] BHACMIOOK
MEHLLOro 60MbOBOr0 CUHAPOMY MOTMW JOCArTH BinbLUMX
ycnixiB nig Yac peabinitauii. Lie nigTBepmxytoTh BULL
6anu 3a LwKanoto ouiHioBaHHA DASH Ha 2 i 6 TuxkHAX
nicns onepaTMBHOIO BTPYYaHHs. Y nonepeaHix Jocni-
IDKEHHSIX BU3HAYMIIM CKOPOYEHHS TPUBAOCTi NOKarbHUX
3anasbHUX peakLii Ta iHTerpaLii Cyxoxmurnka BHacmigoK
AndepeHuiaLii Me3eHxiManbHUX CTOBOYPOBUX KIiTUH, Ne-
PULMTIB Y HANPsIMi CyXOXWIKOBOT TKAHWHI 3 MOBHOLHHOIO
CTPYKTYPOIO, LLIO NPYU3BOAMIO A0 MEHLLIOTO (hOPMYBaHHS
6€e3CTPYKTYPHOI CMOMYYHOT TKAHWHM B MiCLij YLLKOKEHHS
Ta HaBKOSMLLHIX TKaHWHax [16]. MoxnuBo, Lie NO3UTUBHO
BMNMHYNO Ha obcsr pyxis nicns onepadii. Mig yac roHio-
MeTPii Ha 2 i 6 TYKHSAX Nicns onepauii amnniTyaa cyniHawii
Ta npoHauii B rpyni BukopuctaHHs CB® ctatnctnyHo 3Ha-
YyLLIO BULLA, HIX Y rpyni KOHTporto. OCKinbku aHaTOMIYHO
CYXOXWITOK JBOrOII0BOr0 M’si3a KpinuTbCS 3a 3aAHB0-Me-
JianbHo NMOBEPXHEHD LUMIAKY NPOMEHEBOI KIiCTKM, TOOTO
haKkTUYHO Y NPOMiXKY MiX MIKTHOBOKO Ta MPOMEHEBO
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p=0,861

6 TKHiB

—— [pyna nopiBHAHHS

p=0,003

6 TKHIB

—— Tpyna nopisHAHHS
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KicTkamu, Gyab-siki NaTonoriyHi po3pocTaHHst CNony4HOT
TKaHWUHW MPU3BOAUTMMYTb 40 OOMEXeHHs poTauinHMX
PYXiB, LLIO CNPUYMHATUMYTb 3MEHLLIEHHS obcsary cyniHauii,
NpoHaLii Ta (hyHKLIT NikTbOBOTO Ccyrnoba 3aranom. Mpote
3acTocyBaHHs CBD He CnpyymMHUIO pO3BUTOK CaikoBOro
npoLecy 1 0OMEXEHHS PyXiB.

[lo obMexeHb Ljei poboTU HaNEeXUTb OLIHIOBAHHS
XapakTepy MicLeBoro 3ananbHoro npowuecy B Mmicui
BBeaeHHa CB® 3a HecneumdivyHMMM NOKa3HMKaMK: 3a-
ranbHMM aHaniaom kposi, LUOE, CPB. 3a3Haunmo Takox,
Lo H6e3nocepeaHLO He aHanisyBanum NpoLec pereHepadii
cyxoxwnka. Lii obmexerHs 6yayTb BpaxoBaHi B HAcTyn-
HUX AOCTIIKEHHSIX.

BucHOBKU

1. BukopwctanHs CB® 3 abgomiHanbHOi XupoBoi
TKaHWHU nig Yac pedikcauii AUCTanbHOro CyxoXuIka
[BOrOMOBOIO M'si3a Nneva He NpU3Bero A0 BUHUKHEHHS
nicnsionepawiiHnX ycknagHeHb.

2. BukopuctanHs CB® nig yac pedikcauii gncrans-
HOTO CyXOXWrKa [BOrOfoBOro M'si3a nneva cnpusnio
3MEHLUEHHI0 6OMbOBOrO CUHAPOMY B MEPLUi 2 TUXHI
nicnsionepadinHoro nepioay.

3. BeegeHHs CB® y pinsHky pedikcauii ancransHoro
CyXOXMrIKa ABOrONOBOTO M'A3a Ta HABKOMMLLHI TKaHWHM
CMpVSINO CKOPOYEHHIO TepMiHiB peabiniTauii BHacnigok
6inbLL paHHBOrO BiOHOBMEHHS NpOCyNiHALMHNX PyXiB Yy
nepLi 6 TUXHIB Nicns onepaTMBHOIO NiKyBaHHS.

MepcnekTBM nopanblMX AOCNiAXEHb Mons-
ralTb y BMBYEHHI FCTONOTYHKX i NaTOdi3ionoriyHmx
ocobnueocTeit BnnmBy CB® Ha CyXOXWIOK i KicTKy y
MiCLi NPUKPINNEeHHs, AeTanbHOMY JOCTIAXEHHI CTPYK-
TYpW CyXOXUnKa B MicLi pedpikcaLii, BUSHa4eHHi BNIuney
CB® Ha KinbKiCTb i BUA YCKNaaHEHb Nicns onepaTuBHOrO
NiKyBaHHSA TOLLO.
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Gastroesophageal reflux disease (GERD) is one of the most common gastroenterological diseases. Therefore, the issues of
diagnosis and the most effective treatment of GERD are extremely relevant. Achieving a stable positive result of treatment is
impossible without taking into account the pathogenetic mechanisms of the development of GERD. Particularly relevant are
the little-studied issues of the influence of humoral factors on the development of GERD in the course of treatment. One of
the interesting biologically active substances is prostaglandin E,, the possible involvement of which in the mechanisms of the
development of GERD is insufficiently reported.

The aim of the study is to evaluate the effect of antireflux surgery on the level of prostaglandin E, in blood serum and to verify that
its changes after surgical treatment are associated with the decrease of gastroesophageal reflux and esophageal inflammation.

Materials and methods. 35 patients were examined with GERD who underwent laparoscopic total antireflux fundoplication.
There were 26 women (74.3 %) and 9 men (25.7 %). Their age is 55.3 + 11.3. The control group consisted of 20 practically
healthy people (women — 14 (70.0 %), men — 6 (30.0 %), average age — 56.7 = 10.6).

Immunoenzymatic analysis of prostaglandin E, was performed in blood plasma, which was obtained according to a stan’
dard method. Determination of prostaglandin E, (Prostaglandin E2 ELISA, KGE004B, RnD Systems) was carried out by the
immunoenzymatic method based on the use of the “sandwich® variant of the solid-phase immunoenzymatic analysis. The
procedure was carried out on the immunoenzyme complex ImmunoChem-2100 (USA) at the Department of Clinical Labora-
tory Diagnostics in Zaporizhzhia State Medical University. Research on the level of prostaglandin E, in the main group was
carried out before surgical treatment and 2—-3 months after surgery by taking venous blood and using the above test systems.
Statistical evaluation of the research results was performed using the Statistica for Windows 13 software package (StatSoft
Inc., No. JPZ8041382130ARCN10-J).

Results. The level of prostaglandin E, in the blood of practically healthy people was 16.7 + 6.1 pg/ml. In the main group,
the values of prostaglandin E, before surgical treatment were 25.8 + 5.7 pg/ml, after surgical treatment, they decreased to
13.5 £ 5.3 pg/ml. The detailed analysis of patients in the main group showed that the level of prostaglandin E, did not differ
statistically in different erosive forms of esophagitis, or CLE and NERD. But it is statistically different from the level of prosta-
glandin E, in practically healthy individuals of the control group. The conducted correlation analysis indicated that the level of
prostaglandin E, did not depend on the duration of acid exposure in the esophagus, as well as on the severity of esophagitis
or the presence of CLE.

Conclusions. With effective surgical treatment of gastroesophageal reflux disease, a decrease in the level of prostaglandin
E, after surgery is determined compared to preoperative data to the level obtained in a group of practically healthy patients.
The obtained dynamics of the level of prostaglandin E, indicates the possibility of this hormone influencing the tone of the
lower esophageal sphincter and active participation in the pathogenesis of GERD, which confirms the possibility of its use
as an additional diagnostic marker of inflammation in the esophagus and a marker of the effectiveness of surgical treatment.

AvHamika npoctaraaHauHy E, npu xipypriunomy AikyBaHHi
racTpoe3odareanbHoi pepAIOKCHOI XBOpoou

€. I. Tapapxi

lacTpoe3odhareansHa pedriokcHa xsopoba (TEPX) — ofHe 3 HaWNOLIMPEHILLKMX raCTPOEHTEPONOriYHUX 3aXBOPIOBaHb. ToMy
NWUTaHHS LLOAO AiarHOCTWKM Ta HanbinbLL edhekTnBHOTO NikyBaHHst TEPX MatoTb Heabusiky akTyanbHiCTb. [JJOCArHEHHS CTiliKoro
NO3UTWUBHOIO pe3ynbTaTy NikyBaHHs He MOXMMBe 6e3 ypaxyBaHHs NaToreHeTUYHUX MexaHiamiB BUHUKHeHHs TEPX. Ocobnveo
aKTyarnbHAMU € HEAOCTATHLO BUBYEHI MUTaHHA LLOAO BNMBY rymoparibHiX akTopis Ha BUHUKHeHHS TEPX y npoueci niky-
BaHHA. Of1Ha 3 LjikaByx GioNorivHO akTUBHMX PEYOBMH — NPOCTarnaHamH E,, MOXMMBa y4acTb AKOro B MexaHiaMax BUHUKHEHHS
F'EPX pocnigeHa HeaocTaTHbLO.

MeTa po60TH — OLIHMTM BNJIMB aHTMPEChIIOKCHOT OrepaLlii Ha piBeHb NpocTarnaHanHy E, B cupoBarLi KpoBi Ta nepekoHatmes,
LLO 10ro 3MiHW Micns XipypriYyHoro NikyBaHHS NOB’S3aHi 3i 3MEHLLEHHAM racTpoe3odareansHoro pedriokcy Ta 3ananeHHs
CTpaBoxoay.

Matepianu Ta metoau. Obctexunu 35 nauienTis i3 TEPX, kM BUKOHaNM nanapockoniyry ToTanbHy aHTUPedIOKCHY dyH-
ponnikauito (26 (74,3 %) xiHok, 9 (25,7 %) vonogikis). Bik nauieHTis cTaHoBKB 55,3 + 11,3 poky. B KOHTpONbBHY rpyny 3anyuunu
20 npakTtnyHo 3goposux ocib (14 (70,0 %) xiHok, 6 (30,0 %) Yonosikis), cepeaHiit Bik — 56,7 + 10,6 poky.

IMyHOdbepMmeHTHe AoCnimKeHHA npocTarnaHamHy E, 3aiiicHunv B nnasmi KpoBi, siky Ofepxkarny 3a CTaHAapTHOK METOAMKOH.
MpocrarnaHauH E, (Prostaglandin E, ELISA, KGE004B, RnD Systems) Bu3Hauniv iMyHO(hepMEHTHIM METOLOM, LLIO Ba3yeThes
Ha BYKOPUCTaHHI «CeHABiY»-BapiaHTa TBepaodasHoro imyHoepmeHTHoOro aHanisy. lMpoueaypy 3aincHUAN Ha iMyHO(EpPMEHT-
Homy komnnekci ImmunoChem-2100 (CLUA) Ha kadbeapi kniHiuHOi nabopaTopHoi fiarHOCTMKM 3anopi3bkoro AepKaBHOro
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Mean4Horo yHisepeuTeTy. [loCnimKkeHHs piBHA npocTarmaHauHy E, B OCHOBHIN rpyni 3ailicHNNM A0 ONepaTUBHONO MiKyBaHHS
Ta Yepes 2-3 micsui nicns onepauii Wwnsxom 3abopy BEHO3HOT KPOBi Ta BUKOPUCTAHHS Ha3BaHWX TeCT-cucteM. CTaTucTuyHo
pe3ynsTaTi AOCHIMKEHHS OLiHUNKM, 3acTocyBaBLUM NporpamHui naket Statistica for Windows 13 (StatSoft Inc., niueHsis
Ne JPZ8041382130ARCN10-J).

PesyniraTu. Y npaktniHo 300poBux oci6 piseHb npoctarmananHy E, y kposi ctaHoBB 16,7 £ 6,1 nr/mi. B ocHOBHIf rpyni 3Ha-
YeHHs npocTarmaxanHy E, 0o XipyprivHoro fiikysaHHs AopiBHIoBanu 25,8 + 5,7 nr/mr, nicnst Heoro 3Huannmues Ao 13,5 £ 5,3 nr/mn.
[etanbHuii aHania CTpyKTypu OCHOBHOI rpynu Nokasas, Lo piBeHb npocTarnaHanHy E, cTatucTiHo He BigpisHsBCA B navi-
€HTIB i3 pi3HNMK epo3vBHUMU hopmamu e3odpariTy, CLE i HeepoaunBHOK pednitokcHO XxBopo6oto. CTaTUCTUYHO BiporigHY
PI3HULIO BUSHAYNMM LLOAO PiBHA NpocTarnaHavHy E, y NpakTiHo 300poBux ocib KOHTponbHOT rpynu. KopensuiiHuil aHania
nokasas, LLO piBeHb NpocTarnaHanHy E, He 3anexuTb Big TPMBanoCTi KUCMOTHOT eKCrosuii B CTPABOXOA, & TaKOX Bif CTyNneHs
TSKKOCTI e30dpariTy um HasiHocTi CLE.

BucHoBKku. Y pasi eheKTUBHOIO XipypriyHOro NikyBaHHs racTpoesodarearnbHoi pechrtokCHOT XBOpoby CriocTepiranit 3HMKEHHS
piBHA NpocTarnanauHy E, nicna onepadii nopiBHAHO 3 4oONepaLiiHuMM JaHUMI A0 PIBHS, O BCTAHOBWIN B Py MPaKTUYHO
300pOBMX NaLjieHTiB. Taka AuHaMika piBHA npocTarnaHavHy E, Bkasye Ha MOXIMBUA BMIUB LIbOrO FOPMOHA Ha TOHYC HiK-
HbOrO CTPABOXIAHOIO CpiHKTEPa 1 aKTMBHY y4acTb y natoreHesi FEPX. OTxe, MOxrnBe NOro BUKOPUCTaHHS SK AOAATKOBOMO

[iarHOCTMYHOrO Mapkepa 3anasieHHsl B CTPaBOXOAi Ta Mapkepa epeKTUBHOCTI XipypriYHOO MiKyBaHHS.

Gastroesophageal reflux disease (GERD) is one of the
most common gastroenterological diseases [13,17]. The
number of patients in the population today is rapidly
increasing [15,16]. In this regard, the issues of diagnosis
and the most effective treatment of GERD remain relevant
[14,18,21]. Achieving a stable positive result of treatment
is impossible without taking into account the pathobio-
chemical and pathophysiological mechanisms of GERD,
the study of which is increasingly attracting the attention
of specialists both among therapists and surgeons
[2,3,19,20]. Particularly relevant are the little-studied
issues of the influence of humoral factors and their dy-
namics on the development of GERD during treatment
[1,5,8,10,12]. One of the biologically active substances
of interest is prostaglandin E,, the possible involvement
of which in the mechanisms of GERD development is
reported in separate works [4,6-8,11]. However, the
available data are based on an insufficient number of
studies and require further study of the pathogenetic role
of prostaglandin E, in patients with GERD.

Aim

To evaluate the effect of antireflux surgery on the level
of prostaglandin E, in the blood serum and to verify that
its changes after surgical treatment are associated with

the decrease of gastroesophageal reflux and esophageal
inflammation.

Materials and methods

We examined 35 patients who underwent laparoscopic
total fundoplication in the Short Floppy Nissen modi-
fication. There were 26 women (74.3 %) and men — 9
(25.7 %). Their age is 55.3 £ 11.3. The control group
consisted of 20 practically healthy individuals (women —
14 (70.0 %), men -6 (30.0 %), mean age — 56.7 + 10.6).
The groups of sick and healthy individuals did not differ in
sex (p=0.73) and age (p = 0.70). The diagnosis of GERD
was confirmed on the basis of the results obtained from
the clinical manifestations analysis using valid question-
naires, video esophagogastroduodenoscopy with a lower
third mucous membrane biopsy of the esophagus, and
daily pH-impedance-metry. Immunoenzymatic analysis of
prostaglandin E, was performed in blood plasma, which
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was obtained according to a standard method. Previously
studied samples were stored in a low-temperature freezer
atatemperature of 80 C0. Determination of prostaglandin
E, (Prostaglandin E2 ELISA, KGE004B, RnD Systems)
was carried out by the immunoenzymatic method based
on the use of the “sandwich* variant of the solid-phase
immunoenzymatic analysis. The detection of the studied
marker was carried out according to a standard proce-
dure using the ImmunoChem-2100 immunoenzymatic
complex (USA) at the Department of Clinical Laboratory
Diagnostics in Zaporizhzhia State Medical University. The
concentration of experimental indicators was expressed
in pg/ml [22].

The criteria for inclusion in the study were confirmed
GERD, consent to surgical treatment, and the absence
of general contraindications to surgery. Exclusion criteria
were the absence of GERD, other chronic gastroente-
rological diseases in the stage of exacerbation, acute
surgical pathology, and refusal of operative treatment.
The levels of prostaglandin E, in the main group were
tested before surgery and 2-3 months after surgery by
taking venous blood and using the above test systems.
Statistical evaluation of the research results was carried
out using the Statistica for Windows 13 software package
(StatSoft Inc., No. JPZ8041382130ARCN10-J)

The obtained results are presented in the form of
arithmetic mean and mean square deviation M + s.
Differences between groups were assessed using
non-parametric methods using the Mann-Whitney test,
the Kruskal-Wallis test, the Wilcoxon test, Spearman’s
non-parametric method, as well as with the help of the
“Differential tests” submodule in the “Basic statistics and
tables” module. Differences at p < 0.05 were considered
statistically significant.

Results

The analysis of the obtained results showed that in
practically healthy people the level of prostaglandin E, in
the blood was 16.7 + 6.1 pg/ml. In the main group, the
values of prostaglandin E, before surgical treatment were
25.8 £5.7 pg/ml, which is statistically higher compared to
the control group (p < 0.05) (Table 1). After the surgical
treatment, the level of prostaglandin E, in the blood of the
studied patients decreased to 13.5 £ 5.3 pg/ml and signi-
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Table 1. The level of prostaglandin E, in the groups of patients under study

Parameter,
units of measurement

Control group
(n=20)

Prostaglandin E,, pg/ml 16.7+6.1 258 +£5.7*

1 group (n = 35) GERD

Before After
the operation the operation

13.56+5.3*

*: p <0.05 in comparison with the control group and with post-operative data; **: p < 0.05 in
comparison with the preoperative data; p: the value of statistical difference.

Table 2. Characterization of the prostaglandin E, level and the number of patients
with reflux esophagitis and columnar-lined esophagus in the studied groups of

patients
Parameter, Control patients
units of measurement (n=20)
Before
the operation
Prostaglandin E,, pg/ml 16.7 £6.1 258+ 5.7*
Reflux esophagitis/CLE, n no 21(60.0 %)*

1 group (n = 35) GERD

After
the operation

135453
2(5.7 %)™

*:p < 0.05 in comparison with the control group and with post-operative

data;

**: p < 0.05 in comparison with the preoperative data; p: the value of statistical difference;

CLE: columnar-lined esophagus.

Table 3. Distribution of patients with various forms of esophageal mucosa

inflammation and their dynamics in the studied groups

Degree of esophagitis

1 group (n = 35)

Before After

the operation the operation
)

NORM - 27 (771 % 0.00001
Non-erosive reflux disease 14 (40 %) 6 (17.1 %) 0.03
Erosive esophagitis (Los Angeles A, B, C) 12 (34.3 %) - 0.0001
Columnar-lined esophagus 9 (25.7 %) 2 (5.7 %) 0.02

p: the value of statistical difference.

Table 4. Comparative characteristics of the acid exposure dyna
esophagus in the studied groups

Parameter,
units of measurement

Control patients

(n =20) GERD

mics in the

1 group (n = 35)

Before After
the operation the operation

135+ 53"
2(5.7 %)™
2517

Prostaglandin E,, pg/ml 16.7 £ 6.1 258+ 5.7*
Reflux esophagitis/CLE, n - 21 (60.0 %)*
Acid exposure (%) 21409 30.8 +27.1*

*:p < 0.05 in comparison with the control group and with post-operative

data; **: p <0.05in

comparison with the preoperative data; p: the value of statistical difference; CLE: columnar-lined

esophagus.

Table 5. Comparative characteristics of the prostaglandin E, level depending on the

esophageal inflammation form

Esophageal inflammation form Number of patients

NERD 14 (40 %)
Erosive esophagitis (Los Angeles A, B, C) 12 (34.3 %)
CLE 9(25.7 %)
P

239433
26.0+£4.5
28.3+8.7
0.1438

p: the value of statistical difference.

Table 6. Characteristics of the prostaglandin E, level depending on the form of

esophageal inflammation in comparison with the control group

Pathological features

No GERD

NERD

Erosive esophagitis (Los Angeles A, B, C)
CLE

16.7 £ 6.1

23.9+3.3*
26.0 +4.5*
28.3+8.7*

*:p < 0.05 in comparison with the control group.
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ficantly differed from the preoperative values (p = 0.01),
however, it did not statistically differ from the values ob-
tained in practically healthy persons (p = 0.08) (Table 1).

During analyse there was noted the dynamics of
the inflammation degree of the esophageal mucosa in
the main group: the predominance of erosive forms with
pronounced inflammatory lesions of the esophageal
epithelium before surgery and a statistically significant
decrease in inflammatory forms in the postoperative
period (Table 2).

The detailed analysis of the number distribution of
patients with different types and degrees of esophageal
mucosa inflammation duplicates this trend (Table 3).

Similarly, there is a decrease in acid exposure in the
lower third esophagus during daily monitoring in GERD
patients from 30.8 + 27.1 percent of daily preoperative
monitoring to normal values of 2.5 + 1.7 percent after
surgery, which is presented in Table 4.

The detailed analysis of mucous membrane inflam-
mation of the lower third esophagus of the main group
patients before surgery showed that the level of pros-
taglandin E, did not statistically differ in various erosive
forms of esophagitis, columnar-lined esophagus (CLE),
and non-erosive reflux disease (NERD) (Table 5).

But it is statistically different from the prostaglandin
E, levelin practically healthy persons of the control group
(Table 6).

Analysis of the correlation between the prostaglandin
E, level and the severity of mucous membrane inflamma-
tion of the lower third esophagus showed the absence of
a correlation (Fig. 1).

Fig. 1 shows that the prostaglandin E, level does not
depend on the severity of esophagitis or the presence
of CLE (p = 0.52). A similar situation is observed when
analyzing the dependence of the prostaglandin E, level
on the time of acid exposure in the lower third of the
esophagus (Fig. 2).

The diagram presented in Fig. 2 also shows that the
level of prostaglandin E, also does not depend on the
duration of acid exposure in the esophagus (p = 0.33),
which allows us to draw certain conclusions.

Discussion

Today, the main role of prostaglandin E, in the patho-
genesis of GERD is attributed to its hypotensive effect
on the lower esophageal sphincter and participation in
the inflammatory process. There are separate works
on the role of prostaglandin E, in the formation of the
pre-epithelial barrier.

The results obtained in our work also confirm that
prostaglandin E, is a pro-inflammatory marker of in-
flammation, can indicate the presence of esophagitis in
GERD, and can have an effect on the tone of the lower
esophageal sphincter. The effective surgical intervention
led to the elimination of pathological reflux in all studied
patients, as well as restoration of the esophageal mu-
cosa in dynamics, which is visually presented in Tables
2, 3, and 4, and confirmed histologically and by daily
pH-impedance-monitoring. In the postoperative period,
patients with erosive esophagitis and CLE became much
less compared to preoperative data. Acid exposure also
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significantly decreased after the operation and reached
normal values. At the same time, the prostaglandin E, level
decreased to 13.5 + 5.3 pg/ml, which is significantly lower
than the preoperative level and the level in the control
group (Table 1). Such atrend confirms the fact that against
the background of the elimination of the inflammatory
process in the esophagus, which is associated with the
reduction of acid exposure as a result of successful sur-
gical treatment, the level of the pro-inflammatory marker
prostaglandin E, also decreases to the level of practically
healthy patients of the control group.

At the same time, the decrease in the level of pros-
taglandin E, as a result of the reflux elimination limits the
development of prostaglandin E -mediated oxidative and
nitrosative stress and also may lead to a decrease in its
stimulating effect on the hypotonus of the lower esophage-
al sphincter (LES). Thereby interrupting the pathogenetic
closed circle of GERD: reflux — inflammation — increased
level of prostaglandin E, — oxidative/nitrosative stress
— increased hypotonia of the LES - increased reflux.
According to the data obtained during our research, there
was no correlation between the level of prostaglandin E,,
the degree of severity and the form of inflammation in the
esophagus, as well as between the level of prostaglandin
E, and the level of acid daily exposure (Fig. 7, 2). And the
patients of the main group with NERD, reflux esophagitis
or CLE also did not differ among themselves in terms
of the level of the studied hormone (Tables 5, 6). This
indicates the possible diagnostic role of prostaglandin E,
as a marker of inflammation in erosive and non-erosive
forms of GERD.

In view of the data, we received and their analysis, as
well as the data indicated in the literature, we believe that
currently the role of prostaglandin E, in the pathogenesis
and diagnosis of GERD is not given enough attention,
and its influence on the development of this disease is
underestimated and insufficiently studied. The available
data on this hormone do not reveal its involvement in the
pathogenesis of GERD and its role in achieving a persis-
tent therapeutic effect during surgical treatment, and also
limit the possibility of using this hormone as a diagnostic
marker and the effectiveness of surgical treatment of
GERD. Our conducted research and the obtained results
contribute to approaching the solution to these questions.

Conclusions

1. During the surgical treatment of gastroesophage-
al reflux disease, a significant decrease in the level of
prostaglandin E, is determined after surgery compared
to preoperative data to the level observed in a group of
practically healthy patients.

2. The dynamics of the level of prostaglandin E,
indicates its involvement in the pathogenesis of GERD
and reflux elimination, which confirms the possibility of
its use as an additional diagnostic marker of esophagitis
and a marker of the effectiveness of surgical treatment.

3. Determining the level of prostaglandin E, in the
absence of visible inflammatory changes in the eso-
phagus, in particular with NERD, allows for an increase in
the effectiveness of diagnosing the pathological process
in patients with GERD.

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.
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Fig. 1. Correlation between the prostaglandin E, level and the severity of inflammation in the mucous

membrane of the lower third esophagus.
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Fig. 2. Correlation between the level of prostaglandin E, and the time of acid exposure in the lower

third of the esophagus.

4. The results of the conducted study confirm the role
of prostaglandin E, in the pathogenesis and diagnosis
of GERD and require continued work in the direction of
studying the dynamics of this hormone in this disease.
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BnAuB MeTaboAiuHOi aKTUBHOCTi KMLLKOBOI MiKpOdAOpPH

OpwuriHaAbHI AOCAIAKEHHSA

Ha TAXKICTb | TPpUBaAICTb poTaBipyCHOI Aiapei B AiTed paHHbOrO BiKy

H. B. Bopobiosa'>'*BCP 0, B. YcauoBa = AEF, €, A. CiniHa'=AE, 0. 0. OypuKk DAL

3anopi3bkni AepxXaBHUIA MEAUYHUIA YHIBEPCUTET, YKpaiHa

A - KOHLIENLLS Ta AU3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHSA CTaTTI

MeTa po60TH — BU3HAYUTN NATOrEHETUYHY POIb METabonNiYHOT aKTUBHOCTI KULLKOBOT MiKpOdriopu y (hopMyBaHHi TSXKOCTI
Ta TPMBANOCTI POTaBipPYCHOI Ajapei B AiTei paHHbOrO BiKY.

Matepianu Ta meTogu. MetaboniyHy akTUBHICTb KULLKOBOI Mikpochriopu B AMHaMiILi xBopobu BuaHaumnnu B 60 aitein Bikom
1-24 wmicsi 3 potasipycHoto iHekuieto (PBI), skux 3any4unu y rpyny AOCTIMKEHHS, WASIXOM AeTeKLUji KOPOTKONaHLoroBrx
xumpHux kuenot (KXKK) y dhekanisix (B13Ha4any abcomntoTHY KOHLEHTpaLio (MKMONb/N) aueTaty, nponioHary, ByTupary, cymapHy
KkoHUeHTpaLito KKK i BennmumHy aHaepobHoro iHaekcy (Al) Ha apyry — TpeTio, m'aTy Ta aecaty ooy PBI). BucokoedekTueHy
piovHHY Xpomatorpadito 3giicHunu, 3actocyeaBLum xpomatorpad LC MS Agilent 1260 Infinity HPLC System, CLUA.

Pesynkratu. Big n'atoi gobu PBI npy MiHiManbHo BUpaxeHOMy fiapeiHOMYy CUHAPOMI PEECTPYBAN BULLMIA 3aranbHUA nyn
KKK i ByLLi 3HaueHHs Al, Hix npy cepeaHbOTSKKIN | Tsxkkin giapei (p < 0,05 Ha m'aTy Ta aecaty aoby PBI). 3i 3HmkeHHsM me-
TabOoNYHOT aKTUBHOCTI LLyKPOMITUMHIX KULLKOBUX GakTepill acoLitoBanacs inblua TpUBanicTb AiapeiHoro CUHAPOMY B AiTEN:
npu giapei <5 Ai6 xBopi Ha Apyry — TpeTio Aoy Manu B 2,4 pasa BuLLi nokasHuku cymapHoro nyny KXKK, Hix npu giapei, wo
Tpveana 26 gi6 (p < 0,05). CtyniHb 3HWKeHHS koHUeHTpauii C3 i 3HayeHb Al Ha apyry — TpeTio foby PBI npsimo kopentoBas
i3 TpMBanicTio Aiapel, Lo nogoBxyBanacs Ha ogHy o0y npy 3HkeHHi C3 Ha 20,6 Mkmonb/n ab6o 3ameHweHHi Al Ha 0,05.

BucHoBku. BnnwB 3HWxeHHs MeTabonivHOT akTMBHOCTI KWLLIKOBOT MiKpodhniopu Ha BuUpasHicTb aiapei npu PBI y giteit paHHboro
Biky BU3Ha4atoTb, MOYMHAKOYM 3 M'ATOI J06M XBOPOOU. SHUKEHHS KOHLEHTpaLii NponioHaTy Ta 3HaveHb Al Ha apyry — TpeTio
06y xBopobu € HalbinbLL paHHiM NpearkTopoM Tpueanoi aiapei npy PBI B giten.

The influence of the metabolic activity of the intestinal microflora on the severity
and duration of rotavirus diarrhea in early-aged children

N. V. Vorobiova, O. V. Usachova, Ye. A. Silina, 0. O. Furyk

The aim is to determine the pathogenetic role of the metabolic activity of the intestinal microflora in the formation of the severity
and duration of rotavirus diarrhea in early-aged children.

Materials and methods. 60 children aged 1-24 months with RVI were included in the research group. The metabolic ac-
tivity of the intestinal microflora was determined by detecting short-chain fatty acids (SCFAs) in feces in the dynamics of the
disease (the absolute concentration (umol/l) of acetate, propionate, butyrate, the total concentration of SCFAs and the value
of the anaerobic index (Al) on the 39, 5" and 10" days of RVI) using high-performance liquid chromatography with LC-MS
chromatography Agilent 1260 Infinity HPLC System, USA.

Results. From the 5" day of RVI, with a minimally expressed diarrheal syndrome, a higher total pool of SCFAand higher Al values
were observed than with moderate-severe and severe diarrhea (p < 0.05 on the 5" and 10" days of RVI). Alonger duration of the
diarrheal syndrome in children was associated with a decrease in the metabolic activity of sucrolytic intestinal bacteria: patients
with diarrhea <5 days had 2.4 times higher indicators of the total pool of SCFA, than patients with the duration of diarrhea >6
days (p < 0.05). The degree of reduction in the concentration of C3 and the value of Al on the 2-3 days of RVI was directly cor-
related with the duration of diarrhea, which increased by 1 day with a decrease in C3 by 20.6 pmol/l or a decrease in Al by 0.05.

Conclusions. The influence of the intestinal microflora metabolic deficiency on the severity of diarrhea in early-aged children
manifests itself from the 5 day of illness. A decrease in the concentration of propionate and the value of Al on the 2-3* days
of the disease is the earliest indicator of prolonged diarrhea in children with RVI.

oCTpWiA racTPOEHTEPUT 3aULLAETLCA OCHOBHOK MpW-
YMHOK 3aXBOPKOBAHOCTI Ta CMEPTHOCTI AiTei paHHbOro
BiKY Y BCbOMY CBITi, CIPUYMHSAIOYM LLIOPOKY Maibke 1,34
MIH abo 15 % ycix neTanbHUX BUNagKiB y AiTel Bikom 0
n'atn pokis. Cepep 36YAHMKIB FOCTPYX KULLIKOBUX iHCDEKLIiN
B OCTaHHi pOKV NepeBaxaloTb BipycW, LU0 BUKMMKaOTb
70-80 % piapenHnx 3axBOptoBaHb y Aitei [1-3].

Cepepn BipycHWX 30yaHUKIB POTaBIpYCHIN iHdeKLii
(PBI) HanexwuTb NpoBiaHe MicLie, BOHa 3anULLAETLCA Hal-

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

YaCTILUOK NPUYMHOL iHGEKLAHOT ajapei [4,5). Potasipyc
ypaXkae TOHKWI KULLIEYHWK, BaXIIMBY AiNSHKY KOMOHi3aLii
mikpobioTn. CknagHa cuctema B3aemogii poTaBipyciB i
KMLLKOBOI MiKpodoriopu ctana npeametoM BUBYEHHS B
GaraTbox JocnimkeHHsx [6-8].

MNiaTBepaxeHo CTilKi NOPYLIEHHS | TAaKCOHOMIYHOIO
cknagy, i pi3HOMaHITHOCTI KULWIKOBOI MikpobioTu B aiTen
nicns PBI, wo Moxe 06TsxyBaTy nepebir 3aXxBoptoBaHHs
Ta CNPUYUHATY BUHUKHEHHSI (DYHKLOHANbHIX po3nagiB
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iHOeKuUiA,
iHbeKUiiHa piapes,
AITW, paHHin
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LLIMYHKOBO-KULLIKOBOIO TPAKTY B Mepio pekoHBanecLeHLji
[6,8,9].

Yci ToBCTOKMLLIKOBI GakTepii € obniraTHUMK i doakynb-
TaTUBHUMYU aHaepobamm, BUpOBNsIoTL eHeprito B NPOLIEC
OpoaiHHs. MpencTaBHUKM MiKPOIOpU HYXKHIX BigdiniB
LUNyHKOBO-KLLKOBOro TpakTy (LUKT) meTabonisytoTb Byr-
neBoam 1 Binkv 4o KOPOTKOMAHLIOTOBUX XUPHUX KMCNOT
(ocHoBHI 3 HIX — aueTar (C2), nponioHat (C3) i 6yTupar
(C4))irasis (H,, CO,, CH,) [10,11].

KopoTkonaHuyorosi xwpHi kucnotu (KXKK) — moHo-
KapOOHOBI KMCMOTK 3 JOBXUHOK NaHLtora 4o 6 aTomis
Byrneut. AueTart, nponioHat i 6yTupaT cTaHOBNSTb
90-95 % 3aranbHOro nyny NeTkyX KUCMOT, WO MICTATLCS
B TOBCTOMY KuLWKiBHUKY [12]. OcHoBHe mxepeno KKK —
BYrneBOAW, ane Taki aMiHOKUCNOTK, SK BaniH, NenumnH
Ta isonenunH (NpogykTn posnagy 6inkis), y npoueci
meTaboniamy MOXyTb NEPETBOPIOBATUCS Ha i300yTHpaT,
i3oBanepiart Ta i30KanpoOHOBY KWUCIOTY (po3ranyxeHi
KXKK), o craHoBnsATb nnwe 5 % 3aranbHoro nyny neTkmx
kucnot [13-15].

Ockinbkn KXK € ocHOBHUMM MeTaboniTamu KiLKo-
BKX GaKTePIiN, BiOXUNEHHS iXHBOro PIBHS Ta CMeKTpa Big
HOPMU MOXe BifbVBaTU CTYMIHb NOPYLLEHHS MiKpodhriopu
KuLeYHuKa B aiten i3 PBI.

Merta po6otu

BusHauyutn natoreHeTnyHy porb MeTaboniyHoi akTuB-
HOCTi KULLKOBOI Mikpodbropu y popmyBaHHi TSXXKOCTI Ta
TpUBAarnocTi poTaBipycHOi Adiapei B AiTel paHHbOTO BiKy.

Martepianu i meToAU AOCAIAKEHHA

Y pocnimxeHHs 3anyyunu 60 gitew Bikom 1-24 micaui,
ki nepedyBanu Ha rpyaHOMY BUropoByBaHHi, 3 PBI: 38
(63,3 %) xnonuis i 22 (36,7 %) pisunHw. MauieHT nepe-
OyBanu Ha NnikyBaHHi B AUTSHOMY KWLLKOBOMY BiaZineHHi
KHIM «ObnacHa iHdekuinHa kniHiyHa nikapHa» 30P.
Kputepii 3anyyeHHs B QocnimKkeHHs — rocnitanisauis B
TEPMiH He Ni3HilLe Hix TpeTs Joba xBopobu, BUSBNEHHS
aHTUreHy poTaBipycy B hekanisix (3a JOrnoMoro iMyHo-
XpomartorpadiyHoro MeTogy 3 BUKOPUCTaHHSIM TECT-CUC-
Tem CITO TEST ROTA, Pharmasco); kpim Toro, 3anyyanu
TiNbKK AiTen, y SKUX i3 hekanin He BUAINEHO NaToreHHy
KULLIKOBY ropy, He AiarHOCTOBaHO BPOKEHY Ta XPOHIUHY
natonorito LLKT, Bpomxernin un HabyTui iMmyHopediLmT.

3-nomix KniHiYHKMX NPosiBiB XBOPOOM HaryacTiLLe dik-
cyBanu giapenHun cuHapom (59 (98 %) aiten), nuxoman-
Ky (51 (85 %) Bunapok) i brroeanHs (37 (62 %) navieHTis).
CepenHst TpuBanicTs aiapei ctaHosuna 8,50 (6,50; 10,00)
806u. TspkkicTb nepebiry poTaBipyCHOMO raCTpOEHTEPUTY
BU3Ha4anm 3a 20-6anbHoto Wwkanow Beswvkapi, 3rigHo 3
akoto 70,0 % aiten manu Tsbkkuia nepebir PBI, 23,3 % —
cepenHboTsKKUR, 6,7 % — nerkuin. basucHe nikyBaHHS
B YMOBax CTaLjioHapa nepenbayano perigpartauiiHy Ta
[Le3iHTOKCKKaLLIiHY Tepanito (oparnbHo Ta/abo iHdysiliHo),
npu3HaveHHs copbeHTiB i NpobioTwKiB.

Y rpyny nopisHAHHA 3anyuunu 30 300poBux AiTen,
pENpPEe3eHTaTUBHIX 3a BIKOM i CTaTTHO.

MeTtaboniyHy aKkTVWBHICTb KMLLKOBOI Mikpodriopu
pocnignnu wnaxom BuByYeHHs KXKK, petekuito skmx
30iCHUNM METOAOM BUCOKOE(EKTUBHOI PiAMHHOI XpoMa-
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Torpadii 3 BukopucTanHam xpomatorpacda LC MS Agilent
1260 Infinity HPLC System, CLUA (Degasser, Bynary
Pump, Autosampler, Thermostat Column Compartment),
Agilent single-quadrupole mass spectrometer 6120 with
electrospray ion-source 3 KOMM'OTEPHOIO NiATPUMKO
nporpam OpenLAB CDS Software.

Y 3paskax cekaniin Bu3Ha4anu abComnOTHI KOHLIEH-
Tpauii (Mkmonb/n) ouTtoBoi (C2), nponioHoBoi (C3) Ta
macnsHoi (C4) kuenot, nicnsa Yoro o6umncnioBanm ixHIO
CyMapHy KOHLIEHTPALYjt0 Ta 3HA4EeHHS1 aHaepOBHOTO iHAEKCY
(Al), sikmia BinbuBae cTyniHb aHaepobiody cepenoBuLLa B
HWDKHIX Bigainax KuLLKiBHyKa. Al Bu3Hadanm 3a hopmynoto:
Al = (KC3 + KC4) / KC2, pe KC2 — koHLieHTpaLjis oLTOBOI
kucnotu (C2), mkmonb/n; KC3 — koHLeHTpaLlis iponioHOBOT
kucnotu (C3), mkmons/n; KC4 — KoHUeHTpaLis MacnsHoi
kucnotu (C4), mkmonb/n. JocnigkeHHs 3aiicHunm B Ha-
BYanbHOMY MeauKo-nabopatopHOMy LIEHTPi 3anopisbkoro
[lepXaBHOTO MEAVYHOTO YHiBepcUTETY Ha 6asi kadeapu
dhiskonoigHoT ximii (3aB. kadheapu — A. I. KannayLueHko).

[itam ocHoBHOI rpynu BuaHaveHHs KXKK sgincHunm
Tpyui B AnHamiLi xBopobu (Ha apyry — TpeTio, maTy Ta
necaty noby PBI), 3goposum aitsim — ogHopasoso. [Mo-
Ka3HWKW 30OPOBUX LIiTEN rPyni NOPIBHSHHS BU3HAYMIM
K pisionoriyHi ANs Lboro Biky.

JocnigpxeHHs 3aincHUNM BiANOBIAHO 4O NPUHLUMNIB
lenbciHCbKOI aeknapadii. Bei 6atbky Hapanu nMCbMOBY
iHpopMOBaHy 3rogy Ha y4acTb Y AOCHIIKEHHI.

CTaTCTNYHO pe3ynbTaTi OnpaLitoBany 3a 0NOMOrol
nporpamu Statistica for Windows 13 (StatSoftInc., niueHsis
Ne JPZ8041382130ARCN10-J). Ockinbku po3nogin AaHux
BiZPI3HABCA Bi HOPManbHOTO, BUKOPUCTaNM Henapame-
TPUYHi MeToau. KinbkicHi 3Ha4eHHs HaBe4EHO SK MefiaHa
(Me) Ta mixksapTunbHUIA po3max (IQR: Q25-Q75). Ang
MOPIBHSAHHS ABOX HEe3anexHwX rpyn 3actocyBanm U kpute-
pin MaHHa—-BiTHi. Nig Yac 3acTaBneHHs NOKa3HWKIB NOHAA,
ABOX rpyn Bukopuctanm tect Kpackena—Bonnica. Hynbosy
rinoTesy BigKuAanu npu piBHi CTAaTUCTUYHOI 3HAYYLLOCTI
p <0,05. Hanpsim, cuny kopensuiiHnx 38'a3kis (R) Ta ixHto
[OCTOBIPHICTb BU3HaYanu METOLOM KOPenALiiHOMo aHaniay
CnipmeHa. 1151 oUiHIOBaHHS 3aneXHOCTI Mix NOKasH1Kamm
3acTocyBanu perpeciviHuin aHanis. [Ins BCTaHOBMEHHS
MPOrHOCTWUYHOIO BNAMBY MOKa3HUKIB MeTaboniyHoi ak-
TWBHOCTI KULLKOBOI MIiKpodpriopu Ha TpuBanictb aiapew-
HOMO CMHAPOMY BMKOPWCTanM MapHy MiHiiHy perpecito 3
oburcneHHsM napameTpis Moaeri METOAOM HaliMEHLLUX
KBagpaTiB. AKLLO MK MOKa3HUKaMM BUSIBNSNN CTATUCTUYHO
3HaYYLLWIA KOPEMALLIAHWIA 3B'A30K, ANs KOXHOTO 3 (haKkTopiB
GyayBanu NporHoCTUYHY MOAEenNb MapHoi NiHiAHOI perpe-
Cii. B KOXXHOMY KOHKpETHOMY BUNaaKy obupanu Kpami
BapiaHT perpecinHoro PiBHSHHA, SKUA BM3HAYanu 3a
koedpiljieHTom aeTepmiHauii R2. PiBHsHHS perpecii Manu
BAMSL Y = a + b x x, ge y — nepenbadyBaHe 3Ha4eHHs
3anexHol 3MiHHOI (TpuBanicTb poTaBipycHoi diapei), X —
(haKkTUUHE 3HAYEHHS! HE3aNEXHOI 3MIHHOT (MpeaukTopa),
a i b — koedivjeHTn (KOHCTaHTK).

Pe3yabTatn

OLiHioBaHHA MeTaboniyHoi akTUBHOCTI KMLLIKOBOI Mi-
Kpochropu nokasano 3HayHe 3HWKEHHS KOHLEHTpaLin
ycix KKK Ta ixHboro cymapHoro nyny B cekanisx giren
Ha Bcix eTanax nepebiry PBI (puc. 1) 3 6inbLu BUpa3Hum
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OpwuriHaAbHI AOCAIAKEHHSA

floz
0.0* = X poba PBI
C4 ‘ e V fo6a PBI
-0’0 II-1l po6a PBI
{330 = Il Aot
3poposi
i 330
9,5%
Rl [ REYS
[l975
I 569,4°
396,0*
2
“ ) 3153
f| 861,2
I | 619,8"
CymapHui 448,0*
o ) 3245
| 9786
00 1000 2000 3000 4000 5000 6000 7000 8000 9000  1000,0

KoHueHTpauis KKK, mkmons/n

fediumtom KULWKOBMX MeTaboniTiB y roctpuii nepiog
XBOPOOW, NEBHVM NiABULLEHHAM MOKa3HWKIB y PEKOHBa-
NeCLEeHTHUIN nepiog, ane 6e3 HabnKeHHs 0 HopMuU (p <
0,05 nopisHsHO 3i 3gopoBuMM AiTbMK). Lie ceigumTb Npo
3HWXKEHHS iHTerpanbHoi (hepMeHTaTUBHOI aKTUBHOCTI
KuLKoBmx HakTepin y aitei i3 PBI.

Kpim Toro, npu PBI B aiten Bu3Ha4unu BiporigHe
3HWKEHHS nokasHukiB Al — B 5,0 i 2,2 pasa MeHLLe 3a
HOpMarbHi BiKOBI 3Ha4EHHSI B FOCTPWIA Nepioa XBopobu (Ha
Zpyry — TpeTio Ta W'ty foby) Ta B peKOHBANECLEHTHNIA
nepiog, (Ha gecaty no6y) signosigHo (0,04 (0,01; 0,11)
1a 0,04 (0,01; 0,10) npotu 0,20 (0,11; 0,34) BignosizHo,
p <0,01).

Hapgani BusiBunu, Wo Big CTyneHs gyHKUioHarnb-
HOro AediumTy W CTPYKTYPHOro AncbanaHcy KWLWKOBOI
Mikpodhnopu 3anexarnu BUpasHiCTb i TpMBanicTb poTaBi-
pycHoi fiapei. 3a3Ha4unMo, LLO BNMB LUX NOPYLLEHb Cro-
cTepirani Tinbku 3 n'sToi 4obu xBopodu. B paHHi TepmiHu
nepebiry He BUSIBUNW CTATUCTUYHO 3HAYYLLLY PIHULLO KOH-
ueHTpauin KKK i 3HaueHb Al B giTel i3 pisHoto 4060BOK
yactoToto giapei. Tak, Ha ATy noby PBI yactora pigkux
BUMOPOXHEHb Mana 3BOPOTHWIA KOPENALINHUIA 3B'A30K
cepeaHbOi CUIK 3 CyMapHOH0 dhekarnbHOK KOHLIEHTpaLieo
KKK (r=-0,41, p < 0,05), koHueHTpauismm C2 (r = -0,37,
p <0,05)iC3 (r=-0,45, p <0,05).

Bussunu, Wwo y xsopwx i3 HaliMeHLwow Ao6oBoto
YaCcTOTOK PidKMX BUMNOPOXHEHb (1-3 pasu) cymapHuii
nyn KKK B 1,6 i 2,5 pasa nepesuLLyBaB NOKa3HWK AiTen
i3 cepeaHbOto (4-5 pasiB) Ta 3HauHotO (6 i BinbLue pasis)
BUpasHicTio diapei BianosiaHo (p < 0,05) (mabn. 1). Pis-
HULA 3a KoHUEHTpaLjeto C2 maiixe ineHTUYHa B Ha3BaHMX
rpynax nauieHTis (p < 0,05). Ocobnuey ysary npueepHyna
KoHUeHTpauis C3, Lo B MaLieHTiB i3 MiHIManbHO BUpaxe-
HUM giaperHumM cuHapomoM Byna B 5,5 pasa BULLOH, Hixk
y Aiten i3 pobosoto yactoToro diapei >4 pasu (p < 0,05).

lMpoaHanisyBaBLLM BNNMB CTPYKTYpHOro AucbanaHcy
KULLUKOBOTO MikpoBioLleHO3y Ha BUpa3HICTb poTaBipyCHOT

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

Jiapei B nepiog poanany xBopobu, 3ayBaX1MO: B rpyni
nauieHTiB i3 MakcMmarnbHO A000BOK YacTOTOK BUMO-
pOXHEHb (26 pasiB) Al MaB HalHWXUI 3Ha4eHHs Ta cTa-
HoBuB 1/7 Bia noka3Hukis 3gopoBux aiten (p < 0,01). Le
CBIJYUTb NPO ICTOTHI NOPYLLEHHS CTPYKTYPHOI piBHOBaru
Mikpodpriopyu kuLedHuKa B Bik 3HWXeHHs il aHaepobiosy
NpW TSHKKIA pOTaBipYCHil ajapei.

3a gaHumK, Wo HaBedeHi B mabnuyi 2, Ha novaTky
ZPYroro TxHS XBopo6w MiHiManbHi nposieu giapei (1-3
pasu Ha foby) 1 HopmaniaaLisi BUNOPOXHEHb CynpoBO-
IDKYBaNuUCs BABIYI BULLOIO 3arasibHOK KOHLEHTpaLie
KXK i piBHem C2 y chekanisix NopiBHSHO 3 navjieHTamMu
3 BUPa3HUM JiapenHnM CMHAPOMOM (>4 pasu Ha foby).
Y piteii i3 BUpa3HoLO Aiapeeto cepen BCiX MeTaboniTiB
KULLKOBOI MiKpodbropy HanbinbLue 3HWxKyBanacs KoH-
ueHTpauis C3 (p < 0,05); ue cBiaunno npo 36epexeHHs
3HAYHOTO MPUTHIYEHHS i NPOAYLEHTIB Y Lie CTPOK
xBopobu. Kpim Toro, B nauieHTiB Li€i rpyny BU3Ha4nnm
30epexeHHs! Ta NOrnMbNeHHsT CTPYKTYPHUX MOpYLUEHb
KMLIKOBOrO MikpobioLeHo3y. 3okpema, BCTaHOBWMM
3HWKeHHs Al noHag y 5 pasiB LWoAo nokasHuka Aiten
i3 MiHiManbHUMK Nposisamu giapei (1-3 pasv Ha oby)
(p<0,05), B 11,1 pa3a oo NapameTpa 300POBUX AiTel
BignoaigHoro Biky (p < 0,05).

AHanis pesynbTaTiB Nokasas, L0 3i 3HWKEHHAM Me-
TabonivHOi aKTMBHOCTI Ta CTPYKTYPHUMU MOPYLLEHHAMU
KULLKOBOI MikpoBioTy BXXe Ha paHHix cTagisix PBI acouito-
Barnacs GinbLua TpuBanicTb aiapel. Tak, BUSIBANK 3BOPOTHI
KOpEensLjiHi 3B'A3KM cepeaHboi CUnM MiX TpUBanicTio
AiaperHoro CMHAPOMY Ta eKanbHOK KOHLEHTpaLlieo
C3, 3HayeHHsam Al (r = -0,59 Tar = -0,64, p < 0,05 Ha
Zpyry — TpeTio goby PBI BignosigHo).

3a gaHumu, Lo HaseaeHi B mabruyi 3, 4itu 3 HeTpu-
BauM JiapeiHum cuHapomom (<5 pib) marm B 2,41 1,4
pasa BuLLi 3HaYeHHs 3aranbHoi KoHueHTpauii KKK Ha
Apyry — TpeTio Ta 'ty Aoby xBopobu BignoBigHoO, Hix
nauieHTy, B SIKVUX pifki BUNOPOXHEHHSI NPOLOBXKYBanucs

Puc. 1. QuHamiyni
3MiHU KOHLEHTpaL|in
KKK y chekanisix
AiTeit paHHBOTO BiKy
3PBI.

*1p<0,05
NOPIBHSAHO 3i
3010pOBUMU AiTbMM
3a Kputepiem
MaHHa-BiTHi.
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Tabnuus 1. MopiBHANbHA XapakTepucTUKa BUPa3HOCTI poTaBipycHOI Aiapei Ha n'sTy 106y XBOpOOM 3anexHo Bif NoKasHUKIB MeTaboniyHOi aKTUBHOCTI
kuLkoBoi Mikpodpriopw (n = 60), Me (Q25; Q75)

MeTtaboniTt kuwkoBoi Mikpocnopw, | 3aopoBi AiT YacToTta BUNOPOXHEHb Ha AOGY
ORMHUL{ BUMIPIOBAHHA 1-3 pa3u (n = 27) 4-5 pasiB (n = 23) 26 pasis (n = 10) p Kpackena—
Bonnica

Cymaphuii nyn KXK, MkMonb/n 978,60 (681,83; 1286,05) 492,69 (403,00; 651,52)]'2 306,32 (130,08; 711,92) 199,20 (139,77;597,71)  0,0262
KoHuewTpauis  Outosa (C2) 861,17 (606,26; 993,61) 442,05 (388,56; 611,68)> 297,03 (127,57; 704,29) 194,46 (135,77;593,04)  0,0319
;ﬁ?ﬂ%’:‘j‘l’;ﬂm'( MponioHosa (C3) 97,49 (74,73; 183,85) 37,97 (5,68; 97,95)" 4,90 (0,00; 22,80) 8,16 (4,00; 12,21) 0,0365

MacnsHa (C4) 32,99 (14,43; 53,21) 0,00 (0,00; 6,57) 0,00 (0,00; 1,33) 0,00 (0,00; 0,00) 0,3144
AHaepoBHuit iHaeke 0,20 (0,11; 0,34) 0,065 (0,010; 0,226) 0,05 (0,010; 0,084) 0,029 (0,008; 0,055) 0,1631

1: p < 0,05 nopieHsiHO 3 Apyroto rpynoto; 2: p < 0,01 NOPIBHSHO 3 TPETLOIO FPYMOI0.

Tabnuus 2. MopiBHANbHA XapakTepucTUKa BUPa3HOCTI diapeiiHoro cMHApoMY Ha aecsity fo6y PBI 3anexHo Bif nokasHukiB MeTabonivyHoi akTUBHOCTI
kuLkoBoi Mikpodpniopu (n = 60), Me (Q25; Q75)

MeTaGonit kuwwKoBOi Mikpodnopw, 3popoBi ait YacToTa BUNOpOXHEeHb Ha AecATy foby PBI
A T 1-3 pasu (n = 46) 4-5 pasis (n = 14)

Cymaphuii nyn KKK, MkMonb/n 978,60 (681,83; 1286,05) 640,08 (379,01; 811,19) 335,03 (232,23; 747,37)  0,107874
KoHLeHTpaLlist OkpeMnx Ourosa (C2) 861,17 (606,26; 993,61) 577,91 (358,65; 763,09) 292,10 (230,80; 698,43) 0,180750
KKK, mkmons/n MponioHosa (C3) 97,49 (74,73; 183,85) 33,68 (17,13; 85,00) 5,99 (0,00; 42,56) 0,010991

MacnsHa (C4) 32,99 (14,43; 53,21) 0,13 (0,00; 4,12) 0,37 (0,00; 1,43) 0,595883
AHaepoBHuit iHaekc 0,20 (0,11; 0,34) 0,093 (0,032; 0,214) 0,018 (0,004; 0,146) 0,047905

Ta6nuus 3. MopiBHANbHA XapakTepucTMKa TPUBANOCTI POTaBipyCHOI Aiapei B AiTel paHHbOrO BiKy 3anexHO Bif NoKasHUKIB MeTaboniyHoi akTUBHOCTI
KULLKOBOT Mikpodpriopy B rocTpuin nepiog xsopo6u (n = 60), Me (Q25; Q75)

Ho6a PBI MeTa6onit kuwkoBoi mikpodnopwu, TpuBanicTb giapei, Ai6
OAMHMLI BUMipIOBaHHA <6 i6 (n = 46) 26 2i6 (n = 14)

[pyra — Tpets CymapHuit nyn KKK, mkmons/n 749,68 (331,00; 1402,70) 316,28 (249,29; 542,85) 0,04290
KoHueHTpaList okpemnx OuroBa (C2) 631,42 (267,90; 1229,69) 315,27 (224,54; 472,19) 0,07142

KKK, mkmonb/n Mponio+osa (C3) 118,26 (61,97; 126,40) 4,68 (1,43; 15,39) 0,00002

MacnsiHa (C4) 0,03 (0,00; 1,13) 0,00 (0,00; 0,00) 0,11390

AHaepobHwit iHaekc 0,145 (0,100; 0,187) 0,013 (0,003; 0,057) 0,00060

Mata CymapHui nyn KKK, mkmons/n 569,42 (492,69; 1081,11) 393,94 (172,54; 581,20) 0,00679
KoHueHTpaLlist okpemnx OuroBa (C2) 428,85 (396,02; 896,55) 388,17 (158,46; 543,98) 0,04931

KKK, Mkmons/n MponioHosa (C3) 124,70 (97,95; 184,56) 6,22 (2,16; 22,80) 0,00002

MacnsiHa (4) 6,18 (0,00; 6,57) 0,00 (0,00; 1,10) 0,16469

AHaepoBHUii iHAEKC 0,226 (0,206; 0,268) 0,026 (0,007; 0,077) 0,00022

2 u 3

TpusanicTb giapei, 4i6
TpusanicTb giapei, 4i6

0 20 40 60 80 100 120 140 160 0 0,05 0,1 0,15 0.2 0,25 03 0,35

KoHueHTpaLlis NponioHoBOI KUCNOTH Y hekanisix

Ha ApyTy—TpeTio f1o6y PB, MKkvons/n 3HaueHHs aHaepobHoro iHaekcy Ha Apyry—TpeTio Aoby PBI

Puc. 2. 3anexHicTb TpUBaNOCTI fiapeiiHoro CMHAPOMY Bif dhekanbHoi koHUeHTpaLii C3 Ha apyry — TpeTio Aoby PBI B fiteii paHHboro Biky (R CnipmeHa = -0,59, p < 0,05, n = 58).

Puc. 3. 3anexHicTb TpMBanocTi AiapenHoro cRAPOMY Bif 3Ha4eHb aHaepobHoro iHAeKCY Ha Apyry — TpeTto foby PBI B fiteit paHHboro Biky (R Cnipmena = -0,64, p < 0,05, n = 57).

6 a6 i GinbLue (p < 0,05). Y umx rpynax nauieHTiB BUSBUNK peBwLLYyBana nokasH1KK NaLlieHTiB i3 TpMBanoto aiapeeto
BipOrigHy pisHMLIO 3a koHUeHTpaujiamu C2 (p < 0,05 Ha (p<0,01). Kpim TOrO, Y XBOPMX L€ rpyn¥ BiA NepLUMX AHIB
n'aty poby PBI) Ta C3, sika B aiTel i3 kopoTkoTpMBanow  xsopobu (Ha apyry — TpeTio foby) Ta B nepiog ii posnany
Liapeeto (<5 fib) Ha apyry — Tpetio Ta n'sTy foby PBI Bia- (Ha m'sTy poby) 3adikcyBanu HopmarbHi nokasHuky Al,
noeigana Bikogil Hopmi Ta B 25 i 20 pasis BignoBsigHo ne- wo B 11,1i8,7 pa3a BignoBigHO NepeBuLLYyBan 3Ha4eHHs
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Al piTeit i3 Tpusanoto giapeeto (p < 0,01). Lie € osHakoro
TOrO, LU0 B NALEHTIB HEMAE iCTOTHUX CTPYKTYPHMX NOPY-
LUEHb KMLLIKOBOTO MiKpobioLieHO3y.

Ockinbky CTyniHb 3HKEHHS peKanbHOT KOHLEHTpaLji
C3 i 3HaueHHs Al — HalBinbLL paHHi Ta YyTNWBI MapKkepu
TpuBanoi poTaeipycHoi iapei (koedilieHT aeTepmiHaLlii
R?>0,5), Hapgani Li NokasHWKy BUKOPUCTaNK Ans BU3Ha-
YEHHS MPOTrHOCTUYHOTO BMMBY PYHKLIOHAMBHMX, CTPYK-
TYPHUX MOPYLUEHb MIKPOJIOPK KULLIKIBHIKA B PaHHEOMY
TepMiHi PBI Ha TpuBanicTb giapeitHoro CUHapoMy.

3anexHicTb TPMBANoCTi poTaBipycHOi diapei Big de-
KarnbHoi koHueHTpauii C3 Ha apyry — TpeTto foby xsopotu
B AjiTen paHHboro Biky (r =-0,59, p < 0,05) MoxHa onucatu
PIBHSHHAM NapHOI NiHINHOI perpecii (puc. 2):

y = 9,61—0,048x,

[e y — TpuBanicTb gjapei (0i6), x — dekansHa KoH-
ueHTpauis C3 Ha gpyry — TpeTto foby PBI (Mkmonb/n).

3a UM PiBHSHHAM, NMPU 3HWKEHHI hekanbHOi KOH-
ueHTpauii C3 Ha apyry — TpeTio foby xsopobu Ha 20,6
MKMOMb/N TpuBanicTb Aiapei 36inbLyeTbes Ha 1 Oo0y.
KoHueHTpauis C3 BusHavae 50 % aucnepcii 3Ha4eHb
TpUBanocTi giapei.

CTaTUCTUYHO 3HaYyLLMIN 3BOPOTHUI KOPEnsaLiiHui
3B'AI30K CEPEAHbOI CUMM MiXX TpuBanicTio diapei Ta
3HaueHHsIM Al Ha apyry — TpeTio foby PBI (r = -0,64,
p < 0,05) MOXHa onucaTty TakuM PIBHSHHAM NiHIAHOT
NapHOI perpecii:

y = 9,47 — 20,65x,

fe y — TpuBanictb giapei (gi6), X — 3HayeHHs Al Ha
apyry — TpeTio o6y PBI.

Lis 3anexHicTb HaBeaeHa Ha puc. 3: pu 3HKeHHI Al
Ha 0,05 cnig ovikyBaT1 36inbLLIEHHS TPMBANOCTI Aiapei Ha
1 noby. BennunHa Al BusHavae 52 % aucnepcii 3Ha4yeHb
TpuBanocTi giapei.

06roBopeHHs

Y pesynbtati 4OCRIMKEHHS BCTAHOBUNW BiporigHe 3HUW-
XeHHs piBHS okpemmx KXKK Ta ixHboro 3aransHoro myny
Ha BCix eTanax xBopobu 3 BinbLU BUPa3HNM 3MEHLLEHHSM
piBHIB NpomioHaTy 1 ByTupaTy, a TaKoX 3HaYYLLE 3HUKEH-
Hs Al (p < 0,01).

Ockinbku, sk Bifomo, npogyueHTamm C2 € obniratHi
aHaepobu, thakynbTaTuBHI aHaepobu, a Takox Aeski
aepobu, a C3 n C4 — meTabonitu Tinbkn obniraTHUX
aHaepobiB npueniTenianbHOMo LWapy MIKPOOHOI KULLKO-
BOi Gionnisku [11], 3HAYHO HWXYMIA CTYMiHb 3HKEHHS!
abcontoTHMX koHUeHTpauin C2 nopiHsHO 3 C3, C4 Ta,
BiOMOBIOHO, 3HWKEHHS! 3Ha4YeHb Al MOB's3aHi 3 NpUrHi-
YyeHHsIM aHaepobis Gionnieku knweYHWKa (Bacteroidetes,
Prevotella Ta Veillonella spp., Propionibacterium sher-
manii, Ruminococcus, Fusobacterium, Eubacterium,
Coprococcus, Bacteroides, Megasphaera, Clostridium,
Peptococcus, Faecalibacterium) [14,16] Ta 30inbLUEeHHAM
y CTPYKTYpi 110ro MikpoBioumnHo3y npeacTaBHuMKIB aepob-
HOT Mikpodhnopu, 30KpeMa YMOBHOMATOreHHNX BakTepin
(ak-oT E. coli, Proteus, Staphylococcus Towwo), siki B
6inbLuiv Mipi npoaykytoTb C2, NpoTsrom ycsoro nepebiry
PBI B aiTen paHHLOrO Biky.

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.
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lMoBigOMNSNN NPO HasIBHICTL 3B's13Ky MeTabomMivHOI
aKTMBHOCTI KMLIKOBOiI MikpobioTn 3 ocobnueocTamm
kniHiyHoro nepebiry PBI y giten [17-19]. Tak, y pobori
B. A. Babayeva et al. nokazaHo 3BOPOTHY KOpensLito Mk
CTYNEHEM TSHKKOCTi pOTaBIPYCHOIO raCTPOEHTEPUTY i KOH-
ueHTpauismm C2 (p < 0,05), C3 (p < 0,05), C4 (p <0,01),
a Takox 3aransHumM nynom KXK'y dekaniax (p < 0,05)
[17]. Y pocnimxkenHi |. |. Hesrogn, O. M. Haymehko Ta iH.
HavBWLLi piBHI NPOMIOHOBOI KUCNOTK 3achikCOBAHO MpM
nerkiv doopmi PBI, a cepeaHboTshKKI nepebir acovjioas-
CS1 3 JOCTOBIPHO HUMXYMMU KOHLIEHTPALsSIMU NponioHaTy
(p <0,05)[18].

Mg Yac HaLLoro AOCHIMKEHHS BUSIBUIW BMIIMB CTPYK-
TYPHUX | PYHKLOHANBHUX 3MiH KULLKOBOI MikpoBioT Ha
BUpasHiCTb i TpMBaniCTb poTaBipycHOI Aiapei B AiTen
PaHHLOrO BIKY.

OnwH i3 MexaHi3MiB Takoro BBy MOXHA NOSICHUTY
HaKOMMYEHHAM OiroLyKpuais y NpPoCBiTi KMLWeEYHMKa
BHACMiAOK HeOOCTaTHbOI iX hepMeHTaLii KALLKOBO
MiKpObriopoto 3 NiATPUMAHHAM Hadani OCMOTUYHOTO
KOMMOHeHTa Ajapei. Tak, y nonepeaHboMy AOCHImKEHHI
MoKa3aHO HasiBHICTb 3BOPOTHOI KOPENSLLii MiXX 3arasibHO
KinbkicTio kuLukoux metabonitis (KXKK), sennunHoto Al
Ta piBHEM HEPO3LLENNEHUX LIYKPIB Y cpekanisx y roctpun
nepiog PBI [20].

OTxe, pesynstati LbOro AOCHIMXEHHS Ta Bigo-
MOCTi HayKOBOI niTepaTypu LOBOASATb, LU0 3HUKEHHS
MeTaboni4YHOI aKTUBHOCTI GaKTepiii KULWKIBHUKA Ta 3MiHM
iHPaCTPYKTYpH KMLLKOBOI MiKpOBIOTU CPUYMHSIOTD
HaKOMWYEHHS! HePO3LLENIEHNX OMIroLyKPUAiB Y NPOCBIT
KVULUKIBHWKA, MiABULLEHHSI B HBOMY OCMOTUYHOTO TUCKY,
CTBOPIOKOYM NATOreHeTUYHe MiarpyHTS ANst BUHUKHEHHS
Ta NigTPUMaHHS diapenHoro cuHapomy npu PBI.

Kpim Toro, MmacnsHa kucnota  iHwi KKK € ctumyns-
Topamm abcopbuii NaCl konoHouuTamu. Baaemogitoum 3
[ABOMa TPAHCMOPTHUMU CUCTEMaMM LLITKOBOI 0ONAMIBKM
knweyHuka (Cl-/HCO3- i Na+/H+ ta Cl-/Bytupar i Na+/
H+), KKK 3ymoBniotoTh NigBuLLEHHS BCMOKTYBaHHS BOAU
11 eNeKTPONITIB, 3HWXYHO4M OCMOTUYHWIA TUCK KULLKOBOTO
BMICTY Ta CMpHsito4y 36epEXEHHI0 PiayHW B NPOCBITI KNLL-
kiBHuKa [18]. Omxe, gediuutom KKK MoxHa nosicHUTM
TpuBaniWwi giapeHuin CUHAPOM MpW POTaBipyCHOMY
raCTPOEHTEPUTI B AiTEN.

OCKinbKW 3HDKEHHS PiBHS MPOMIOHATy Ta 3HaYeHb
Al — HanbinbLL paHHi Mapkepw TPYUBAanoro AiapenHoro
CUHAPOMY B [iTEN, MPOMOHYEMO BU3HAYEHHS came X
MOKa3HWKIB Y paHHi TEpMiHW XBOPOOY A11st NPOrHO3yBaHHS!
TpvBanocTi giapei npu PBI.

BucHoBKHM

1. BnnuB 3HWKeHHs METabonNiYHOI aKTUBHOCTI KMLL-
KOBOI Mikpochriopu Ha BMpasHicTb aiapei npy PBI B giten
BUSIBMSIOTb, MOYMHAKYM 3 M'ATOI 40OM XBOPOOM, 3a 3HUM-
xeHHsam B 1,6 Ta 2,5 pasa 3aranbHoro nyny KKKy giteit is
MaKCMMarbHO BUpaXeHoto Aiapeeto (6 i binbLue pasiB Ha
£00y) LLIoA0 NOKa3HMKIB XBOPUX i3 CepeaHboto (45 pasis)
i MiHimanbHoto (1-3 pasm) ii BupasHicTio (p < 0,05). Lli
3aKoHOMIpHOCTI 36epiranucs Ha gecaTy goby nepebiry PBI.

2. ins nporHo3yBaHHA TPWBamnoCTi AiapenHoro
CUHAPOMY B AiTeil paHHbOro BiKy 3 pOTaBipyCHUM ra-
CTPOEHTEPUTOM AOLINBHO B NEPLLI AHI XBOPOOM BU3HA-
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yaTn dpekanbHi koHUeHTpauii KKK, 3okpema auertary,
nponioHaty Ta byTuparty, i o6uucnioBaT BenuumHy Al.
TpusanicTb diapei pekoMeHOoBaHO Po3paxoByBaTH 3a
dopmynamu:

oy =9,61-0,048x, e y — TpuBanicTb giapei (4ib),
X — KOHUeHTpauist C3 y dhekanisx Ha apyry — TpeTHo Aoby
PBI, Mmkmonb/n;

oy =9,47 — 20,65x, fe y — TpuBanicTb giapei (4ib),
X — 3HaveHHs Al Ha gpyry — TpeTio Aoy PBI.

MepcnekTUBM NoganbLMX AoCHiAXKeHb NonsAraoTb
Y NPOAOBXKEHHI BUBYEHHS CTYNEHS BUPa3HOCTI NOPYLLEHb
MeTaboniYHOT aKTUBHOCTI KVLLIKOBOT MIKpOhIiopy B XBOPHIX
Ha PBI pitein 3anexHo Big Biky Ta HasBHOI komop6igHoi
naTonorii.

Moaska

ABTOPM BUCAOBAIOIOTb NMOAAKY AOLIEHTY KadeApH i3KOAOIAHOT
Ximii 3anopi3bKoro AepXaBHOMO MEAUYHOTO YHIBEPCUTETY
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KoHAIKT iHTepeciB: BIACYTHIN.
Conflicts of interest: authors have no conflict of interest to declare.

Haaifiwaa po pepakuii / Received: 25.01.2023
Nicas poonpautoBaHHs / Revised: 24.02.2023
MpuitaTo po ApyKy / Accepted: 02.03.2023

BipomocrTi npo aBTopiB:

Bopob6itoBa H. B., acnipaHT kad. AuTaumMx iHdeKLiiHKX XBOPOO,
3anopisbkiii AepxxaBHU MeAUYHUI YHIBEpCUTET, YKpaiHa.
ORCID ID: 0000-0001-7610-8067

Ycauosa 0. B., A-p Mea. Hayk, npodecop, 3aB. kad. AUTAUMX
iHGEKLIMHUX XBOPOO, 3aMnopi3bKuit AEPXABHUIA MEANYHMUI
yHiBepcuTerT, YkpaiHa.

ORCID ID: 0000-0003-0250-1223

CiniHa €. A., KaHA. MEA. HayK, aCUCTEHT Kad. AUTAUMX IHOEKLIAHMX
XBOP06, 3anopi3bkiii ACPXaBHUIA MEAUUYHUI YHIBEPCUTET,
YkpaiHa.

ORCID ID: 0000-0002-3199-9297

®ypuk 0. 0., A-p MeA. HayK, AOLIEHT Kad. IHOEKLiMHIX XBOPOO,
3anopi3bk1il AepXXaBHW MeAUYHUI YHiBepcuTeT, YkpaiHa.
ORCID ID: 0000-0002-5196-7698

Information about authors:

Vorobiova N. V., PhD student of the Department of Pediatric
Infectious Diseases, Zaporizhzhia State Medical University,
Ukraine.

Usachova 0. V., MD, PhD, DSc, Professor, Head of the Department
of Pediatric Infectious Diseases, Zaporizhzhia State Medical
University, Ukraine.

Silina Ye. A., PhD, Assistant of the Department of Pediatric
Infectious Diseases, Zaporizhzhia State Medical University,
Ukraine.

Furyk O. O., MD, PhD, Associate Professor of the Department
of Infectious Diseases, Zaporizhzhia State Medical University,
Ukraine.

References

[1]  Abdoli, A., & Maspi, N. (2018). Commentary: Estimates of Global, Re-
gional, and National Morbidity, Mortality, and Aetiologies of Diarrhoeal
Diseases: A Systematic Analysis for the Global Burden of Disease
Study 2015. Frontiers in medicine, 5, 11. https://doi.org/10.3389/
fmed.2018.00011

[2] Fernandez-Cassi, X., Martinez-Puchol, S., Silva-Sales, M., Cornejo, T.,
Bartolome, R., Bofill-Mas, S., & Girones, R. (2020). Unveiling Viruses
Associated with Gastroenteritis Using a Metagenomics Approach.
Viruses, 12(12), 1432. https://doi.org/10.3390/v12121432

ISSN 2306-8027  http://pat.zsmu.edu.ua

13

[4]

18]

]

m

8]

9]

[10]

(1]

[12]

[13]

[14]

[19]

[16]

(17

[18]

[19]

[20]

GBD 2016 Diarrhoeal Disease Collaborators (2018). Estimates of the
global, regional, and national morbidity, mortality, and aetiologies of
diarrhoea in 195 countries: a systematic analysis for the Global Burden
of Disease Study 2016. The Lancet. Infectious diseases, 18(11), 1211-
1228. https://doi.org/10.1016/S1473-3099(18)30362-1

Badur, S., Oztiirk, S., Pereira, P., AbdelGhany, M., Khalaf, M., Lagou-
bi, Y., Ozudogru, O., Hanif, K., & Saha, D. (2019). Systematic review
of the rotavirus infection burden in the WHO-EMRO region. Human
vaccines & immunotherapeutics, 15(11), 2754-2768. https://doi.org/1
0.1080/21645515.2019.1603984

Fischer, T. K., Rasmussen, L. D., & Fonager, J. (2019). Taking gas-
tro-surveillance into the 21st century. Journal of clinical virology, 117,
43-48. https://doi.org/10.1016/}.jcv.2019.05.013

Sohail, M. U., Al Khatib, H. A., Al Thani, A. A., Al Ansari, K., Yass-
ine, H. M., & Al-Asmakh, M. (2021). Microbiome profiling of rotavirus
infected children suffering from acute gastroenteritis. Gut pathogens,
13(1), 21. https://doi.org/10.1186/s13099-021-00411-x

Engevik, M. A., Banks, L. D., Engevik, K. A., Chang-Graham, A. L., Per-
1y, J. L., Hutchinson, D. S., Ajami, N. J., Petrosino, J. F., & Hyser, J. M.
(2020). Rotavirus infection induces glycan availability to promote ileum-spe-
cific changes in the microbiome aiding rotavirus virulence. Gut microbes,
11(5), 1324-1347. https://doi.org/10.1080/19490976.2020.1754714

Kim, A. H., Hogarty, M. P, Harris, V. C., & Baldridge, M. T. (2021).
The Complex Interactions Between Rotavirus and the Gut Microbiota.
Frontiers in cellular and infection microbiology, 10, 586751. https://doi.
org/10.3389/fcimb.2020.586751

Mathew, S., Smatti, M. K., AlAnsari, K., Nasrallah, G. K., Al Thani,A. A.,
& Yassine, H. M. (2019). Mixed Viral-Bacterial Infections and Their
Effects on Gut Microbiota and Clinical llinesses in Children. Scientific
reports, 9(1), 865. https://doi.org/10.1038/s41598-018-37162-w
Blaak, E. E., Canfora, E. E., Theis, S., Frost, G., Groen, A. K., Mith-
ieux, G., Nauta, A., Scott, K., Stahl, B., van Harsselaar, J., van Tol, R.,
Vaughan, E. E., & Verbeke, K. (2020). Short chain fatty acids in human
gut and metabolic health. Beneficial microbes, 11(5), 411-455. https://
doi.org/10.3920/BM2020.0057

Rowland, I., Gibson, G., Heinken, A., Scott, K., Swann, J., Thiele, I.,
& Tuohy, K. (2018). Gut microbiota functions: metabolism of nutrients
and other food components. European journal of nutrition, 57(1), 1-24.
https://doi.org/10.1007/s00394-017-1445-8

Tsukuda, N., Yahagi, K., Hara, T., Watanabe, Y., Matsumoto, H.,
Mori, H., Higashi, K., Tsuji, H., Matsumoto, S., Kurokawa, K., & Mat-
suki, T. (2021). Key bacterial taxa and metabolic pathways affecting
gut short-chain fatty acid profiles in early life. The ISME journal, 15(9),
2574-2590. https://doi.org/10.1038/s41396-021-00937-7

Harris, H. C., Morrison, D. J., & Edwards, C. A. (2021). Impact of the
source of fermentable carbohydrate on SCFA production by human
gut microbiota in vitro — a systematic scoping review and secondary
analysis. Critical reviews in food science and nutrition, 61(22), 3892-
3903. https://doi.org/10.1080/10408398.2020.1809991

Rios-Covian, D., Salazar, N., Gueimonde, M., & de Los Reyes-
Gavilan, C. G. (2017). Shaping the Metabolism of Intestinal Bacteroides
Population through Diet to Improve Human Health. Frontiers in micro-
biology, 8, 376. https://doi.org/10.3389/fmicb.2017.00376

Diether, N. E., & Willing, B. P. (2019). Microbial Fermentation of Dietary
Protein: An Important Factor in Diet-Microbe-Host Interaction. Micro-
organisms, 7(1), 19. https:/doi.org/10.3390/microorganisms7010019
Rios-Covian, D., Ruas-Madiedo, P., Margolles, A., Gueimonde, M.,
de Los Reyes-Gavilan, C. G., & Salazar, N. (2016). Intestinal Short
Chain Fatty Acids and their Link with Diet and Human Health. Frontiers
in microbiology, 7, 185. https://doi.org/10.3389/fmicb.2016.00185
Babayeva, B. A., & Valiyeva, K. T. (2019). [Diagnostic value the short
chain fatty acids at viral diarrheas at children of the first year of life].
Azerbaijan Journal of Perinatology and Pediatrics, 5(1), 61-64. https:/
doi.org/10.28942/jpp.v5i1.85

Nezhoda, I. I., Naumenko, O. M., & Nikulchenko, O. V. (2019). Letki
zhyrni kysloty yak metabolichni markery porushennia mikrobiotsenozu
kyshechnyku pry rotavirusnii infektsii u ditei [Volatile fatty acids as met-
abolic markers of intestinal microbiocenosis in children with rotavirus
infection]. Infektsiini khvoroby, (3), 24-32 [in Ukrainian]. https://doi.
org/10.11603/1681-2727.2019.3.10632

Ivanko, O. H., & Bilykh, V. M. (2022). Fekalni kontsentratsii molochnoi
kysloty ta korotkolantsiuhovykh zhyrnykh kyslot u ditei rannoho viku,
hospitalizovanykh v infektsiino-diahnostychnyi statsionar iz diareieiu
[Fecal concentrations of lactic acid and short-chain fatty acids in young
children hospitalized in an infectious-diagnostic hospital with diarrhea].
Zaporozhye medical journal, 24(3), 332-337. [in Ukrainian]. https://doi.
org/10.14739/2310-1210.2022.3.247605

Vorobiova, N. V., Usachova, O. V., & Kaplaushenko, A. H. (2021).
Pathogenetic role of intestinal microflora in carbohydrate malabsorption
syndrome in early-aged children with rotavirus infection. Zaporozhye
medical journal, 23(5), 683-690. https://doi.org/10.14739/2310-
1210.2021.5.231265

Pathologia. Volume 20. No. 1, January — April 2023


https://orcid.org/0000-0001-7610-8067
https://orcid.org/0000-0003-0250-1223
https://orcid.org/0000-0002-3199-9297
https://orcid.org/0000-0002-5196-7698
https://doi.org/10.3389/fmed.2018.00011
https://doi.org/10.3389/fmed.2018.00011
https://doi.org/10.3390/v12121432
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1080/21645515.2019.1603984
https://doi.org/10.1080/21645515.2019.1603984
https://doi.org/10.1016/j.jcv.2019.05.013
https://doi.org/10.1186/s13099-021-00411-x
https://doi.org/10.1080/19490976.2020.1754714
https://doi.org/10.3389/fcimb.2020.586751
https://doi.org/10.3389/fcimb.2020.586751
https://doi.org/10.1038/s41598-018-37162-w
https://doi.org/10.3920/BM2020.0057
https://doi.org/10.3920/BM2020.0057
https://doi.org/10.1007/s00394-017-1445-8
https://doi.org/10.1038/s41396-021-00937-7
https://doi.org/10.1080/10408398.2020.1809991
https://doi.org/10.3389/fmicb.2017.00376
https://doi.org/10.3390/microorganisms7010019
https://doi.org/10.3389/fmicb.2016.00185
https://jpp.az/index.php/jperinatologiya/article/view/85
https://jpp.az/index.php/jperinatologiya/article/view/85
https://doi.org/10.11603/1681-2727.2019.3.10632
https://doi.org/10.11603/1681-2727.2019.3.10632
https://doi.org/10.14739/2310-1210.2022.3.247605
https://doi.org/10.14739/2310-1210.2022.3.247605
https://doi.org/10.14739/2310-1210.2021.5.231265
https://doi.org/10.14739/2310-1210.2021.5.231265

YAK 616.311:616.314-089.843-073.537
DOI: 10.14739/2310-1237.2023.1.273605

AOCAiAKEHHA KaniAIPHOTO KPOBOTOKY CAU30BOi 060AOHKH

OpwuriHaAbHI AOCAIAKEHHSA

nepiiMmnAaHTaTHOI AIAMHKM METOAOM Aa3epPHOi AONAEPIBCbKOI pAOyMeTpii

*ABD C_A. BapxanetaH'=CE A, M. MapxomeHKko =B,

AEF

A. A. Makcumos
B. I. CanbHukoBE, 0. M. MiweHko

3anopi3bkni AepxXaBHUIA MEeAUUYHUIA YHIBEPCUTET, YKpaiHa

A - KOHLIEMNLLS Ta AU3aMH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHSA CTaTTI

MeTa po60TK — 30iACHNTY KNiHIYHWIA aHari3 kaninspHOro KPOBOTOKY CIIM30BOI 06OMNOHKM NepiiMNIaHTaTHOI 30HK 32 AONOMOTO0
nasepHoi fonnepiscekoi donoymeTpii (JIOP), a Takox NOpiBHSANbHE OLiHOBAHHSA €(PEeKTUBHOCTI iMNIaHTOBAHOI KOHCTPYKLT 3
noBepxHeto, MoandikoBaHo HaHovacTiHamu cpibna (AgNP).

Matepianu Ta MmeToau. ¥ gocnimxeHHi B3snm yyacts 40 nauieHTis, siki nepebysanu Ha peabinitauii LWogo BTOPUHHOI YacTKo-
BOI afieHTil MeTogoM AeHTarnbHol iMnnaxTauii. OBeTexeHux noginunu Ha 2 rpynu: naujeHtam 1 rpynm (n = 20) BCTAaHOBNEHO
dhopmyBaui siceH i3 noBepxHeto, MoanikoBaHOK METOLOM M1a3MOBOI enekTpookeuaauii Ta gonosaHoto AgNP; xBopvm 2 rpynu
(n = 20) BcTaHOBNEHO CTaHAAPTHI hopMyBaYi ICEH BUKOPUCTOBYBAHOI iMMIAHTALAHOI CMCTEMM 3 NONIPOBAHOK NOBEPXHELD.
KoHTponbHa rpyna (n = 20) cchopmoBaHa A1t BUHAYEHHS pehepeHTHIX 3HaYeHb. 3aranom y JOCHimKEHHS 3anyveHo 60
nauieHTi. LLIBWAKICTb KPOBOTOKY Y rpynax AOCnimkeHHst BU3Havanu metogom JIOO.

Pe3ynkratn. Ha 10 aeHb npu BUKOpUCTaHHI (hopMyBaYiB CEH 3 NOBEPXHEIO, Lo MicTUTb AGNP, BUSHauMnu NO3UTUBHY Au-
HaMiky, 30inbLUEeHHS WBUAKOCTI KPOBOTOKY CM30BOT 060MOHKM NepiiMnnaHTaTHoi 30HM (6,97 MM/C), Ha BigMiHY BUKOPUCTaHHS
dhopmyBauiB ACeH i3 NonipoBaHoo noBepxHeto (5,43 Mm/c). Y pasi 3acTocyBaHHS (hopMyBauiB SCEH i3 MOBEPXHEH, L0 MICTUTb
AgNP, 30inbLUEHHSt LUBUAKOCTI KamiNsPHOro KPOBOTOKY (Ha 22,2 %) B OKpeMiii nokaLlii € CBiRYEHHAM 3MEHLLEHHS 3ananbHuX
NpoLEeCiB Ta BUpaxeHoro npoTtuaanansHoro egekty AGNP nosepxHi.

BucHoBku. By (Ha 22,2 %) nokasHMKM LIBMAKOCTI KaninspHOro KPOBOTOKY CM30BOi 0BOMNOHKM NepiiMnnaHTaTHOT 30HM, SiKi
BU3HAYMNM B pasi 3aCTOCYBaHHS hopMyBauiB iCeH, Lo MicTATb AGNP, nopiBHSHO 3 nonipoBaHnMmM hopmyBadamm ceiavaTb
NPO BUPaXeHUN NpoTu3anansHniA edhekT noBepxHi, aonosaHoi AGNP.

MokasHukm, Wwo BuaHaumnm B rpyni 3 AgNP, makcumansHo HabnmkeHi 40 pedepeHTHUX MOKA3HMKIB LUBMAKOCTI KPOBOTOKY B
KaninsipHomy pycni MapriHanbHuX siceH 30opoBux niogei. OTxe, MOXHa NPUMYCTUTW HAsSiBHICTb BUP@XXEHOro aHTUMIKPOBHOro
edekTy HaHO4aCTWMHOK cpibrna Ha noBepxHi (hopmMyBaYiB SCEH.

Ockinbku KpOBOTIK y TKaHWHax 6e3nocepesHbO NOB’'S3aHMIA 3 OKCUTEHaLielo KMiTUH, 3MEHLLEHHSIM NOKanbHOro aumaosy Ta
3anarnbHuX peakLiit, a TaKoX BU3HaYae CTaH TKAHUMHHOTO iMYHITETY Ta 6e3nocepeaHbo NO3HAYaAETLCA Ha AKOCTI penapaTuBHNX
NPOLIECIB Y NOLLKOKEHIN TKaHWHI, pe3ynsTaTy, Lo ofepkanm, 06rpyHToBYOTb pekomMeHAaaLito 3anponoHoBaHoi AgNP-noBepxHi
[10 BUKOPWUCTaHHS Y KMiHIYHIA NpaKTuLi.

Study of the capillary blood flow of the mucous membrane of the peri-implant area
by laser Doppler flowmetry

D. Ya. Maksymov, S. D. Varzhapetian, D. P. Parkhomenko, V. I. Salnykov, 0. M. Mishchenko

Aim: to conduct a clinical analysis of the capillary blood flow of the mucous membrane of the peri-implant zone using laser
Doppler flowmetry (LDF), as well as a comparative assessment of the effectiveness of the implanted structure with a surface,
modified with silver nanoparticles (AgNP).

Materials and methods. The study involved 40 patients undergoing rehabilitation for secondary partial adentia by the method
of dental implantation. The examinees were divided into 2 groups: Group 1 (20 patients) — gingival formers with a surface
modified by plasma electrooxidation and doped with AgQNP were installed; Group 2 (20 patients) — standard gingival formers
of the used implant system with a polished surface were installed. A control group (20 patients) was formed to determine the
reference values. In total, 60 patients were involved in the study. Blood flow velocity in the studied groups was determined
by laser Doppler flowmetry.

Results. On the 10" day, when using gingival formers with a surface containing AgNP, a positive trend with increasing the
blood flow rate of the mucous membrane of the peri-implant zone (6.97 mm/s) is determined, in contrast of using the gingival
formers with a polished surface (5.425 mm/s). In the process of using the gum formers with a surface containing AgNPs, an
increase in capillary blood flow rate (by 22.2 %) in a separate location is evidence of a reduction in inflammatory processes
and a pronounced anti-inflammatory effect of the AgNP surface.

Conclusions. Higher (by 22.2 %) indicators of capillary blood flow rate of the mucous membrane of the peri-implant zone in
patients using gingival formers containing AgNP, compared to polished formers, indicates a pronounced anti-inflammatory
effect of the proposed AgNP-doped surface.
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The values obtained in the group with AgNPs are as close as possible to the reference indicators of the blood flow rate in the
capillary channel of the marginal gingiva of healthy people, which suggests the presence of a pronounced antimicrobial effect

of silver nanoparticles on the surface of the gingival formers.

Since blood flow in tissues is directly related to oxygenation of cells, reduction of local acidosis, reduction of inflammatory
reactions and determines the state of tissue immunity, as well as directly affects the quality of reparative processes in damaged
tissue, the obtained results allow recommending the proposed AgNP — surface for use in clinical practice.

OcTaHHiMK pokamu B AeHTanbHIN iMnnaHTauji cepios-
HUMK NpobnemMamun cTamu MyKo3WT i NepiiMnnaHTuT, a
GakTepianbHa iHeKLUis Ta HEKOPEKTHUI OKMHO3INHWIA TUCK
€ OCHOBHUMMW NPUYNHAMMN BUHUKHEHHS 3ananeHHs [1-3].

Y pocnigpxenHi H. Chouirfa et al. [4] nokasaHo, Lo
Ins ecpekTUBHOIO (OYHKLIOHYBaHHS iMnnaHTaT mae oyt
GakTepiocTaTMyHUM i GakTepuLmaHM. MoBEPXHS iMnnaH-
TaTy NnoBMHHA JoOpe BOMpaTy Monekynu Boau, Binkie i
ninigiB i3 KPoBi, @ TAKOX 3HWLLYBATW KOMOHIii BakTepil.
3aBasku LbOMyY MpoLec ocTeoreHesy nepebiratme 6e3
YCKNaAHEeHb, Cnpusioun OpMyBaHHIO IHTErPOBAHOTO
aKTVMBHOTO LUapy Ha NOBepXHi imnnaHTary [5,6).

Bigomi MmeToam ¢isvyHOI 3MiHM NOBEPXHEBMX BNACTH-
BOCTEM iMMNaHTaTIB, AK-OT MiKpOXBUIbOBWIA BNNMB [7,8],
XimMi4He nonipyeaHHsi [9] Ta nasepHi TexHororii (cenekTue-
He nasepHe cnikaHHs [10] Ta npomeHese cnikanHs [11]),
BBAXatloTb iHHOBALIMHAMU Ta Cy4aCHUMM.

AHTUMIKPOOHI BNaCTMBOCTI MatoTb BaXKNMBE 3HAYEHHS
NS CTOMAaTOoMOriYHMX iMMaHTaTiB 32 YMOB CBifOMO iHdDi-
KOBAHOIO cepeoBMLLa POTOBOI MOPOXHWHW. HaHEeCEHHS
Ha MOBEPXHIO BHYTPILLHEOKICTKOBVX METaNeByVX iMnaHTa-
TiB TOHKWX NMIBOK, LLIO MICTSATb PidHi NPOTUMIKPOGHI areHTw
Ta 30aTHi NPUrHivyBaTV IHAEKLIiIO LLNSXOM BUBINbHEHHS
OCTEOTeHHX Ta aHTUMIKPOOHMX KOMMOHEHTIB, BBaXAKOThb
NEePCeKTUBHUM pilleHHsIM [12—19]. HaibinbLu nowmpeHi
cepen HUx — enekTpodopeTyHe / enekTpoxiMiyHe no-
kputTs [20], 30nb-renk [21], HanuneHHs [22] h iMnynbcHe
nasepHe HanunexHs.

Logo noeepxHi iMnnaHTaTy nokasanu: GioakTUBHI
MOKPUTTS MaKOTb He TiflbKi CnpusiTv nponipepadii octeo-
BracTiB i cekpeLlii KICTKOBOroO MaTpuKCy, ane i MiHimisyBa-
TV KOMOHi3aLyjto BakTepil Ha iHKEHepPHIN NoBepxHi [23-27].

[JloBeaeHo, WO nepiogoHTanbHa 3B’A3ka Bidirpae
BaXIMBY POrib Y pereHepadlii TkaHH NapofoHTa, NpoTe
Ha Hei MOXyTb BNAUBATH pi3Hi hakTopm JoBkinns [28].
Tomy gocnigXeHHsi CTaHy MikpouupKkynauii wenen-
HO-NULIEBOI AiNSIHKM Ta NOPOXHWUHK POTa BUKNMKAOTb
HayKoBUW i NPaKTUYHWI iHTepec Y nikapiB-cToMaTomno-
riB ycix cnevjianbHOCTEN, akTyanbHUM 3anuLLaeTbes
MOLWYK ONTUManbHOi METOAMKM ANs peanisauii Lboro
3aBAaHHs.

Mepexy MiKpocyauH, BKMOYaKYM TKaHWHW napo-
[OHTa, AOCMigXyBanu Ha TBapWHHWX Moaensx [29].
BcraHoBunu, WO Y MIKPOLMPKYNATOPHOMY pychi iceH
dopmMyoTbCs NETNEBi CTPYKTYpPU ANS 3axMCTy Bif
GakTepianbHoi iHeasii [30]. Kpim Toro, gocnimkeHHs Ha
NoAsX | TBApMHAX NoKasanw, Lo KPOBOTIK y ICHaX MOXe
3MiHIOBaTUCSA Mif BNUBOM 3anarnbsHoro npouecy [31,32].
lMoBigoMnanm Takox NPo MOZYMsALi0 MiKpoLmpKynsauii
SICEH NpU 3anarnbHKX 3aXBOPIOBAHHSIX, BKIKOYaoYM na-
poaoHTo3, Aiabet Ta rinepToHito [33].

NasepHa gonnepisceka cnoymetpia (J10P) — Heix-
BasiiiHWI METOA, LLO Aa€E 3MOry PeecTpyBaT MiKpOLMp-
KynsiLito B TKAHWHaX noauHu Ta TeapuH. MpuHumn N4
I'PYHTYETLCS HA B3aeMOfii CBITNa 3 TKaHWHO, TO6TO Ha
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npuHumni edpekty Jlonnepa WoAo nasepHoro BUMpo-
MiHtOBaHHs. Lle e ogHa onTuyHa TEXHONOTIA, Wo Aae
iHpopMaLLito PO KPOBOTIK Y NIOXi TKAHWHW 3 BUKOPUCTaH-
HSIM BUZMMOTO ¥ iHchpayepBoHoro ceitrna [34]. B okpemux
focnimkenHsx JTO® 3actocysanu Ans BUBYEHHS LLIKIPHOMO
Ta M’130BOr0 MiKpOCYAUHHOTO KPOBOTOKY Ta peaKTUBHOCTI
B NALliEHTIB Y KPUTUYHOMY CTaHi [35).

Xoua JIA® moxe gatvi TOUHY OLiHKY 3MiHaM LuBWA-
KOCTi KPOBOTOKY, LLO CMPUYMHEHI (hapMaKonoriyHumm
BTPYYaHHSAMM, 3MiHW reMaToKpUTy LM METOAOM JOCHi-
IDKeHi HepocTtatHbo. Ha curdan JIA® moxyTb BnmBaTth
apTedakTV TUCKy Ta pyXy B MiCLii BAMIpIOBaHHS1, 0CODMMBO
B pasy BNnuBY Ha Cnv3oBi 060NOHKN. PaHHe 11 TOYHe
OL|iHIOBaHHS KPOBOTOKY — BaXnvBa nepesara B Oyab-
KN pisionaTonoriyHii Yn nikysanbHin napagurmi. Kpim
TOrO, OLHIOBAHHS 3aroEHHsI paH MOXHa 34iNCHUTK 6e3
pU3nKy KOHTaMmiHauii, iHikyBaHHs abo auckomdopTy
Ans nauiexHta [36].

Merta po6otu

30iicHUTY KNiHIYHMIA aHani3 KaninsapHoro KPOBOTOKY Crn-
30B0i 00OMOHKM NEPIIMMIAHTATHOI 30HM 3@ AOMOMOIO
nasepHoi fonnepiBcLKOi rnoymeTpii, a TakoX NOPIBHSAMNb-
He OLiHI0BaHHSA ePeKTUBHOCTI IMNNaHTOBaHOI KOHCTPYKLT
3 NOBEPXHEID, MOAMMDIKOBAHOK HaHOYacTWHaMK cpibna.

Marepianu i meToAM AOCAIAKEHHA

Y pocnipkeHHi B3snu yydacTb 40 nauieHTis, siki nepeby-
Banu Ha peabiniTauii LLogo BTOPUHHOI YaCTKOBOI aeHTil
MeToA0M AeHTanbHOI iMnnaHTauii. OBcTexXeHUX noainuMnm
Ha 2 rpynu: nauieHtam 1 rpynu (n = 20) BcTaHoBneHo op-
MyBaui SICEH i3 MOBEPXHEH, MOANIKOBAHOK METOLOM
NrasMoBOi enekTpookcuaaLii Ta 4ONOBaHOK HaHOYaCTH-
Hamu cpibna (AgNP); xsopum 2 rpynu (n = 20) BCTaHOB-
NEHO CTaHAapTHI hopMyBavi siceH BUKOPUCTOBYBAHOI
iMNNaHTaLHOI CUCTEMM 3 MOMIPOBAHOK MOBEPXHEH.
KonTponbHa rpyna (n = 20) cchopmoBaHa Ansi BCTaHOB-
neHHs pedpepeHTHIX 3HaYeHb. 3aranom y AoCnimKeHHS
3any4yeHo 60 nauieHTis. MNopiBHSAHHSA 32 BIKOM i CTATTO
obcTexeHnx HaBeaeHo y mabuyi 1.

[locnigpxeHHst 3aiCHANKM Ha KniHiYHMX Gasax kade-
Apv cTomartonorii nicnaaunnoMHoi ocBiTM 3anopisbkoro
ZaepxaBHoro megnyHoro yHiepcutety (KHM «Micbka
nikapHs1 eKCTPEHOI Ta LBMAKOI MeanyHoi gonomoru Ne 5»
3MP i ctomartonorist «Ekciman).

BignosigHo [0 TepMiHiB, IO HaBefeHi B KOXKHOMY
iHOMBigyanbHOMY MPOTOKOMI iMAnaHTauii, nauieHTam
BCTaHOBWNM hopMyBaYi ACEH (apyrum eTan, nepenbaye-
HWIA 4BOETANHUM NPOTOKOIIOM [EHTarbHOI iMnnaHTaLii).

[lonaTkoBi KpUTepil BUKMIOYEHHS 3 JOCMIMKEHHA —
COMaTUYHI 3aXBOPIOBAHHS, reModinis, LlykpoBui iaber,
NOpYLUEHHS apTepianbHOro TUCKY, BiK MeHLUe HiX 16 i
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noHag 50 pokiB, cuCTeMHe NpUiiMaHHS aHTUBIOTUKIB
NPUHaMHI 3a 3 MicALi 4O NoYaTKy AOCHIIKEHHS.

Yci obcTexeHi Hagany NMCLMOBY iH(DOPMOBaHY 3rofly
Ha y4acTb Y AOCTIMKEHHI.

[ns BCTaHOBMNEHHS pedepeHTHUX 3HaYeHb LUBUA-
KOCTi KaninsipHOro KpoBOTOKY B rpyni 340poBUX OCi6
BcTaHoBWNM napametpu JTAD y 30Hi Mik3yOGHMX COCOYKIB Y
¢hpoHTansHoMy Ta BivHMX BigAinax BEPXHbOI Ta HUXHLOT
Lenenu 3 BeCTUOYNAPHOI NOBEPXHI.

Y rpynax nopiBHAHHS LUBMAKICTb KaninspHOro KPOBO-
TOKY BU3Ha4arnm 3i Cnin3oBoi 060MNOoHKM nepiiMnnaHTaTHol
30HU, 6esnocepeaHLO Npunernoi 4o opmyBaya siceH, y
BECTUOYNSAPHIN AinaHUi Ha 10 AeHb MiCns BCTAHOBMEHHS
dopmysava.

Y BCiX BUNagkax Ans KOHTPOMIO SKOCTi iHTerpauii
¢hopmyBay ACeH BCTaHOBMIOBaNM BigKPUTUM CrOCO-
60m. [Ins usoro nig iHdinsTpauinHo aHecTesieto podunu
pO3pi3 y3OOBX BEPLUMHM anbBEONSIPHOTO rpebHs B MPOEK-
Liii BCTAHOBNEHOTO iMMNaHTaTy, 3 MiHiManbHOI iHBasielo
BiZLLIAapOBYBanM crm3oBy 0BOMOHKY 1 OKICTS 10 PO34MHEH-
HS 3armyLUkv. 3arnyLuKy BUAANanu, LWaxTy iMnnaHTary
NPOMMBanK PO34MHOM aHTMcenTuka. llicns KoHTponto
remocTasy BCTaHOBMOBanu obpaHuin popmyBad ACeH i3
TOpKoM 5 H/cm, cnn3oBy 060MOHKy yLLMBanW KETTYTOM.

MauieHTam nNpu3HayYanu BaHHW 3 aHTUCENTUKOM.
3pificHIOBanu iHCTPYKTaX i3 AOAATKOBOI FiFiEHN MOPOX-
HWHM poTa 3i BCTAHOBMNEHUMK (hOpMyBaYaMu SICEH Ha
iMnnaHTarax.

BumiptoBanHa JIO®. [na crabinisayii gatumka
npunagy KOXHOMY MauieHTy BWUrOTOBMSNM CUMIKOHOBY
Kany (puc. 1, 2) Ha AinsHKy, siky gocnimxysanu. Pobunu
OTBOpPW B MPOEKLi AOCTIMKYBAHOI TOYKM, Ha 0,1-0,2 MM
MEHLLi 32 AiaMeTp AaTuuKa; Lie 3ab6e3neqyBario oro Hepy-
XOMICTb Y MpoLeci 3HATTS nokasaHs (puc. 3). KonvsaHHs
MiKPOKPOBOTOKY peecTpyBanu aHanisatopom JIAKK-02
2003 poky Bunycky (puc. 4).

lMpu B3aemogji NasepHOro BUNPOMIHIOBAHHS 3 TKa-
HUHOO BifOUTWIA CcMrHan Mae ABi CKNafoBi: NOCTiNHY Ta
3MiHHY. MOCTiliHMI cUrHan 3yMOBReHWIA BiJoOpaXXeHHAM
Bil HEPYXOMMX CTPYKTYP TK@HWHU, LIO 30HAYETHCS.
3MiHHUIA curHan noB’si3aHWiA i3 YacTUHKamK, Lo pyxa-
l0TbCH, — eputpouuTamun. Y pasi B3aemopii nasepHoro
BUNPOMIHIOBAHHS 3 HEPYXOMOIO TKaHMHOK pO3CisiHe
BUMPOMIHIOBaHHS Ma€e Ty CaMmy 4acToTy, LLO i 30HAyBarb-
HEe BWNPOMIHIOBaHHS, NpW B3aEMOAIi 3 epuTpoLMTamMm,
IO pyXalTbCs, YacToTa PO3CISIHOTO BUMPOMIHIOBAHHS
BiJpI3HAETLCA Bif 4aCTOTU BUNPOMIHIOBaHHS, LLO Nagae,
BIZNOBIAHO 4O Aonnepiecbkoro edpekTy. [lonnepiscbkuii
3CYB YacTOTV MOB’'A3aHWN 3i LIBUAKICTIO epUTPOLIUTIB
3riHO 3 BUPa3oM:

Af =2nVIA,

ae Af — ponnepiBCbkuiA 3CyB 4acTOTH, N — NOKA3HMK
3aNOMITEHHS BUNPOMIHIOBAHHS B TKaHWHI, V — LUBMAKICTb
epuTpoLWTIB, A — AOBXMHA XBWIi 30HAYBaNbHOIO BUNPO-
MiHIOBaHHS1).

Pesynbrat dhnioymeTpii MOXHa onucatu BUpa3om:

MM=KxN_xV_,
ep cep

Ze MM — nokasHWk MIKpoLMpKYnsiLii (amnnityaa cur-
Hany, B Bonbrax), K — koedpiuieHT nponopuiiHocTi (K= 1),

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

OpwuriHaAbHI AOCAIAKEHHSA

Tabnuus 1. XapakTtepucTuku rpyn 3a BikOM i CTaTTIO NauieHTiB

Moka3Huk, oguHuui | 1 rpyna 2 rpyna 3 rpyna

BUMipIOBaHHSA (mocnipkeHHs) | (NOPiBHAHHSA) | (KOHTponto)
(n=20) (n=20) (n=20)

Bik, poku (M £ m) 49,35 +£2,20 52,45+ 2,28 50,35 + 1,21

Yonosiku, n/% 11/55,0 5/25,0 9/45,0

Kiku, n/% 9/45,0 15/75,0 11/55,0

112 rpynamu

I'pynu sicTaHi 3a Bikom (p > 0,05); y rpyni NOPIBHSAHHS YONOBIKIB MEHLLE, HiX B rpyni A0CHimpKeHHS (25 %

npotu 55 %), ane us pisHuLs He Habyna cTaTUcTUYHOI 3HauyLwocTi (p > 0,05).

Nep — KinbkicTb eputpoumTia, Vcep — cepeaHs LWBMAKICTb
€pUTPOLMTIB Y 30HI0BAHOMY 06’€Mi.

Omxe, B HeiHBasiltHoMy MeTopi JTIA® pesynsTyioumin
napameTp BWU3HaYae AMHaMIYHy XapakTepucTuky mikpo-
LMpKynALii KpOBi — 3MiHY NOTOKY KPOBi (Nepdayaii TkaHUHK
KPOB't0) 3@ OAMHMLIIO Yacy B 06'eMi, LLIO 30HIYETHCS.

Yci BumiptoBaHHst JIOL 3aiiCHNM 0gHAM | TM cCamMum
nonepeaHLo kaniopoBaHUM AaTyMkoM. BinTBopioBaHICTb
BMUMIpIOBaHb MonepeaHbo nepesipunu Ha 20 napogoH-
TOMOriYHO 300POBUX 1OOPOBONBLSX, SKUM AOCHIIKEHHS
30iCHUNN Yy ABOX SICEHHUX AinsHkax. Ob4nmcneHHs
BMKOHANM 3a JOMOMOrOK NPOrpamMHoro 3abesneyeHHs
LDF 2.20.

CTaTUCTUYHMIA aHani3 3aiiCHWUNM 3a JOMOMOTOH0 NaKe-
Ta Statistica 13, niueH3is Ne JPZ8041382130ARCN10-J.
[aHi nepesipsnu Ha BiANOBIAHICTL HOPMArbHOMY PO3Mo-
Ainy 3a gonomoroto kputepito LWanipo-Binka. Oawi, wo
BiZNOBIZANM 3aKOHY HOPMArbHOrO PO3MOAiNY, HaBeAEHO
K cepefHe = cTaHaapTHa noxubka (M = m), npu Bigxu-
NEHHI Bid HOPMArbHOrO 3aKOHY PO3MOAiNy — Sk MegiaHa
Ta MixkBapTUnbHUI posmax Me (Q25; Q75). BigmiHHoCTi
MiX rpynamm OLiHIOBanu 3a fOMnomororo kputepito CTbto-
[ieHTa Ans He3anexHux BUGIpoK Npu BiAMOBIAHOCTi 3aKOoHY
HOPMarnbHOrO PO3MOAiy, NPU BiAXUMEHHI Bif HBOTO 3a-
cTocyBanu kputepit ManHa—BiTHi. BigmiHHOCTI BBaXanu
CTaTUCTUYHO 3HauyLwmmu npu p < 0,05.

PesyAabTati

Moaudikauis noBepxHi dopmyBadiB siceH. Y rpyni
[OCRimKEHHS BUKOpUCTanu hopMyBadi ACeH iMnnaHTa-
LinHnX cuctem ApT IMnnanT i ZirconPrior i3 noBepxHelo,
Lo moaudpikoBaHa 3a JOMOMOro NMa3MoBOi €NeKTpo-
oKcuaaLlii 3 4ONOBHEHHSIM HAHOYACTMHAMU cpibna.

OKMCHEHHS aHOAa 34iNCHIOBANM 3a 4OMNOMOrOH
BUCOKOBOILTHOTO pkepena ctpymy KIKUSIU PWR800H
(AnoHis), skum ynpasnanu 3a gonomoroto K i3 npo-
rpamHum 3abesneveHHsm Wavy (KIKUSIU, AnoHis) npu
winbHocTti ctpymy 150 mMA/cm2. TpuBanicTb npouecy
Lopa3y cTaHoBMna 5 xBunuH. Po34uH npw ubomy nepemi-
LLyBasv 3a JONOMOro MarHiTHOI MiLLianku. Temnepatypa
npouecy — 15 °C. lNicna aHogyBaHHS 3pasky IpOMUBay
B notoui Boau DEMI, Bucywysanu Ha nositpi. Micns
LIbOr0 HAHOCUMW HAHOYACTUHKM BUPOOHMLTBA KOMMNaHii
NanoWave (Poland).

MNonepeaHbOo CUHTE3 HAHOYACTVHOK Cpibna 3aicHMNK
B Y®-peakTopi 3 HeipxxaBHoi cTani (Nanowave). Ha KoxHi
200 mn geioHisoBaHoi Bogn gogasanu 400 mr nonisi-
HinniponigoHy K30 i 120 mr HiTpaty cpibna, petensHo
nepemiwysanu. icns OTPUMaHHA rOMOrEHHOI CyMilLlli
fopasanu 150 mkn 20 % Hartpito rinoxnopuTy. Peakuito
NPOBOAWIIN NPU PETENLHOMY NEPEMILLYBaHHI NPOTSTOM
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| Adkk-02

apTepionu
0,7 - 3,9 mmic

1 roguHn. Ha HacTynHomy eTani oTpumaHuii konoig cpibna
(insTpyBanw, BUKOPUCTOBYKOYM MeEMOpaHy 3BOPOTHOIO
ocmocy (Osmotec M300-O), o OTpMMaHHS KOHLEHTpaLi
cpibna 3 r/n. HaHo4acTuHm 3acTocoByBany sk HasiBHI 6e3
[0AaTKOBOIO OYULLIEHHS.

BumiptoBaHHA WBUAKOCTI KaninspHoro kpo-
BOTOKY. KPOBOHOCHI CyAWHU MiKpPOLMPKYNSTOPHOrO
pycna MoxyTb 6yTu OpieHTOBaHi o0 pOHTY XBWIi
30HAYBaNbHOMO BUMPOMIHIOBAHHS MNif Pi3HUMM KyTamm
(puc. 5). MakcumanbHa YacToTa AonnepiBCbKOro 3cyBy
BVHWKAE, KOMNM BEKTOPMU HanpsiMy MOLUMPEHHS! PPOHTY
XBWITi BUNPOMIHIOBaHHS Ta LWBWUAKOCTI PyXy epUTpOLmTY
napaneneHi. Llin cutyaduii BignoBigae 4acToTHWIA 3CyB
maiike 4,4 kU Ons WBMAKOCTI eputpounTie 1 MM/C i
LOBXWHM XBUIi renin-HeoHosoro nasepa 0,638 Mkm npu
MOKa3HWKY 3anoMMneHHs TkaHuHu 1,4, ins eputpoumTis,
L0 PyXarTbCs Mid KYTOM A0 Hanpsmy 30HAYBanbHOro
BUMPOMIHIOBaHHS, BENWYMHA [ONMEPIBCLKONO 3CyBY Yac-
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Puc. 1. Burnapg wabnoHa
3cepeauHi.

Puc. 2. Burnapa wabnoHa
30BHi.

Puc. 3. ikcauis gatumka
B NOPOXHUHI poTa.

Puc. 4. Mpunap NAKK-
02.

Puc. 5. MonoxeHHs
CYOMH [0 XBUIb 30HOY-
BasnbHOrO BUNPOMiHi0-
BaHHS.

Puc. 6. Benuunna

AONNepiBCHKOro 3CyBY
4acToTu.

NOKAIATE L MHKPOLHPEY.IHUNN

\ @ - = ,‘il
J oh HH-® [ g

Kaninapm BEHYJIN
0,1 -0,6 mmic 0,3-1,2 mmlc

Wewnakicte, V

TOTW 3MEHLLYETLCS MPOMOPLIAHO A0 3HAYEHHS KOCUHYCa
uboro kyta (puc. 6).

[locTaBneHHs! nas3epHOro BUMPOMIHIOBAHHS 10 TKa-
HUHW Ta NPUAMaHHA BiAOMTOro CUrHany B npunagax, Wwo
peanisytoTb MeTog, JIAP, 3picHIOTLCA, SK NpaBuro,
3a [10NOMOrOH0 CBITNIOBOAHOMO 30HAA, L0 CKIafAaeThes
3 TPbOX CBITNIOBOAHMX BOMOKOH. OfHe CBiTNOBOAHE
BOJIOKHO BUMKOPWCTOBYIOTb AN nepefadi 30H4yBasb-
HOro BUMPOMIHIOBaHHS, @ ABa IHWKX € NPUAManbHUMK,
AKUMK BigOWTE BUNPOMIHIOBAHHS OOCTABMSETHCA [0
npunagy ns OTOMETPYBaHHS Ta HAaCTYMHOI 06po6kM.
AmMnniTyaa BigbuToro curHany hopmMyeTbes B pesynsrari
BiAOMTTSA BUNPOMIHIOBaHHS Bif, aHCamMbrio epuTpoLTIB,
L0 pyXarTbCs 3 Pi3HNMM LIBUAKOCTSIMU Ta NO-pi3HOMY
KinbKiCHO po3nogineHi B apTepionax, kaninspax, BeHynax
Ta apTepiono-BEHYNSPHMX aHacToMo3ax. ToMy B METOfj
JI0® 3acTocoBylOTb anropuTM yCepeaHeHHs, Lo Jae
3MOry OTPUMAaTK CepeaHin JONNepiBCbKUI 3CYB 4acTOTH
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Ha BCill CyKynHOCTi epuTPOLMTIB, SKi NOTpannsaTb y
30HAOBAHY AinsHKY. BHacnigok Takoro ycepenHeHHs
metogom J1I0® ouiHIoTL 3MiHY NOTOKY epUTPOLMTIB.
[Onsa uboro 06pobnsAoTb BiAOUTWIA CMrHan enekTPOHHUM
LUMSIXOM, 3AINCHIOIYM YCEepeaHEHHS 3a LUBUAKOCTSMU
(nonnepiscbkux 3cyBiB YacToTh). O4eBMAHO, LLO NOTYX-
HICTb BIAOWTOrO BUNPOMIHIOBAHHS CKMAJAETLCS 3 OKpe-
MUX aKTiB BiOOpaXXeHHs BUNPOMIHIOBAHHS Ha KOXXHOMY
€pUTPOLWTI, @ OTXXe 3anexuTb Bif iXHbOI KOHLEHTpaLlji.
Ha Buxogi npunagy opMyeTbest pesynstar onoymeTpii
— CWrHan, amnniTyaa sKoro nponopuiiHa LWBKMAKOCTI Ta
KiflbKOCTi €pUTPOLMTIB.

Y pesynbTaTi AoCHiAKeHb Y KOHTPOMbHIN rpyni npak-
TUYHO 300POBMX Nodel odepxanun Taki pedepeHTHI
3HaYEHHS LUIBMAKOCTI KaninspHOro KPOBOTOKY B AinsiHLi
KPYroBoi 3B'A3KM Ta 3y60-ICEHHWUX COCOYKIB: KiNbKICTb
3amipiB — 40, weuakictb — 7,65 (7,52; 7,86) mm/c.

Y rpyni nauieHTiB 3i BCTAHOBMEHWMM (hOpMYyBa4aMu
SICEH i3 noniposaHoto noeepxHeto (rpyna 2) Ha 10 aeHb
nicns BCTAHOBMEHHS hopMyBaya 3apeecTpyBamu Taki
MOKa3HWKW LUBMAKOCTI KaninsapHOro KPOBOTOKY B AiNsHL
€n130BOi 0OOMOHKM B NepiiMnnaHTaTHilA 30Hi: KinbKiCTb
3amipiB — 68, weuakictb — 5,43 (5,12; 5,83) mm/c.

Y rpyni naujeHTiB 3i BCTAHOBNEHUMM popMyBavamm
ACeH i3 noeepxHeto, Wwo mictutb AgNP (rpyna 1), Ha 10
[JeHb nicns BCTaHOBNEHHs chopmyBaYa 3adikcysanu Taki
MOKa3HWKW LUBMAKOCTI KaninsipHOro KPOBOTOKY B AiNsHLi
Cn130BOi OOOMOHKM B NepiiMNMaHTaTHINA 30Hi: KiNbKICTb
3amipis — 71, wempakictb — 6,97 (6,79; 7,07) mm/c.

lMopiBHAHHS NapameTpiB rpynu 2 i3 KOHTPOMLHOK
rpynoto 3a kputepieM MaHHa—BiTHi nokasano cratucTuy-
HO BiporigHy pisHuLto (p < 0,0001), BiZHOLIEHHSA MediaH
cTaHoBuTh 1,36. BCTaHOBWNM 3HKEHHS LUBMAKOCTI KPO-
BOTOKY, LLIO MiATBEPIKYE CUMbHILLMIA 3anarnbH1A NpoLec,
HDK Y KOHTPOMbHIN rpyni (puc. 7).

Y rpyni nauieHTiB 3i BCTAHOBNEHUMI (hOpMyBadYamm
SICEH i3 noBepxHeto, Lo mogudikoaHa AgNP, Ha 10 aeHb
nicns BCTaHOBMEHHS hopMyBaya MefiaHa LUBWUAKOCTI
KaninspHoro KPOBOTOKY Habnmxanacs [0 3HayeHb, Lo
BCTaHOBWNMW Yy pedepeHTHil rpyni; BiAHOLEHHS MediaH
craHoBuno 1,10, xo4a 3a kputepiem MaHHa-BiTHi pisHuus
cTaTUcTMYHO JocTosipHa (p < 0,0001).

MoaudikoBaHa noBepxHst AGNP nokasana nokpatue-
Hy pereHepaTuBHY (hyHKLIiIO NepiiMniaHTaTHOI 30HK; Lie
3yMOBIIEHO i BUPaXeHUM GakTepuumaHum Ta aHTubak-
TepiansHUM edekTom.

06roBopeHHA

Y UbOMy [OCRIZKEHHI BriepLue 3acTocyBanm HeiHBasin-
HY MeToauKy nasepHoi JonnepiBcbKoi chrioymeTpii Ans
OL|iHIOBaHHS KaninspHOro KPOBOTOKY CMK30BOT 0GOMOHKM
nepiiMnIaHTaTHOI 30HW.

KpoBorik y TkaHWHax 6e3nocepeHbo NOB'sI3aHWI 3
OKCUTEHALIIE KMITVH, 3MEHLLIEHHSIM TOKaNbHOrO aumaoasy,
3MEHLLEHHSIM 3ananbHUX peakLii i Bu3Ha4ae cTaH Tka-
HWHHOTO IMYHITETY, @ TakoX BiAbV1BaETLCA Ha KNITKOBOMY
MeTaboni3Mi Ta SIKOCTi penapaTUBHMX NPOLIECIB Y MOLLKO-
[DKEHIN TKaHWHI. ToMy LWIBUAKICTb KaninsapHOro KPOBOTOKY
BU3HAYMIK SIK OOMH i3 NPOBIAHNX KPUTEPIIB SKOCTi pere-
Hepauii cnm3oBoi 00OMNOHKK B NEpIiiMMNAHTATHIA 30HI B
AinsHUi BCTAHOBIEHOro hopMyBaya SiCEH.

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.
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Puc. 7. TopiBHSHHS LWBMAKOCTI KPOBOTOKY Y rpynax AOCTimkeHHs: rpyna 1 — (hopmyBayamm 3 no-
BepXHeto, Lo micTuTb AgNP; rpyna 2 — nonipoBaHa noBepxHs (hOpMyBaya; rpyna 3 — KOHTPOrbHa

(3moposi).

OO6rpyHTYBany Ta KniiYHO NiTBEPANUIU LOLINBHICTb
Bubopy KkoHueHTpauii AgNP i cnoci ix HaHeceHHs Ha
MOBEPXHIO iHTPariHriBanbHOT YaCTWHN KOHCTPYKLii. 3Ba-
Xatoum Ha LLiNbHUIA 3B’A30K MK iH(PEKLIIEID Ta MOBEPXHEID
imnnaHTaty abo opmyBada siceH, 3anponoHyBanu
moaumdikaLito noBepxHi dhopMyBaya siceH (nnasmosa
enektpookcuaauis —AgNP), Wwo Moxe iCTOTHO 3MEeHLUMTH
MiKpOBHY KOHTaMiHaLjto B AinsHLUi Crnn3oBoi 060MOHKM
nepiiMnnaHTaTHOI 30HW, Ha PaHOBI NOBEPXHI Ta B KMLLEHI
MiX dopmyBavem siceH abo abaTMEHTOM i CM30BOKO
060110HKO. Lle cnpusie 3MEHLEHHI0 3ananbHOro KoM-
MOHEHTA BXE B PaHHi TEPMIHW 3arO€HHS.

Li npunyLieHHs nigTBepaXeHo KNiHIYHO LUMASXOM
BUKOPUCTaHHS Na3epHoi AoNnepiBCcbKoi (prnoymeTpii sk
€0VHOTO HEiHBa3iIMHOTO MeToAY KIiHIYHOI AjiarHocTuku. Y
rpyni NawieHTiB 3i BCTAHOBMNEHUMM hopMyBayaMu SceH
i3 nosepxHeto, Wwo Mictutb AgNP, 3acikcyBanu wBua-
KiCTb KDOBOTOKY, MaKCMarnbHO 6rn3bKy 3a 3Ha4eHHSMU
[0 pedepeHTHOi rpynu (8o 91 % Big pedepeHTHUX
MOKa3HWKIB).

Ha 10 geHb npu BUKOpUCTaHHI (hopMyBaYiB SICEH i3
nosepxHeto, Wwo Mictutb AgNP, cnocTepiranut No3MTUBHY
AMHaMiKy, 36inbLUEHHS LUBMAKOCTI KPOBOTOKY CM30BOI
060n0oHKM NepiiMnnaHTaTHOI 30HM (6,97 MM/C) NopiBHAHO
3 rpynoto, Ae 3acTocyBanu hopMyBaui iceH i3 nonipo-
BaHO nosepxHeto (5,425 Mm/c). Y pasi BUKOPUCTaHHS
¢hopmyBayiB sceH i3 noBepxHeto, Wo MicTuTb AgNP,
36iMnbLUeHHs LWBWAKOCTI KaninspHOro KpoBOTOKY (Ha
22,2 %) B OKpeMmi nokaLuii cBiguMTb NP0 3MEHLLEHHS
NOKanbHOTo auuao3y, NPUrHIYEHHs 3ananbHuX npowe-
CiB i HAsIBHICTb BMPaXEHOro NpPoTMU3anansHoro eekTy
AgNP nosepxHi.

BpaxoBytoun pesynsraTu, WO opepKanu, MoxHa
CTBEPPKYBATMW: 3anpONOHOBaHUA Bua, Mogumdikauii no-
BEPXHi YaCTWH JeHTanbHOro iMnnaHTaTy, hopmysaya
SICEH € AOUIMbHILUMM 415 BUKOPUCTAHHS B iMNIAHTONOTI.
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BucHoBKU

1. Buwi (Ha 22,2 %) nokasHuKK WBKMAKOCTI Kaninsp-
HOrO KPOBOTOKY CMU30BOi OOOMOHKM NepiiMniaHTaTHOI
30HU B NaLiEHTIB Y pa3i BUKOPUCTaHHSA (DOPMYyBaYiB SCEH,
o mictate AgNP, nopiBHSHO 3 NoniposaHUMK hopmyBsa-
Yamu cBig4aTh NPO BUPaAXEHWI NpoTM3ananbHWiA edoekT
nosepxHi, gonosaHoi AgNP.

2. 3HayeHHs1, otpumani B rpyni 3 AgNP, makcumansHo
(30 91 %) HabnkeHi [0 pedpepeHTHMX NOKa3HWKIB LUBU-
KOCTi KDOBOTOKY B KaninsipHOMy pychi MapriHanbHUX SiceH
3a0poBux ntofeit. Lie aae niactasm npunyCcTUT HasiBHICTb
BUPAXEHOro aHTUMIKPOBHOro edekTy HaHO4aCTUHOK
cpibna Ha noBepxHi hopmyBadiB siceH abo abaTmeHTiB.

3. Ockinbkn KpoBOTIK y TkaHMHax Ge3nocepenHbO
MNOB’I3aHWIA 3 OKCUreHaLlie KIITUH, 3MEHLLEHHSIM JI0Kanb-
HOrO aLua03y, 3MEHLLEHHSIM 3ananbHUX peakLin i BU3Ha-
Yae CTaH TKAHWHHOTO IMYHITETY, a Takox 6e3nocepenHs0
BiAOMBAETLCA Ha AKOCTI penapaTuBHUX NPOLECIB Y
MOLUKOMKEHIN TKaHWHI, pe3ynsTaTi AOCHimKeHHS 06r'pyH-
TOBYHOTb peKOMEeHAaLto 3anponoHoBaHoi AGNP-noBepxHi
[0 BUKOPUCTAHHS Y KNiHIYHIA NpakTuLi.

4. HeiHBasuBHICTb MeTOAY, AOCTOBIPHA TOYHICTb MO-
Ka3HWIKiB i 6e3nepeyHa BaXKIMBICTb AaHWX NPO KaninspHun
KpOBOTIK € miacTaBoto Ans pekomeHgauii JIA® metony
ANS BUKOPUCTAHHA Y KNiHIYHIA NpakTuLi, a ogepxaHi
MOKa3HWKW 3HaYeHb SICEHHOTO KaminspHOro KPOBOTOKY
3[0POBMX MOAEN BBaXaTy pedpepeHTHUMM.

MepcnekTBK NoaanbLUKMX AOCTMKEHb NONAraloTh
Y BU3HAYeHHi eeKTUBHOCTI po3pobrneHoi MeToauKm
MoaudikaLii NoBepXHi LUISAXOM BBEAEHHS HaHO4aCTUH
cpibna Ta KIiHiYHOro NigTBEPMKEHHS HAsIBHOCTI GakTepio-
cTaTuyHoro Ta 6akTepuumaHoro ecpekty MoaudikoBaHoi
MOBEPXHi IMMNaCTPYyKLIT.
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MeseHximanbHi ctoBbyposi knituHy (MCK) € pisHOMaHITHUMM 32 MNacTUMHYMK, CEKPETOPHUMM 11 iIMyHOEHOTUNOBUMI O3HAKaMM,
LLIO 3yMOBIEHO OCOBNMMBOCTAMM iXHBOTO reHeTUYHOro NaHawadTy. MCK, sik i iHLwi KniTuHW opraHiamy, € pesynsratom peanisavji
rEHETUYHOI iHhopMmaLlii, ane Aesiki KNiTUHW Ha Pi3HUX eTanax ricToreHesy BUXOAAT i3 HbOro. Taki pe3uaeHTHI KMiTUHW Y TKaHWHAX i
€ cToBOYpOoBUMM. BoHM nepebyBatoTh Y CTaHi NNacTUYHONO CMOKOHO, @ iXHil FeHOM He 3a3Ha€ 3MiH, SiKi CpUYMHUN 6 KOMITYBaHHS /
andepeHuitoBaHHsA. OfHaK Ui KNITWHW BUSIBNSIOTb NEBHY aKTUBHICTb, MPOAYKYHOUM PisHi BiONOriYHO akTuBHI dhakTopw. JloriyHo
BBaXaTu, LU0 KIiTUHW, SKi BUXOOATH i3 MPOLECY TiCTOreHe3y Ha pisHWX MOro CTagisx, MaTUMyTb Pi3Hi reHeTUYHI naHawadTy,
iMyHOheHOTUNK, cekpeTopHi noTeHLii. 3a yMoB dhisionoriyHoi abo penapaTuBHOI pereHepalii BinbysaeTbes aktueauis MCK, i B
Zpyromy Bunazky BoHa € BbyxoBoto. 3a npmpoaHmx ymoB akTvsaLlisi MCK npy noLLKOMKEHHSX NpU3BOaNTb 0 AMEPEHLiHoBaHHS
iX y chibpobnacTu 1 yTBOPEHHS Cromny4HOTKaHMHHOTO pybLs, ane Taki HACNiAKV penapaLlii YacTo BCTYNatoTb Y KOHGITIKT i3 Linmnto
NiKyBaHHS, KON CTaBUTLCS 3aBAaHHS He YTBOPEHHS pybLisi, a BIAHOBNEHHS NapeHxiMm1 opraHa Ta noro cyHkuii. OTxe, edekty,
Lo 6yayTb oTpUMaHi B pesynetarti 3actocyBaHHs MCK, 3anexatumyTb Bif iXHbOrO BUXIGHOTO CTaHy Ta CrocobiB MEHEMKXMEHTY.

MeTa po60T1 — NpoaHaniayBaTy BifoMOCTi (haxoBOi niTepaTypy LLOA0 Me3eHXiMaribHUX CTOBOYPOBUX KNITUH B acneKTi iXHbOI
30aTHOCTI 0 AnbepeHLiiloBaHHS Ta CekpeLlii perynaTopHux )akTopis, iMyHO(DEHOTUMNOBKX O3HAK | FeHETUYHOTO NaHAWagTy,
LLIO MOXYTb CMPULMHATY IXHIO Pi3HOMAHITHICTb.

BucHoBku. [ins otpumanHs BaxaHoro pesynbrarty Big BukopuctaHHs MCK y meauumHi HeobxigHo BpaxoByBaTy Barato dhak-
TopiB. OgHaK BiZOMOCTI LLOAO LibOro MUTaHHS e dyparMeHTapHi, 4acTo HeoAHO3HauHi. Kpim Toro, HaBiTb BpaxyBaHHS BiJOMUX
¢hakTopiB y pisHMX KOMBIHaLisX € CknaaHUM 3aBOaHHAM nig vyac MeHemxmeHTy MCK. 3Baxatoun Ha B6esymMmoBHUiA npiopuTeT
reHETUYHMX | MonekynspHux gocnimkeHb MCK, akTyanbHAM 3anuiuaeTbes i eMMipUYHUA METOA AOCTIMKEHHS NNACTUYHUX i
dpiionoriynmx Bnactusocten MCK. BiH MOXe He Tinbkv CTBOPIOBATY MiArpyHTA ANt pO3pO0IeHHs HOBITHIX METOZIB NMiKYBaHHS,
ane i BU3Ha4aTW HanNpsiM1 MOLLYKIB Y FEHETUYHWX | MONEKYNSIPHUX JOCTIIKEHHSIX.

Mesenchymal stem cells: diversity

0. M. Grabovyi, N. M. Nevmerzhytska, L. M. Yaremenko, H. B. Kostynskyi,
A. S. Demydchuk, H. Yu. Kondaurova

Mesenchymal stem cells (MSCs) are diverse in terms of plastic, secretory and immunophenotypic features, which is due to the
peculiarities of their genetic landscape. MSCs like other body cells are the result of the implementation of genetic information.
However, some cells at different stages of histogenesis leave it. Such resident cells in tissues are stem cells. They are in a state
of plastic quiescence and their genome does not undergo changes that would lead to commitment / differentiation. Although,
these cells show a certain activity, producing various biologically active factors. It is logical to assume that the cells emerging
from the process of histogenesis at its various stages will have different genetic landscapes, immunophenotypes and secretory
potentials. The activation of MSCs occurs under conditions of physiological or reparative regeneration. Moreover, on the second
hand it is explosive. Under natural conditions, the activation of MSCs during damage leads to their differentiation into fibroblasts
and the formation of a connective tissue scar. But such consequences of reparation often come into conflict with the goal of
treatment, when the task is not the formation of a scar, but the restoration of the parenchyma of the organ and its function.
Therefore, the effects that will be obtained when using MSCs will depend on their initial state and methods of management.

Aim. To analyze literature data on mesenchymal stem cells that reflect their ability to differentiate and secrete regulatory
factors, immunophenotypic features and genetic landscape that may underlie their diversity.

Conclusions. To obtain the desired result from the use of MSCs in regenerative medicine many factors must be taken into
account. But data in this area is still fragmentary and often ambiguous. In addition, even taking into account the known factors
in their various combinations is a very difficult task in the management of MSC. Given the unconditional priority of genetic
and molecular research of MSCs the empirical method of studying the plastic and physiological properties of MSCs remains
relevant today. It can just not create the basis for the development of the latest treatment methods, but also determine the
direction of research in genetic and molecular research.

MeseHximanbHi ctoB6yposi knitnim (MCK) y nopocrnomy
opraHiami— nonynauii MynsTUNOTEHTHUX KMITUH, LLO 3AaTHi
[0 CaMOOHOBIEHHS, MEPCUCTEHLi Ta AMdepeHLiioBaHHS
B Pi3HMX HanpamMax. Lli KniTuHK BiGHOCHO Nerko BUAINUTY 3

Pi3HWX TKaHWH OpraHiamy Ta AOBOMi LLBUAKO PO3MHOXWTY B
KyrsTypi, A€, KpiM TOro, MOXHa, X0 | 06MexeHo, peryntosa-
TVt iXHI0 andbepeHLiaLito. Lie cTano 0CHOBHO NPUYKHOK
LLIMPOKOTrO AOCTIMKEHHS | HACTYNHOro BuKopucTaHHs MCK.
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MpoaHanizyeaTu BigOMOCTI (haxoBoi niTepaTypu oo
Me3eHXiMarnbH1X CTOBOYPOBWX KNITUH B acnekTi IXHboi
3AaTHOCTI 40 AncepeHLIitoBaHHS Ta cekpeLii perynatop-
HUX (PaKTopiB, iIMyHO(PEHOTUMNOBUX O3HAK i FEHETUYHOIO
naHaWwagTy, WO MOXYTb CMIPUYMHATY TXHIO Pi3HOMaHIT-
HIiCTb.

3aranbHuMK yHKLiOHaNbHAMW BNAcTUBOCTAMM
MCK € ixHsa 3naTHicTb 40 aaresii 3 nNacTMKOM 3a CTaH-
[apTHMX YMOB KyNnbTUBYBaHHS, ekcnpecis CD105, CD73
i CD90 (=95 %) Ta BigcyTHicTb ekcnpecii CD45, CD34,
CD14, CD11b, CD79a, CD19 i HLA Il knacy (2 %),
¢dibpobnactonoaibHa mopdonoris Ta MOXNUBICTb
AudepeHuitoBaTuca B octeobnacTv, agunountu ta
xoHgpobnactu [1,2]. 3a NeBHWX YMOB KynbTUBYBaHHS
MCK moxyTb audepeHuioBaTUCA B HeMe3o4epMarbHi
Knonw [3]. 3a3Haunmo, L0 HOBi METOAW BUAINEHHS CTOB-
6YpOBMX KNITUH 3MIHUNW NapagMrmy LLOAO iXHbOI aaresii
o nnactuky. OnucaHo pakuii kynstyp MCK, wo He
NPUIMNaKTb, — TaK 3BaHI HEMPUIUNarbHi Me3eHXiMarnbHi
nonepenHuky [4]. Lig knitwHHa dpakuis 3anexwTs Big Aii
OCHOBHOrO (hakTopa pocTty ibpobnacris (bFGF), moxe
PO3MHOXYBaTUCS K KNITUHHA CYCMEH3is, CTAHOBMSAYM
cneumdiyHy Nonynswilo paHHIX NONepenHuKIB i3 MeHL
KOMiTOBaHMM ¢heHoTunom nopisHsaHO 3 MCK, wo npu-
KpinneHi 4o nnactuky [4].

3miHn nepebiry pereHepalii TkaHuH nicnsa TpaHc-
nnaHTauii MCK 3ymoBneHi iHTerpauieto B TKaHWHM
peuunieHTa Ta iXHBOK CEKPETOPHOK (MapaKkpUHHOMK)
aKTUBHICTIO [2,5,6].

MCK xapakTtepusyloTbCs nponidhepaTtnBHO0, aHTK-
anonTOTUYHOK, NPOTMU3ananbHOK, aHTUOKCUMAAHTHOM,
npoaHrioreHHoto [2,7,8], aHTM(IBPOTUYHO Ta aHTU-
Mikpo6Hoto akTuBHicTio [9]. MikpoBeaukynu, ogepxaHi
3i cToBOYpOBMX KMiTWH, Wwo MicTaTb MPHK, mikpoPHK i
6inKK, KOTPi BUBINBHATLCS SIK €K30COMU B MKKIITUHHE
cepenoByLLE, BCE YaCTILLE BM3HAYaloTb SIK MOTYXHI Te-
paneBTuyHi areHTy [10]. EK30coMM iHAYKYHOTb NOBTOPHMI
BXif}, PE3MAEHTHNX KIITUH Y KIITUHHWIA LMK NPU MOLUKO-
IDKEHHI TKaHWH, L0 NPM3BOAUTb A0 iX CAMOBIAHOBIIEHHS;
Lie TeCTY0Tb NPy NaTonorisax cepLs, HEPBOBOI CUCTEMM,
onopHo-pyxoBoro anapary [10].

MCK matoTb iMyHOCynpecuBHi BnacTmBocTi [11] BHac-
nigoK aHTunponidepaTMBHOMO BANMBY Ha MiMGOLUTH,
iHribyBaHHsa T-kniTuH i knitvH nam’sTi [12]. Kpim Toro,
MCK 3meHLytoTb cekpeLito iHTepdepoHy-y (IHO-y) Ta
30inbLWYOTb / HE 3MIHIOOTL CEeKpeLil iHTepnelikiHy-4
(11-4), cnpusitoumn «NEpEeKMoYEHHI0» IMYHHOI BigMOBIA
3 nepeBaxHO onocepeakoBaHoro Th1 i3 BUAINEHHAM
npo3sananbHUX LMTOKIHIB HA onocepeakoBaHui Th2 3
BUAINEHHAM NpoTuU3ananbHuX UMTokiHIB. Lie BukopumcTo-
BYIOTb ANs Tepanii B pasi peakLii «TpaHcnnaHTar npotu
xassiiHay [11].

IMyHOCynpecisi 3yMOBNEHa TakoX napakpuHHUMU
PO34YMHHUMK (haKTOpamy Ta MPSMOK MiXKKIITUHHOK
KOMYHiKaLi€to, Lo onocepeakoBaHa peventopamm [13].
PosumHHi chakTopu Brmtovatote HGF, TGF-B, PGEZ2, IDO,
IL-10, NO, HO-1, HLA-G Ta ek3ocomu, LLO BBaxatoTb
HaredEeKTUBHIIMMK 3acobamu AN [OCATHEHHS iMy-
HocynpecuBHux edpexTiB MCK [13]. 3a3Hauumo, wo MCK
BUBINbHSAIOTb €K30COMMU 3 iIMYHOCYMPECUMBHUMM ehekTamm
TifbKKM Nicns nonepeaHboi akTMBaLlii npo3ananbHUMK -
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TOKiHamK, MOLENIo4Y 3anarnbHe MikpocepeaosuLe. Ex-
30COMMY, LLIO BMBIMbBHSATLCS 3 NONepeaHb0 aKTUBOBAHMX
MCK, moxyTb nepekntoyati makpodparv Ha M2-nogibHui
¢heHoTun Wwnsxom nepemileHHs miRNAS, siki peryniootb
nonsipuaadito makpodaris [14]. MCK cuHTesytoTb LuTOKI-
HW Ta pocToBi (hakTopu, HeobXiaH Ans nponidepauii Ta
AndepeHL;toBaHHS nonepeaHUKIB KPOBOTBOPEHHS [15].

Kpim Toro, TNF-a Ta IFN-A 6epyTb yyactb y pe-
rynauii npo- abo npotusanansHoi gii MCK [16]. Korm
HasBHICTb LMX ABOX LIMTOKIHIB JOCArae BUCOKOMO PiBHS,
BoHU ctumyniooTe MCK go cekpedii INOS (muwwi) abo
IDO (ntognHa), CNpUYMHAYM NPUrHIYEHHS Nponichepavii
T-kniTvH Ta iHaykuii Treg [16]. Tomy pieeHs iINOS abo IDO
3anporoHOBaHO K «MepeMuKay» Mix Npo- Ta NpoTusa-
nancHoto aieto MCK [16]. MikpootoueHHss MCK Takox
moxe nepekntodaty ctaH MCK mix nposananbHumu
Ta npotusananbHUMKn ceHotunamm [16]. MposananbHi
MCK aktuBytotb T-kniTuHu, cekpetytoum MIP-1, CCL5,
CXCL9, CXCL10 i pekpyTytoum GinbLue nimcpouuTis [16].
MpotuaananeHi MCK moxyTb iHribyBaTt fo3piBaHHs Ta
yHKUiT AEHAPUTHWX KNITWH i Makpodaris, BOAHOYAC
3YMOBIIOKOYM 3PYLLEHHS B BiK perynsTtopHux OeHapuT-
HUX KNiTUH i NpoTM3ananbHux makpodaris M2 [17],
eheKTUBHO MopyLLYTL NponidepaLiio Ta npo3anarnbHi
dyHKUioHanbHI BNacTuBoCTi B- i T-nimcpouuTi, iHAYKYOTb
yTBOpeHHs Treg i Breg [17].

ImyHoMopgyntoBanbHi Bnactueocti MCK patotb
nigcTaBmM OO iX BUKOPUCTAHHS Mig Yac NiKyBaHHS Takux
3aXBOPOBaHb, SIK EKCIEPUMEHTASIbHUIA eHLehanoMieniT,
koniT, TpombouuToneHis Towwo [9]. MCK matoTb BUHATKOBY
3AaTHICTb MoaymioBaTh eHOTUN i (hyHKLiOHaNbHI Bna-
CTMBOCTI Pi3HUX IMYHHUX KNiTUH [17].

3aincHUNM konocarnbHy KinbKiCTb AOCMIMKEHb i3 BU-
kopuctaHHam MCK y pereHepatopHii megmumHi [18-20].
Mokasanu 3gatHicte MCK andpepeHuitoBaTUCh Y pisHi
TAMW KNITVH | Me3oaepMarnbHOro, 1 eKToAepPMasibHOro,
€HTOAEepPManbLHOro NOXoMKeHHs [21,22], BKNoYvatoun
eHpoTenianbHi knituhn [23], kapaiomiouuTn [24], renato-
LmMTK [25] Ta HerTpanbHi KNiTuHK [26]. BTim, Aeski asTopw,
BU3Haroum 3patHicte MCK gndepeHLuitoBaTcs B TPbOX
OCHOBHMX HanpsiMax Me3eHximanbHoi andepeHuiaLii — B
ocTeobnacTt, xoHapobnactv 1 aguMnouuUTH, BBAXaloTb
CYMHIBHOIO MOXIMBICTb iX AUEepeHLiitoBaHHS B KIITUHM
iHLLIKX 3apOJKOBMX NUCTKIB (EHTOAEPMAaIIbHOIO 11 ekToaep-
MarnbHoro) in vitro Ta in vivo [1].

MCK — ny>e HeopHOpigHa nonynsuis opraHiamy [27].
B gopocnomy opraHiami ix MOXHa BUAINUTU Maike 3
6yab-sKoro opraHa [3]: KICTKOBOrO MO3KY, KMPOBOI TKaHM-
HW, NepnepUyHOI Ta MEHCTPYarbHOI KPOBI, LLIKIpK, TUMY-
Cy, CenesiHkv Ta EHOOMETPIlO, NereHb, CKENETHUX M'A3IB,
CHHOBIaNbHWX 06OMOHOK i PiANH, CIIMHHMX 35103, O4HOTO
abnyka, TkaHWH 3y6a (nynbna, MomnouHi 3you, Mix3ay6HuI
COCOYOK, SICHA, NEPIOMOHT, KMiTUHW, OTPUMaHi 3 3yGHMX
3a4aTKiB), TKaHWH, LLIO NOB’A3aHi 3 nonoramu (nnawexTa,
aMHIOH, NyMNOBWHHA KPOB), S€YKa Ta rONIOBHOrO MO3KY
[4,6,28-30]. Take 3HauHe nowwmpeHHss MCK nos’sizaHe
3 KOHLenLieto, Lo Bkasye Ha HasiBHiCTb MCK-nogibHux
MONynsALiA Make B YCix OpraHax, OCKiNbK BOHY MOB'A3aHi
3 KPOBOHOCHWMMM MIKPOCYAMHAMM 3aBASIKM NEpUBACKY-
NSPHAM cTpomMarnsHuM / ctoBypoBuM KnituHam [4]. o
OCTaHHIX Hanexatb nepuumty (CD146+) 11 anBEHTULINHI
knituim (CD34+) [31].

Orasaam
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HanpukiHui XIX ctonitts Eberth i Rouget ynepue
onucanu KnitWHW, Lo po3TaLloBaHi 6ing cyauH, ay 1923
poui Zimmermann Ha3BaB Lii KNiTUHW NepuLmMTamMu, Maroum
Ha yBagi iXHI0 TeHAEHLo 0bepTaTcs HAaBKOMO Kaninspis
[32-34]. Bonw BO6ynoBaHi B 6a3ansHy MembpaHy cyanH
Ta YTBOPIOIOTb KOHTaKTK 3 eHgoTeniouutamm [35,36]. L
KNiTUHW Nicns eKcnaHcii in vitro BignoBigatoTb kputepism
MCK [37]. MNepuumnTy nepeBaxHO eKCrpecyoTb reHu, LWo
MOB’sI3aHi 3 aHrioreHe3oM i rmaaKkoM's30BUMM KiTUHAMK
cyovH (Hanpuknag, ACTA2, ANGPT2, ANGPT1 i uPA)
Ta MaloTb BUPaKEHUA NPOBacKynoreHHnn edpekt [31].
BcraHoBunm ixHio BUpilLanbHy posib y 403piBaHHi 1 Mig-
TpUMaHHi MopdporeHesy CyauH, B yTBOPEHHI Ta perynsuii
dyHKUiOHYBaHHS remaToeHuedanivyHoro 6ap’epa [36]. Y
HUPKaX NepULIMTY BU3HAYaIOTb SIK ME3aHriarnbHi KNiTWHW,
a B neviHuj — knituhu |70 [35].

ALBEHTULIVHI KNITUHW TakoX po3TalloBaHi nepu-
BacKynsipHO Ta MOXYTb HabyBaTu nepuumTonogibHoro
iMyHO(eHOTUMY 3a NEBHUX YMOB KynbTMBYBaHHS [31].
ALBEHTULIHI KNiTUHM € Binblu «CTOBOYPOBUMMUY NOPIB-
HSHO 3 nepuumTamun. BoHu 3pebinbLuoro ekcnpecyotb
Kirlbka reHiB nniopunoTeHTHocTi abo cTtoBOypoBoCTi (Ha-
npuknag, NANOG, CMYC, KLF2), peuentopu chaktopa
POCTY, XapaKTepHi ANs KMiTWH-NoNepeHVIKIB (Hanpuknag,
FGFR2, PDGFRA, TGFBR1A), a Takox OCTEOreHHwit
TpaHckpunuinHui daktop RUN [31].

OpHi aBTOpPM BKa3ylTb HAa ILEHTUYHICTb AEAKMX
Brnactmeocteit MCK, oTpumaHmx i3 pisHux mxepen, a iHLi
LOCMIOHVKU BU3HAYMMK, LIO HaBiTb NPW KYNETUBYBaHHI
3a oaHuX i TMX cammx ymoB MCK pi3HOro noxomxeHHs
BiJPI3HAIOTLCA 3a 30aTHICTIO (hOPMYBaTK KOMOHii, eKc-
npecieto reHiB i cTyneHem audepeHuiadii [2,6,37]. MCK
KICTKOBOrO MO3Ky MOKasanv 3Ha4yHO BULLY OCTEOreHHY
Ta XOHAPOreHHY 3AaTHICTb MOPIBHSHO 3 aaUNOrEHHUMM
MCK [38,39], manu 6inbLu paHHIO Ta BUCOKY aKTUBHICTb
nyxHoi docdoTasn, BigknageHHs KanbLito Ta eKCrpeciio
TEHiB, NOB'A3aHNX 3 OCTEOTEHE30M | XOHAPOreHe3oM, Ta
acoLifioBaHOro 3 0CTEOreHe30M Ginka 0CTeonoHTUHY [38].
MCK, L0 oTprMaHi 3 KICTKOBOIO MO3KY, XapaKTepu3ytoTb-
€S KpaLLot 3aTHICTI0 0 nponidepalii Ta yTBOPEHHS
KOmMoHiw, Hixx MCK, Lo ogepxaHi 3 XMPOBOi TKAHWUHM
[40]. 3a3Hauumo, wo MCK kicTkoBOro MO3KY, Ha BigMiHy
Bia MCK »wupoBoi TkaHWHW, Bobpe 30epiratoTb 30aTHICTb
[0 AndpepeHLitoBaHHs nicna 6aratopasoBux nacaxis
[40]. KinbkicTb, YacToTa Ta CTyniHb AnepeHLitoBaHHS
MCK KicTKOBOTO MO3Ky HEraTMBHO KOPEMIOKTh i3 BiKOM
[41]. MCK »upoBOi TKaHWHW MatoTb BUCOKMI NOTeHLian
aHrioreHesy Ta BackynoreHesy [42].

Po3pisHstoTb ABi cybnonynsuji cToBOypoBMX KIiTUH,
LLI0 OTPUMaHI 3 KMPOBOi TKAHWHW. Tak, 3anexHo Big Micus
BUITyYeHHS] BM3HA4arTb MiALKIPHI KMPOBI CTOBOYPOBI
knitnHu (subcutaneous adipose stem cells, AS-SCs) Ta
BicLieparbHi xvpoBi cToBypoBi kniTHK (visceral adipose
stem cells, AV-SCs) [43]. MCK, BuaineHi 3 nigwkipHux
AiNSIHOK, MatoTb BULLMIA OCTEOrEHHUA N XOHAPOrEHHWIA
noTeHLjianu, HiX Ti, WO opepxaHi 3 rmmbokoro wapy
XupoBoi TkaHuHu [43]. Binok p53 Bigirpae kniovoBy
ponb y andeperuiauii MCK nogvHu, oTpUMaHmx i3 xu-
POBOI TKAHWHW, @ TaKOX BNSIMBAE Ha iXHIN OCTEOreHHUI
i agMnoreHHUIN NoTeHUian BHACNAOK 30iNbLUEHHS reHiB
osterix, TpaHCKpunuinHoro chaktopa runt i peuentopa,
akTMBoBaHoro nponigepatopom nepokcucom (PPAR)
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[44,45]. MCK, ogepxaHi 3 nnaueHTH, MatTb XOpoLly
MirpaLinHy 3aaTHICTb, NOTeHLUianu eHgoTenianbHoro 1
aaMnoreHHoro AndepeHLitoBaHHs [46], ane AeLo HKkIY
30aTHICTb 4O OCTeoreHHoi andepeHuiaLii (NopiBHSAHO 3
MCK «icTkoBoro mMosky) [47], a BuAineHi 3 NynoBuUHHOI
kpoBi MCK MaioTb BMCOKMI NOTEHLian XOHAPOreHHoi
andepeHuijauii [48]. MCK 3y6GHOrO noXomKeHHs 3aaTHi
AndepeHLiloBaTUCS B 0CTEOONACTH, XOHAPOLMTH, MioLW-
TV, KapOiOMIOLMTK, aKTUBHI HEMPOHW, KMiTuHM LLIBaHHa,
MenaHoumMTY Ta renatouuTonoaibHi knituhn [49). binblue
Toro, MCK nynbnu 3yba — ontumanbHuin BapiaHT Ans
HeMponpoTEKLi Ta HelpuToreHey nopieHsHO 3 MCK
KICTKOBOTO MO3KY Ta XupoBoi TkaHuHM [50]. MCK m’a30-
BOI TKGHWHW MaloTb BMLLY 34aTHICTb 4O OCTEOreHHOro 1
MiOreHHOro AndepeHLitoBaHHs NMOPIBHAHO 3 KICTKOBUMM
aHanoramu, a TakoX 3iCTaBHWUI aauUMOrEeHHWIA | XOHAPO-
reHHwiA noteHujanm [51]. Cekpetom MCK, Lo oTpumaHi 3
€HOOMETPIs, XapaKTepu3yeTbCsl iIMyHOMOAYIHOBANBHO
AKTUBHICTIO, CTUMYIIOE PO3POCTaHHS HEMpUTIB, ane
IXHiN NpoaHrioreHHW ehekT onucaHo HegoCTaTHLO [4].
EnpometpiansHi MCK — HoBa, BU4EpnHO He JocTimKeHa
nonynsauis MeseHxiManbHUX NonepeaHuKis, WO AOCi He
MatoTb cneuudivHnx mapkepis [4].

linokcis nocuntoe Ta 36inbLUye LBMAKICTL Nponide-
pauii ctoBbypoBux KniTuH [52], niaBuULLYe XuTTE3aT-
HICTb KMITUH in Vitro Ta NpWXUBMEHHS KNITUH in vivo [53],
MOKpaLLye IXHI0 Mirpauilo Ta 3MeHLWye pennikaTueHe
cTapiHHs [52,54]. [inoKcis akTUBYE CUTHAMNbHUA LUNSX
Akt Wwnaxom ocdopunioBaHHs, CNPUYNHAIOYN Me-
TaboniyHe nepenporpamyBaHHs CTOBOYPOBMX KMiTWH
y Gik rnikonisy, migTpumye nponicepawito KNiTuH npu
06MeXeHHi HaaxomkeHHs kucHto [53]. Ller curHanbHuin
LINSX Bigirpae knK4oBy pornb y cTabinisauii daktopa
TpaHcKpunuii, Wo iHaykyeTbes rinokcieto (HIF)-1, a noro
OMMEpW aKTUBYKOTb TPAHCKPUNLi TeHiB, L0 KOAYHTb
rNiKONITUYHI (PEPMEHTH Ta NEPEHOCHWKN iokoan [53].
B pesynbrati nigBULLYETLCA E€KCNPeCis NepeHOCHUKIB
FTOKO3W, AOAATKOBO 36iMbLUYETLCH NPUMANB MOMEKYIN
rTHOKO3Y Ta 3aranbHa rMiKoNiTUYHa akTUBHICTb Y KINITUHAaX
[63]. MCK B ymoBax rinokcii cekpeTyroTh Hinblue UMTOKIHIB
i pakTopis pocty [52].

BpaxoBytoun HasBaHi BigMiHHOCTI MCK, o ogep-
XaHi 3 pi3HWX Kepen, BUHUKaOTb MUTaHHSA Npo Te,
HacKinbku Ui KNiTMHW BionoriYHO eKBiBaneHTHI Ta uM €
Ui BiAMIHHOCTI HacnigKkoM pi3HUX GIOMOTiYHMX (hyHKLN
MCK y BignoBigHux TkaHuHax [55]. leTeporeHHicTb
MCK Bun3HauaeTbecst 6eanivyto dakTopiB, BKMHOYAKYUM
[OHOPIB i fkepena TKaHWH, KNITMHHUX NONynsLii, yMoBY
KYNbTUBYBaHHS, METOAW BUAINEHHS KNiTWH, NPOTOKOU
KpiozaxucTy Ta BiaTaBaHHS Towwo [56]. Tomy MixHa-
poaHe ToBapUCTBO kiTuHHOI Tepanii (ISCT, BaHkysep,
Kanapa) 0cobnmBo Haronocuno Ha HeBiAnoBiQHOCTI
reteporenHoi nonynauii MCK B opraHismi yitkum kpu-
Tepisim cTOBOYPOBOCTI, 3anNponoHyBano Ans HX BinbLu
«0BEpEXHWA» TEPMIH — MYTETUNOTEHTHI Me3eHXiMarbHi
cTpomMarnbHi knituHm (MMCK) [1]. Kputepii ISCT dhaktnu-
Ho onucytoTb MCK sik reTeporeHHy, HEKMoHarbHy CyMiLu
MYIBTUNOTEHTHUX CTOBOYPOBMX KIITWH, KOMITOBaHMX
KNiTUH-NONepeaHNKIB i AudepeHUinoBaHnX KNiTUH
[57,58]. ®eHoTMNK Ta noTeHuiany AnugepeHLitoBaHHs
CTOBOYPOBWX KIMITUH BU3HAYaIOTLCA Takox Mpodinamm
eKkcnpecii iXHix rexis [39].
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Ta6nuus 1. Mepenik TunoBux rexis ctoBbyposocti MCK (3a gaHumu T. Zhou et al. [56])

Agpenizrypa

HMGB1 High Mobility Group Box 1

KLF2 Kriippel-like Factor 2

MCM2 Minichromosome maintenance marker 2
CCNA2 Cyclin A2

PCNA Proliferating cell nuclear antigen
POLA1 DNA Polymerase Alpha 1

POLD1 DNA Polymerase Delta 1

RFC4 Replication factor C subunit 4
MAD2L1 Mitotic arrest-deficient 2 like 1

CDK1 Cyclin-Dependent Kinase 1

CCNB1 Cyclin B1

CDC45 Cell Division Cycle 45

TUBA1B Tubulin Alpha 1b

E2F1 E2F Transcription Factor 1

BIRC5 Baculoviral IAP Repeat Containing 5
BLM Bloom syndrome, RecQ helicase-like
ITGAV Integrin Subunit Alpha V

Baaemogie 3 SDF-1 i CXCR4; HeobxigHwit Ans BiGHOBNEHHS! TKAHWUH

Mocuntoe nponicpepavito MCK; HeobxigHwit Ans nigTpumky cToBOYPOBOCTI

HeobxigHuit ans noginy knituH i pennikauii AHK
Peryntoe KniTWHHWA LmnKn

Orasaam

PekpyTye Ta yTpumye 6arato doepmeHTiB, HeobxigHWx Ans pennikauii, BigHoneHHs AHK

HeobxiaHui ans pennikauii JHK
HeobxiaHui ans pennikauii JHK
HeobxiaHui ans pennikauii JHK
KoHTpontoe miTo3

KatanitnyHa cyboanHuus npoTeiHKiHa3HOTo KOMMIIEKCY, WO iHAYKYE BCTYN KMITUHW B MiTO3

Ekcnpecyetbes 3nebinbLuoro B dasi G2/M noginy KnituH
Baxnueuin KOMNOHEHT pennikavii

Bepe yyacTb y MiTo3i, pyci KniTUH, 30kpeMa BHYTPILUHBOKIITUHHOMY PYCi, iHLLMX GioNorivHMX

npouecax
Cnpusie nponicbepaLii abo anonToay y BignosiAb Ha nowwkomkeHHs [AHK
Peryntoe anonTos

36epirae LinicHiCTb reHoMy

HanexwTtb [0 ciMencTBa iHTErpuHiIB, Lo HeobXiaHi Ans aaresii 4o KNITUHHOI NOBEPXHI

Song L. et al. [59] wnsxom nopiBHAHHA Npodhinie ekc-
NPEcii reHiB pisHWX rpyn cToBOYPOBWX KIMIiTUH BUSHAYMIIN
3aranbHWA Ny reHis, WO abo € Ans LmX KNiTMH Mapkepa-
MM CaMOOHOBIEHHS, 260 NiATPUMYIOTb He3adikcoBaHWI
cTaH croBbypoBux kniTuH [59]. AndepeHuitoBaHHsa Ta
[eavdepeHLiioBaHHs 3anyckanucs npy gogasaHHi abo
BUAaneHHi akTopis iHAYKLii. 3-NOMiX YCiX reHiB aBToOpM
pO3pi3HANW ABi rpynu: reHn andepeHLiloBaHHs (Manu
MigBULLIEHY eKcnpecito Nif vac AMdepeHLitoBaHHs, ane
3HWKYBaNMW eKCnpecito nig Yac aeavdepeHLitoBaHHs)
Ta reHu cToBOYPOBOCTI (MpurHivyBanucs nig yac au-
depeHuitoBaHHs, ane niasuLlyBanucs nig vyac gegu-
depeHuitoBanHs) [59]. OeandepeHuinoBaHi KniTHM
nokasanv npodinib ekcrnpecii reHis, nogibHN 4o npodinto
HeaudepeHuinosannx MCK, 1 obuasi rpynm kniTwH Big-
PisHANNCS Bif AMGEPEHUINOBaHMX KIITUH, SK NoKa3as
aHanis 3a gonomoroto polymerase chain reaction (PCA).
laeHTUiKyBanu Taki reHu, Lo BUCOKO EKCMpecyoThbes
B HeaudepeHuinoaHux MCK: BiMeHTUH, hakTop pocty
CMOMyYHOT TKaHWHK, korareH Tuny lal Ta dakTop enow-
rauji TpaHcnsAuii eykapiotis 1a1. Y HegudepeHuinoBaHUx
KniTMHax 3Ha4yHo ekcnpecytoTbes Takox PTPRF, AFAP i
RAB3B, FZD7, DKK3, Lo Cnpusie BUWMBaHHIO KiTUH 6e3
3MiHM KNiTUHHOI Nponidepalii [59].

Ekcnpecis reHiB cToBOYpOBOCTi MOXIMBA | B Heau-
depeHuiioBaHmx, i B aeandepeHuinoaHnx MCK [56].
BusiBunu, wWwo Ui cunbHO NoB’A3aHi 3i CTOBOYPOBICTHO
reHHi knactepu B MCK 3pebinbLuoro 6epytb yyacTb y
nponicbepauii, AndepeHuiavii Ta mirpauii (mabn. 1) [56].

Ekcnpecis Takux renis ctosbyposocri, sik Kif-4, Oct-
4, Nanog nos’si3aHa 3 NiATPUMKOK CaMOBIJHOBMEHHS
Ta 3aaTHICTIO A0 MynbTuandepeHuiali. fi BuaHaumnm
B MCK pi3HOro noxomkeHHs, L0 MiATBEPIKYE BENUKUNA
noTeHwian umx KNiTWH y pereHepadii TkaHuH [60]. Sox2
pasom i3 Oct4 i Nanog — ofHi 3 KIHOYOBKX perynsTopis
TpaHCKpUNLii NIOPUNOTEHTHUX CTOBOYPOBMX KMIiTWH,
BiAirpaloTb BaXMBY pOrib Y Me30AepMarbHii Ta ek-
ToaepManbHi audepeHuiauii nig yac emopioHanbLHoro
po3suTky [30]. ixHs porb He 0BMeXyeTbCA emBpioreHe-
30M, Lii reHu Takox HeoOXxiaHi Anst HanexHoT nponidepauii
Ta gudpepeHuiaLlii fopocnux CTOBOYpOBUX KNITUH, SIK-OT

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

MCK [30]. Y koHTekcTi MCK Sox2 yacto HasuBawTb
«bakTopoM [oni» CTOBOYpPOBMX KMITWH, OCKIMbKW BiH €
Tpurepom niaeuLLEeHHs abo 3HWKeHHs perynauii B cragii
agmnoreHHoi abo ocTeoreHHoT andepeHuijauii knituH [30].

Song L. at al. geTansHO onMCyOTb OAMH i3 rpynu
reHiB andbepeHuitoanHs IL1R2 [59]. BiH 6epe yyacTb y
HaraTbox curHansHux wisixax (NF-kB, p38 MAPK, PPAR
Ta IL-6), ie sk peuenTop-npuMaHka, Lo iHribye akts-
Hictb IL1A, IL1B, IL1R2, moxe iHakTuByBaT MAP2K3,
aKTUBHICTb kiHa3n p38 MAPK, a ocTaHHi, CBOE Yeproto,
MPUrHiYyIOTb NPOAYKLiO LMTOKIHIB Ta anonTo3 [59]. BiH
TaKOX MOXe 3HWXYBaTU TPaHCKPUMUIAHY aKTMBHICTb
NF-kB, wo npusBoaunTb 00 3HWKEHHS piBHA IL-6. Ekc-
npecist IL-6 3meHLWyeTbCa Nig Yac audepeHLitoBaHHS,
nigTBepXxyoum, wWwo onocepeakosaHa IL1R2 nepepaya
cvrHanis NF-kB moxe ByTu BUpiLLansHUM perynsitopHum
LUNAXOM AndepeHLitoBaHHS CTOBOYPOBUX KNiTUH [59].
3ananbHuii xemokiH IL-8 moxe cnpusti mirpauii MCK
y MicUsl YLIKOZKEHHS, CTUMYMNIOBATK CEKpeLito Takmx
pereHepaTuBHUX (hakTopiB, K PhakTop poCTy EHAOTENIIO
cyovH (VEGF) [57].

Kpim Kinbkox reHis, yHKUiT SKkuX He BinoOMi, pyHK-
LjioHanbHa HanexHicTb BinMbLUOCTi reHiB BigoMa: Xemo-
artpaktaHTn (CXCL12, CXCR4), chaktopy TpaHCKpunLii
(TWIST) [61], renn, noe’a3aHi 3 imyHomoaynsuieto Ta
3ananeHHsm (IDO1, COX2, PDL1, TGFB1, IL6, IL10,
IL12A, TLR2, TLR3, TLR4, TLR7 i TLR9) [16,61], mo-
nekynu agresii (ICAD, V), noB’s3aHi 3 aHrioreHe3oM i
HevipopereHepauieto (HGF, BDNF, TUBB3, VEGFA) [61],
reHu, Wwo 6epyTb y4acTb y POCTi, BUXMBAHHI Ta CTapiHHi
knituH (AXL, TNFRSF10D), nntopunoteHtHocTi (NANOG,
OCT4 n SOX2) [30,61,62], po3sutky (NUMB, JAG1) Ta
nepenasaHHi curHanis (PTPRF, FZD7, ICAM1) [59].

PeuenTop TpombouuTapHoro haktopa pocTy anbda
(PDGFRa) — ocHoBHuin Mapkep MCK y KicTKOBOMY MO3KY,
SKUIA Takox Gepe y4acTb y pemMoaentoBaHHi Cromy4Hol
TkaHuHu [2,30]. Exkcnpecis PDGFRa kpuTiHO Baxnvea
ANs po3BWTKY Mrioaa, Ta Benuka kinbkicte PDGFRa-no-
3UTUBHWX KIITWH, LLIO LIMPKYITIOIOTb, 3MEHLLYETHCS Bigpasy
nicna HapogkeHHs. Hokayt PDGFRa npussoguth [0
embpioHanbHOi netanbHocTi B Muwen [2]. MCK, wo
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LIMPKYMIOOTb, PIAKO BUSIBNSIKOTb Y KPOBOHOCHIN CUCTEMI
[L0pOCIX, ane ix PEECTPyHOTb Y MYMOBUHHIi KPOBI, @ OTXe
umpkyntotodi MCK / ctpomanbHi KniTvHM nnoga MatoTb
remaTtoreHHe NoXomKEeHHS [2], xapakTepuayTbes BUCO-
KM MOTEHLianom aAndepeHLitoBaHHS B Me3eHXiManbHUX
KroHax (agunoumTi, OCTEOLMTI Ta XOHAPOLMTK) [2].

PW1 3i cninbHoto excripecieto PDGFRa xapakTepHi
Ans MiOreHHUX KNiTWH-NonepeaHuKiB, iHAyKOBaHWUX Ans
agunoreHHoi andpeperuiauii [30]. PW1 Bigirpae gono-
MiXHY porib y romeocTasi Ta pereHepauii TKaHWH, Xo4a
iXHS ponb Yy pereHepauii TKaHWH 3MiHHa, 3anexuTb Bif
AKTUBHOCTI CTOBOYPOBWX KIITUH / KNITUH-NONEPEeaHUKIB,
LLO MICTATLCS B Ui TkaHWHI [30]. PW1-no3nTueHi eHgo-
TenianbHi KNITMHWM MaloTb NigBMLLEHY 3AaTHICTb 40 Nponi-
depalii, pereHepadlii Ta opraHiauii KPOBOHOCHUX CyAWH
[30]. Excnpecisa PW1 Takox nos’a3aHa 3 andepeHuiaLlieto
KMiTMH BonocsiHoro doonikyna in vivo [30]. JocnigkeHHs
BnnmBy PW1 Ha noTeHuian gudepeHuiadii MCK noka-
3as0, Lo cepueBi knitnHn PW1+ MOXyTb BNMBaTh Ha
Me3eHxiMarbHy audepeHLiaLliio Ta yTBOpPBaTU YACHEHHI
CEepLEBO-CYaANHHI, Me3eHximanbHi ninii [30].

MCK, wo ekcnpecytotb TLR2, TLR3, TLR4, TLR7 i
TLR9, po3nisHatoTb MONEKYNU MOLUKOMKEHUX KITITUH, €
MEPLLOIO TiHIE CUCTEMM IMYHHOTO 3axucTy. AKTuBaLis
reHiB TLR moxe fogaTkoBo CTUMYMoBaTH iMyHHi KIiTUHM
Ta MCK. AktnsosaHi MCK pearytoTb Ha niraHavn TLR i Bu-
BiNbHAKTb NpOTU3anasbHi haktopy. PisHi Tvnm akTusauii
TLR (TLR3 abo TLR4) MmoxyTb iHAyKyBaTt i npo3anarbHui,
i npoTusanansHuii heHotnn MCK. Hanpuiknag, aktusaLis
TLR3 iHgykye npotusanansHui dpeHotun MCK (sigomui sik
¢eHotvin MCK2), a aktvsauist TLR4 iHpoykye npo3anansHui
¢heHoTun (Bigomui sik cheHotun MCK1) [16].

¢c-Myc (CD117) — dpakTop, Lo NoB’si3aHui i3 nporni-
dhepaulieto Ta MeTaboriamom kniTuH. HagmipHa excnpecist
reHa, Lo kogye c-Myc, Npr3BoauTb 10 HEKOHTPOMNBOBAHO!
KniTHHOI Nponicbepadii Ta TymoporeHe3y [30].

Ren J. et al. nopiHsinm ctoBOYpOBi KNiTUHYM KICTKOBOTO
MO3KY, LLO KyNbTWBOBaHI B CEPEOOBULLi 3 AOAABAHHAM
HPGF-C18 (human platelet growth factor C-18) Ta FBS
(fetal bovine serum). Haitbinblu pastodi BigMiHHOCTI B
eKcnpecii reHiB Bynu y LWnsixax, NoB'a3aHuX i3 nponidepa-
Ljieto KNiTUH, MeTaboniamom, curHansHUM Lunsaxom MAPK,
curHaneHuM wnsixom TGF-B Ta knituHHOO agresieto [63].
ABTOpM BUSIBUNK, LLO CTOBOYPOBI KNiTWHYW, BUPOLLEHI 3
HPGF-C18iFBS, ogHakoBo npurHidysanu nponidepadiio
nimcpouwTis. MNoTiM OLIHXM EKCTPECiIo reHiB, Lo 6epyTb
yyacTb B iMyHomoaynsiLii, BukopucToBytoun RT-qPCR.
Bussunu, wo ekcnpecis 6araTbox reHis, BKNOYaK4u
CXCL12 (SDF1), IGF1, IL6, IL10, RUNX2, cyTTeBO He
BigpisHsnacs [63]. Brim, pieHi 6inkis SDF1, IL6, TGFB1 i
VEGFA y kynbTypanbHOMy CynepHaTaHTi 3Ha4HO Bigpi3-
HSNMCS Bif TakuX y CTOBOYPOBUX KIMIiTUH, LIO KYNbTUBY-
totbest 3 HPGF-C18i FBS. CtoBbypoBi KniTUHM KICTKOBOTO
MO3Ky, Lo KyneTuBytoTbes 3 HPGF-C18, ekcnpecytotb
HUKYI piBHI TaKMX MOMEKYN KNiTUHHOI aaresii, ik LAMAS,
COL4A4, ITGA8, COL4A2, LAMB2, COL11A2, THBS3,
LAMC1 ta ITGAS8, a TakoX BUCOKWIA PiBEHb NOB’A3aHOIO 3
pyxnugicTio reHa MMP1 [63]. BusiBunu Takox pisHuLto 3a
€KCTPECIE0 reHiB, L0 Hanexarb A0 LUNsXiB MeTaboniamy,
nopieHsiHO 3 FBS, HPGF-C18 mae Buwi koHUeHTpauii
NENTUHY, aaUNOHEKTUHY 1 iMyHHKX BinkiB, sik-oT EGF,
MIP-1, PDGF-BB ta CCL1 [63].
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HWHI LLMPOKO BUKOPUCTOBYHOTE FEHETUYHI MoAMdDiKaLLi
MCK ans nokpalleHHs pesynbTaris nikyBaHHs cToBOypo-
BUMU KniTuHamu. MCK MoxyTb ByTW LWBMAKO PO3MHO-
XeHi, TeHETWYHO TPaHCOYKOBaHI BipYCHUMK BEKTOpaMu
(apeHoBipycamu, peTpoBipycamu, Xennep-3anexHumu
aleHOBIPYCHVUMW Ta NEHTUBIPYCHUMM BeKTOpamu) [64,65]
ab0 TpaHcdikoBaHi HEBIPYCHUMM BEKTOPaMU (HEOPraHiy-
HUMW HaHOMaTepianamm, kaTioHHUMK nenTugamu). Kpim
Toro, MCK moxyTb GyT reHeTM4HO TpaHCOpMOBaHi
3a JOMOMOTO MIKPO- Ta HaHOIH EKL, enekTponopalvii,
mikponopadii Ta Hykneodexkuii [66,67]. EdekTuBHiCTb
TPaHCAYKUii 3anexuTb Bif KNiTUH-MiLeHeN i BipyCHUX
BEKTOpIB. BipyCHi BEKTOpM MatoTb BUCOKY €(hEKTUBHICTb
TpaHcayKuii Ta iHdekuinHocTi [66,68]. Cuctema kopoTkmx
naniHapOMHUX MOBTOPIB i3 pPerynspHUMK iHTepBanamm
(CRISPR)-Cas — npoctuit Ta epeKTUBHWIA IHCTPYMEHT
FEHHOI iHXeHepii, WO NPOTECTOBAHUA Y KNiHIYHUX BU-
npobyBaHHsx [2,67,69]. Y LbOMYy KOHTEKCTi 3'saBunmcs
nepLui JoKasW ycniwHoro N eheKTUBHOMO YNpaBriHHsA
cekpetomom MCK 3a fonomoroto TeXHororii pefjaryBaHHs
reHomy CRISPR/Cas [2].

JocnigxeHHs in vitro nokasanu, WO eKkcnpecis
iHTepdepoHy-6eta (IFN-B) y MCK, TpaHcdikoBaHWx
afeHOBIPYCOM, MOXe ePeKT1BHO BOMBATU KIITUHM rNiOMU
[2]. Y mogeni meTacTasis paky npoctatu B nereHi MCK,
wo ekcnpecytoTb IFN-B, MoxyTb npogoBxysaTh nepios
BWKMBAHHS. MOXNMBUIA MeXaHi3M nonsrae B TOMY, L0
IFN-B Moxe cnpuraTv anonTo3y NyXAMHHWX KIITUH, iHriby-
BaTW aHrioreHes i NigBULLYBaTW aKTUBHICTb NMPUPOOHKX
KnituH-kinepie [2]. AHanoriyHo, MCK, TpaHcdikoBaHi
afieHOBIPYCOM, LLO ekcnpecytoTb iHTepdepoH-y (IFN-y),
iHribytoTb Nponicpepaljto Ta iHayKyTb anonTo3 y Nenkos-
HWX KNiTUHAX in vitro [2]. BTim, noka3aHo TakoxX: reHEeTUYHO
moamdikoeaHi MCK, o ekcripecytots IL-12, 3anobiratotb
MeTacTasyBaHHK Ta MOCUMIOTL anonTo3 NyXIUHHWX
KIMITUH y MULLIEV 3 YXe BUSIBNEHUMI MeTacTasaMu Mena-
HOMMW, MyXIIMH MOMIOYHOIT 3aM03K Ta renaTtomu [2].

CXCR4 — xemokiHoBMI peLienTop 3 352 aMiHOKWC-
notamu, wWwo 3B's3yeTbes 3 SDF-1 (stromal cell-derived
factor 1) [67]. CXCR4 mae TpaHcMeMOpaHHyY CTpYKTYpy 3
CiMoMa NponboTamMy, Bigirpae KIko4oBY Porb NPy AEAKNX
3aXBOPHOBaHHSIX, BKMovatoum cuHapom WHIM (Warts,
Hypogammaglobulinemia, Infections, and Myelokathexis)
[67]. B3aemogist SDF-1 i CXCR4 opraHisoBye LuBuaKy
peBackynsapu3aLiio iLemMi3oBaHUX TKaHWH, WO Mae BU-
pilansHe 3HaYeHHs ANns BigHOBMNEHHS (OyHKUii opraHiB
[57,67]. SDF-1 akTUBYyeTbCA B MiCLSX MOLIKOKEHb,
€ e(hEKTUBHNM XEMOATPAKTAHTOM A5 PEKPYTYBAHHS
KNiTUH, WO LMPKYNIOKTb ab0 3HaXOAATLCSH B HbOMY,
ekcnpecytoTb peuentop CXCR4 [67,70]. leHeTnyHa
moaumdikauis MCK gnsa HagmipHoi ekcnpecii CXCR4 ou-
KOO TWUMY € NEPCMEKTUBHUM NiAXOAO0M ANS NOMINLEHHS!
IXHBOrO XOyMiHry A0 MicLb iLLemii Sk in vitro, Tak i nig Yac
JOKMiHIYHMX gocnimpkeHb [57,67].

[JocnigHnkm BUKOPUCTOBYBaNM Pi3Hi METOAM BipYCHOI
TpaHcayKuii abo TMMYacoBi MeToaM Ans Hagekcnpecii
CXCR4 y cToBbypoBux knitvHax [57,67]. 3aebinbLuoro
BOHM CMOCTepirany 3HayHe NOCUNeHHs: Mirpauii TpaHc-
LYKOBaHUX KNiTUH y Hanpsmi SDF-1 rpapieHTa in vitro
[67]. Ciullo et al. noka3anu, Lo cMCTEMATUYHE BIMBAHHS
€KCTpaBeawKyI, L0 OTPUMaHI 3 KNiTWH i3 HaANMLLKOBO
ekcnpecieto CXCR4, icTOTHO nokpallye KapaionpoTek-
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uito [71]. BusiBuen CXCR4 Ha noBepxHi ek30CoM, LU0
ofiepxaHi 3 reHeTUYHO MoAMDIKOBAHMX KMITWH, aBTOpK
BMPOBaZMIIN MOHATTS MPO MirpaLito Ans KNiTMHHUX no-
XigHuX Ha ocHoBi oci SDF-1/CXCR472 [67,71].

MCK i3 rinepexcnpecieto bFGF abo caktopa pocty
TpombouwuTie-BB (PDGF-BB) ctumynitotote nponichepa-
uito MCK Ta octeoreHes. MokpalueHHst BuxvBaHHs MCK
MoxnuBe B pasi Hagekcnpecii PI3K, SDF1, CXCR4, HGF
T1a IGF. MpoTusananeHi reHn HGF, IDO, Foxp3 Ta IL-10
TaKoX NoninLuytoTb TepanesTuyHy edpektrsHicTs MCK, a
MCK, Lo TpaHcikoaHi Bcl-2, nokasanu, kpim xopoLuoro
BVDKVBAHHS KNiTWH, KpaLLy Pe3VCTEHTHICTb O anonTosy
1 Bucoky cekpedito VEGF [2].

OTxe, He3BaXauM Ha BEMUKY KiNbKiCTb BUKOHAHNX
LOCTIKEHb | OTPUMAHUX [@HNX, CyYacHi YSIBMEHHS nMpo
cToBOYPOBI KNiTUHK, # NepeadyciM MeseHxiMarbHi, Bu-
KnukarTb Binblue nuTaHb, Hix AaloTb Bignosigew [72].
CnogiBaHHs OTpUMaTK «4apiBHY Nanuuky» Ans nikysaH-
HS BCiX XBOPOD MOCTYNOBO CMPUYMHUMO PO3POBNEHHS
HaA3BMYaHO CKNaZHOro HanpsiMy — pereHepaTopHoi
MeOULIMHW, LLI0 Ma€E CBOI JOCArHEHHS Ta HeBaadi. Benukun
obcsr iHdopmaLii 3 Liei ranysi, 4acTo Hey3roKeHicTb,
CynepeynuBICTb JaHuX i iX TpakTyBaHHS noTpebyoTb
cucTemarmaalii Ta paHXXyBaHHS, WO MatoTb 6asyBaTucs
Ha NEBHKX KpUTepisix. [ns LbOoro AoLin5HO BUKOpUCTaTU
LieHTpanbHy AOrMy MorekynspHoi Gionorii, wo cdop-
myneoBaHa F. Crick y 1970 poui [73]. BoHa noctynioe,
Lo yHiBepcanbHUM MexaHi3MOM peanisauii cnagkoBoi
iHpopmauii € wnsx Big AHK go PHK i notim Ginka. KiHue-
BUI pe3ynbraT — NeBHWUIA PeHOTMN | BNaCTUBOCTI KINITWH,
CUCTEM, LLIO BOHW YTBOPHOKOTb.

Tomy 6a30BO TE3010 Nif Yac BU3HAYEHHS BnacTu-
Bocteit MCK mae 6yTu Te, Lo BOHW, K | BCi iHLLI KMITUHK
opraHiamy, € pesynsraTom peanisaLii reHeTUYHOI iHGhop-
mauii. BTim, gesiki KNiTUHW Ha pi3HWX eTanax rictoreHesy
BUXOZSATb 3 LibOr0 MPOLECY, 3YNUHAETLCA NPOrPECMBHA
3MiHa iIXHbOTO reHoMy (aKTuBaLlisl OOHWX reHiB i Broky-
BaHHS iHLWKX), XapaKTepHa ANs NpoLecy KOMITyBaHHS /
andepeHuitoBaHHs. Taki KNiTMHW pe3naeHTHO 30epira-
I0TbCS B TKAHWHAX, iX BU3HAYatoTb sik CTOBOYpPOBI. BoHM
nepebyBaloTb Yy CTaHi NMACTUYHOrO CMOKOH, a iXHIN
rEHOM He 3a3Ha€ 3MiH, SiKi CPUYUHUNKM 6 KOMITYBaHHS
Ta AndpepeHLitoBaHHs. Pa3om i3 Tum, Ui KNiTMHW MaloTb
neBHY (OYHKLOHaNbHY aKTWBHICTb, WO BUSBMAIOTL 3a
NPOAYKLiEt0 Pi3HMX BIOMOMYHO aKTUBHUX PEYOBWH [74].
JloriyHo BBaXkaTH, WO KNITUHK, SKi BUXOAATb i3 npoLecy
ricToreHesy Ha pisHuX cTagisix, MaTUMyTb Pi3Hi reHETUYHI
naHawadTH, iMyHoEHOTUNK, CEKPETOPHI Ta NNacTUYHiI
BacTuBoCTi [75].

BBaxatoTb, LU0 3@ YyMOB (i3i0NoriYHOr0 3MEHLLIEHHS
KiNbKOCTI KMITUH Y TKaHUHi a0 B pasi yLLKOMKeHHs Bindy-
BaeTbes akTuBaLis MCK, i B ocTaHHbOMY BUNaAKy BOHa €
BUOyxoBot0. OcoBrMBO BaXMBO HArONOCUTH: 3a NPUPOA-
HUX YMOB Y MtoauHu akTueauis MCK npu noLuKomkeHHsX
NPU3BOAMTL A0 peanisaLlii NnacTUyHOI PyHKLi, LLO BUSIB-
NSK0Tb 32 LUBWAKAM YTBOPEHHSIM CMIONYYHOTKaHWHHOTO py-
6us1. BignosiaHo, 0CHOBHMIA HanpsaM AudepeHL;jtoBaHHS
MCK — chibpobnactnunwii [76,77]. OgHak Taki Hacnigku
4acTo BCTYNatoTb Y KOHMIKT i3 Winmo nikyBaHHA, Konu
CTaBUTLCS 3aBOaHHS He YyTBOPEHHS pybLis, a BigHOBIEH-
Hsl TapeHXiMM opraHa Ta ioro yHkuji. [1ns uboro noTpid-
HO 3MEHLUWUTN HAAMIPHWIA PO3BUTOK CMOMYYHOI TKaHUHM

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

Orasaam

(Hanpwknag, pereHepalisi M'siza 6e3 rpy6oro py6us, Lo
CTaHe NepPELLKOZOH0 NS M0ro NOBHOLHHOMO CKOPOUEHHS;
YpaxeHHs1 04epeBUHI 6e3 YTBOPEHHS Cnaiiok) i nocunmTy
pereHepaLito napexximu. Y LboMy acnekTi Takox Tpeba
nam’atat npo 6esnepeyHy ponb MCK y natonorivHmnx
ABMLLAX, SIK-0T ¢hibpoa3i, ckneposi [78,79].

BucHoBKHM

1. [Ins oTpuMaHHs BaxaHoro pesynsTary Bif BUKOpU-
craHHs MCK y meguumHi HeobxigHo BpaxoByBaTty 6arato
¢aktopis. OgHak BiZOMOCTI OO LbOro MUTAHHS Lie
(oparmeHTapHi, YacTo HeogHo3HauHi. Kpim Toro, HaBiTb
BpaxyBaHHs! BifoMUX (HaKTOpiB y pi3HMX KOMOGIHALisX €
CKNMagHUM 3aBAaHHAM nig yac meHemkmeHTy MCK. Lle
CTOCYeThCS | 3abe3neyeHHs penapaTuBHIX NPOLECIB, i
HEeraTuBHMX SBULL (NOBIYHMX edhekTiB, yCKNaaHEHb), WO
BUHMKAIOTB Mifg Yac 3actocyBaHHs MCK.

2. 3Baxaroum Ha 6e3yMOBHUI NPIOPUTET FrEHETUYHIX
i MonekynspHux gocnimpkeHs MCK, akTyanbHiM 3anuwa-
€TbCA N eMNIPUYHWIA MeToL SOCNIMKEHHS NAACTUYHKX i
hisionoriyHnx Bnactusoctert MCK. BiH moxe He Tinbku
CTBOPIOBATU MiArPYHTS ANst PO3POONEHHST HOBITHIX Me-
TodiB NikyBaHHA, ane 1 BU3Ha4YaTW HanpPsMK MOLUYKIB Y
FEHETUYHWX | MONEKYNAPHUX AOCTIMKEHHSAX.
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The aim — systematization of data from modern scientific sources and own knowledge and experience regarding the prob-
lems, advantages and prospects of the development of various methods of diagnosing pathological conditions of the cervix.

The relevance of the problem of cervical cancer is beyond doubt, which is confirmed by the annual data of the official statistics
and recommendations of WHO, European experts and relevant national recommendations. The analysis and generalization
of information from the specialized literature regarding the assessment of problems and prospects for the development of
leading methods of cervical screening in order to reduce the number of cervical cancer cases in the world is a priority task
of the expert society.

Currently, the most recommended approach to cervical screening is to combine HPV testing with cytology but separate testing
for HPV is the most promising. Colposcopy remains the only confirmatory method of diagnosing cervical pathology, subject to
mandatory cervical biopsy and histopathological examination of the biopsy. Standardization of classifications and terminology
in the assessment of cytological, histopathological and colposcopic conclusions will allow to reach an understanding in the
issues of optimal management tactics for patients with cervical pathology.

Conclusions. Diagnosis of high-risk carcinogenic types of human papillomavirus is the most promising method of cervical
screening in the near future. At the same time, at the moment, we consider it appropriate to use the cytology together with
HPV testing, at least as a sorting method. Standardization of cytological/histopathological terminology should be done in
accordance with the Bethesda 2014 system update.

CyuacHi niaxoau A0 CKPUHIHTY paKy WWUKKU MaTKK (OFASIA AiTepaTypH)

M. I. MaBAtoueHKo, 10. fl. KpyTb, B. I. Cioctoka, 0. B. AelHiueHko

MeTa po60TH — cucTemaTm3aLisi BigoMOCTEN Cy4acHNX HayKOBUX [KEPEN, BMACHWX 3HaHb i JOCBIaY LWoao npobnem, nepesar
i NepcneKkT1B PO3BUTKY Pi3HUX METOAIB AiarHOCTWKM NATONOMYHNX CTaHIB LUK MaTKu.

AKTyanbHICTb Npobrnemm paky WWIRKN MaTK He BUKIKAE CYMHIBIB, LLO NiATBEPIKYETLCA LLOPIYHMM SaHUMM OiLiAHOT cTa-
TMCTUKM Ta pekomeHgauismm BOO3, eBponencebkyx eKCrepTiB i BinoBigHVMM HaLioHanbHUMK pekomeHaauismu. MpioputeTHe
3aB[aHHs eKCNEPTHOMO TOBApUCTBA — aHani3 Ta y3aranbHeHHs BiZOMOCTelN (haxoBoi NitepaTypy LWoao npobnem i nepcnekTms
PO3BUTKY NPOBIAHUX METOAIB LIEPBIKANBHOMO CKPUHIHIY AN 3HWKEHHS KiNlbKOCTi BUNAAKIB paKy LUKMAKA MaTKW Yy CBITi.

HuHi nig Yac LepBikanbHOro CKPUHIHTY HaRYacTiLLe PEKOMEHAYIOTb MOEAHAHHS TECTYBaHHS Ha Bipyc naninomu nogvHmy (BMJ1)
i3 LMTOMNOrYHUM METOAOM JOCTIDKEHHS], @ HANGINBLL NEPCNEKTUBHUM BBaXatoTb OKpeMe TeCTyBaHHs Ha BIJ1. €anHuni Biporia-
HUIN METOZ AiarHOCTUKN NATOMNOTT LUMAKW MaTKM — KOMNbNOCKOMist 32 yMOBW 0O0B’13KOBOrO BUKOHAHHS LiepBikarnbHoi Bioncii Ta
naToricTonoriYHoro gocnimxeHHs diontara. CtaHgapTu3aaLis knacvdikalii, TepMiHONOrii Nig Yac OUHIOBAHHS LIMTOMONIYHUX,
NaToriCTONOrYHMX ¥ KOMbMOCKONIYHMX BUCHOBKIB AACTb 3MOry [OCSAITW KOHCEHCYCY LIOAO0 ONTUMAIbHOI TaKTUKWM BEAEHHS
NaLEHTOK i3 NaTONOriEl0 LMK MaTKW.

BucHoBku. [liarHocTuka BUCOKOKaHLEeporeHHux Tunie BIJT — HanbinbLw nepcnekTBHUIA METOA LiepBiKaribHOTO CKPUHIHTY B
Hanbnmk4omy MandyTHLOMY. BTiM, LOLINBHUM BBaXAKTb BUKOPUCTAHHS LIUTOMONYHOTO AOCTILKEHHS PA30M i3 TECTYBAHHSIM
Ha BI/1, npuHaiimHi sk MeTog copTyBaHHs. CTaHZapTU3aLlito LMTONOriYHOI / ricTonaTonoriYHoi TepmiHonorii cnig saiicHoBaTy
BIAMNOBIAHO 4O pekoMeHaaLin TepMiHonoriyHoi cuctemmn betecaa (2014).

In 2020, the WHO approved the Global Strategy to
accelerate the elimination of cervical cancer, which sets
the ambitious goal of achieving 3 targets — “90-70-90".
They are:

1) a 90 % rate of vaccination against the human
papilloma virus (HPV) in girls under the age of 15 (before
the onset of sexual activity);

2) the availability of at least 70 % of women of re-
productive age to highly effective methods of screening
(diagnosis) of cervical cancer, and finally;

3) the provision of treatment for at least 90 % of
women diagnosed with cervical cancer [1].
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However, despite all the efforts of the expert commu-
nity, strategies for the prevention of cervical cancer, from
our point of view, have acquired a tendency to become
complicated in recent years, and some provisions are
sometimes contradictory. The last most important break-
through in the direction of prevention and diagnosis of
cervical pathology occurred back in the early 1980s after
the discovery of HPV [2]. The vast majority of cases of
cervical cancer are associated with high-risk carcinogenic
HPV types. And a clear trend towards an increase in con-
firmed cases of HPV-positive cervical cancer from 85.9 %
in 1990 to 92.9 % in 2010 [3] is associated primarily with
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the improvement of HPV detection methods. [4]. However,
it should be noted that even now 3-8 % of cases of cer-
vical cancer are classified as HPV-negative, that is, they
refer to clinical cases where the relationship with HPV
has not been proven. [5]. At the same time, a study with
371 biopsy-proven cases of primary cervical cancer found
that 68 % of HPV-negative cervical cancers were in fact
non-cervical cancers. These data imply that the number of
HPV-negative cervical cancers may be overestimated due
to false-negative HPV tests and histological diagnosis [6].

Therefore most scientific research has been, and still
is, focused on HPV-positive cervical cancer. First, on the
issues of vaccination against high-risk carcinogenic types
of HPV infection, as a key method of primary prevention
of cervical cancer. And, secondly, on the implementation
of sensitive for HPV testing in women from risk group
of developing cervical cancer [7]. Despite the proven
effectiveness of both vaccination [8,9] and HPV tests,
the introduction of these methods into practical medicine
remains relatively slow in most countries of the world,
and vaccination rates today vary significantly [10]. Thus,
the level of vaccination against HPV in the USA, despite
being one of the highest in the world, does not reach the
target values of the WHO and remains below 80 % [11].

Undoubtedly, at the moment, vaccination is the most
obvious and vitally important long-term priority in the pre-
vention of cervical cancer. Thus, according to published
data, by 2070, vaccination of girls alone will lead to a
reduction in mortality by 61.7 %, preventing 4.8 million
deaths, and double screening and treatment in addition
to vaccination will lead to a corresponding reduction in
the number of deaths from cervical cancer by 92.3 %,
preventing 14.6 million of deaths [12]. Nevertheless, ac-
cording to the opinion of the expert community, generally
accepted screening diagnostic methods will also remain
important in the coming decades.

Aim

Systematization of data from modern scientific sources
and own knowledge and experience regarding the prob-
lems, advantages and prospects of the development of
various methods of diagnosing pathological conditions
of the cervix.

From our point of view, there are several unam-
biguous and undeniable provisions regarding cervical
screening. First, the definition of cervical screening. In
our opinion, this definition can be formulated as follows.
Cervical screening is a process of regular assessment of
the condition of the cervix in the target group, the purpose
of which is to reduce the total number of cases of cervical
cancer through the early diagnostics of precancerous
pathology by officially recommended methods [13]. Sec-
ondly, there is no doubt that cervical screening, along with
HPV vaccination, is currently the most effective approach
in reduction of cervical cancer incidence [14]. Thirdly, and
this is also a fact, most national guidelines suggest using
3 methods as cervical screening: cytology, cytology in
combination with HPV testing (cotest) or separate HPV
testing [15-17]. It should be noted, however, that to our
knowledge, only the Netherlands and Turkey are the
only European countries that have fully implemented
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national HPV-based cervical cancer screening. Australia
has demonstrated its willingness to be the first country to
eliminate cervical cancer (by 2028-2035), but has not yet
reached the WHO target for participation in HPV screening
(current target — 52 %). It is interesting to note that, for
example, in the USA, separate HPV testing is approved
for only one specific HPV test [17—19], but FDA approval
for other tests is likely to follow. Little prospective compa-
rative data available indicate that the most highly validated
tests that have received or are under FDA approval are
approximately comparable in terms of analytical sensitivity
and predictive risk of subsequent cancer / precancer in a
negative result [20].

This is all that is not disputed. In all other issues,
related to cervical screening, there is some confusion in
the expert community and permanent disputes continue
[21-23]. We believe that a discussion of the relevant
scientific data is a good starting point for solving existing
problems, and accordingly, the following discussion will
help to simplify their solution. Let's try to figure it out.

Many important practical factors influence the organi-
zation of cervical screening. We list the main ones - the
attitude of society to this problem, and, accordingly, the
cost, frequency and availability of cervical screening;
accepted models of laboratory screening (with the pre-
dominant use of cytology) and, finally, the lack of clear
standards in the use of various cytological, colposcopic
and histological terms.

Thus, the factor of attention of the society / country to
the problem of cervical cancer and the attitude of women
themselves to this problem correlate with the incidence of
cervical cancer in these countries [24—26)].

Information about the relevance of the problem of cer-
vical cancer and the possibility of its successful prevention
should be conveyed to the target audience by all available
and effective means. Every woman from prepubertal age
or living in the most remote area should have access to
information about cancer and know what simple but regular
steps she must take to avoid this disease [27,28]. At the
same time, at all levels, there should be an understanding
of the presence of a low, but non-zero level of cancer risk,
even with regular participation in screening programs.
This is the understanding that screening cannot provide
complete (100 %) protection against cervical cancer,
even with frequent unscheduled co-testing (HPV testing
and cytology), even from adolescence, even at the cost of
massive overtreatment[16]. The explanation for this is very
simple: it is, for example, the presence of cases of rapidly
progressive tumors in very young women [29] or deep le-
sions in the cervical canal that elude screening diagnostics.

Discussions are also ongoing regarding the frequency
of screening after both negative and positive results. For
example, there is currently a debate about when the next
scheduled visit after a negative screening should be done
[16,21]. Thus, in the expert community, there is significant
resistance to the 5-year screening interval recommended
for a negative co-test[21]. Atthe same time, the American
Cancer Society (ACS) recommends starting cervical can-
cer screening at the age of 25 and having primary human
papillomavirus testing every 5 years until the age of 65;
and if primary HPV testing is not available, then those
aged 25 to 65 should be screened with co-testing (HPV
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testing combined with cytology) every 5 years or cytology
alone every 3 years [30]. There is an understanding that
the choice of an “ideal” interval between screening visits in
the event of a negative result would lead to a significantly
larger number of identified true precancerous diseases
and, accordingly, to almost no cases of cervical cancer.
However, the reality is that the existing intervals are either
unreasonably short and lead to the detection of very few
true precancerous conditions at screening, or vice versa,
the detection of too many invasive cancers means that
the screening interval is too long [31].

The management of positive screening results is
also unresolved. Although it is widely accepted that posi-
tive HPV testing require triage rather than a universal,
immediate referral for colposcopy with targeted biopsy,
optimal triage methods are not defined and are highly
variable. Theoretically, the ideal response to the pres-
ence of HPV infection without a cytologically confirmed
precancer would be to repeat testing at an interval that
takes into account the possibility of self-elimination of the
most infections, for example, after 2 years. However, in
practice, it is difficult for a woman and her doctor/health
care provider to endure this period, primarily because
of the risk of losing the possibility of observation, and
therefore, at present, retesting after about 1 year is most
often recommended [16,32]. In this case, possible sorting
methods can include both cytology [17,23,33,34], and im-
munocytochemical dual stain cytology, which can assess
as positive or negative (p16 / Ki-67 dual staining) [35], and
HPV genotyping in various configurations [16,17,36], and
other promising new technologies, including an automat-
ed cytological method that be programmed to provide a
severity score (presented by Schiffman et al. at the 30th
International HPV Conference in 2015). Studies of the
methylation methods that would not require the prepara-
tion of a cytology slide are also of interest [37]. Thus, the
exact balance has yet to be discussed and determined.

There is another problem. Itis generally accepted that
the main goal of cervical cancer screening programs is
not to detect invasive cancer, but to perform its second-
ary preventation by detecting and treating precancerous
conditions. It is, therefore, important to understand how
objective the laboratory data are that we receive as a
result of cervical screening. Taking this aspect in consid-
eration, it is important to use common terminology when
obtaining survey results. We advocate the definition that
precancer is a subset of high-grade intraepithelial lesions
of HSIL which describe pathological conditions capable
of progressing to invasive cancer if left untreated [38,39].

Until now, when assessing the pathology of the cervix,
various terms and categories have been used, which do
not always fully correspond to the currently established
stages of cervical carcinogenesis. According to the most
of the experts, and we fully share this point of view, that
the key stages of cervical carcinogenesis can be consi-
dered simply as a normal cervix, HPV infection of high-risk
carcinogenic types, precancer and cancer. From our point
of view, the simplification and standardization of terms
could contribute to the creation of a unified approach to
the management of patients at the post-screening stage:
the need for re-screening, the timing of the next screening
in case of a negative result, accelerated re-testing for
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high-risk HPV infection, colposcopic targeted biopsy, as
well as the need and amount of treatment. As an example,
one can cite the LAST nomenclature, which recommends
p16 staining to rule out dubious precancerous conditions
(including CIN2) while completely abandoning CIN terms
and older nomenclatures [40,41] or the Bethesda system
[42,43] including terms that are in line to the norm (NILM),
infection (LSIL), precancer (HSIL/AIS), and cancer [43]. As
being strong proponents of the Bethesda system, we can’t
help but note that the most of high-risk infections are often
described as NILM, while the most of histopathological
precancerous conditions are found in women with LSIL
or questionable LSIL (i. e. ASC-US) and not with HSIL.

However even after obtaining a unified terminological
classification, we are forced to admit that at this stage, not
a single screening or diagnostic test is perfect. For exam-
ple, even histological examination, which is considered to
be the reference standard of diagnostics, tends to overdi-
agnose precancerous conditions, due to the lack of clear
criteria for determining which intraepithelial microscopic
anomalies indicate that the lesion will spread, and which
indicate the possibility of regression / self-elimination or
persistence. The impact of replacing the CIN score with
LAST criteria, including p16 testing, to clarify precancer
still needs to be analyzed in detail [44,45]. Similarly, cyto-
logical categories tend to misclassify HPV status and the
ability of the infection to progress to precancer/ cancer. In
this regard, for HPV testing is most effective, as it confirms
the absence of HPV infection, which automatically implies
an extremely low risk of cervical precancer/cancer. At the
same time, positive test results cannot differentiate benign
conditions from precancerous ones, and even more — from
cervical cancer.

That is why we need to understand the strengths
and weaknesses of each method of cervical examination
(cytology, HPV testing, colposcopy, histopathology after
colposcopic biopsy) in order to answer the most important
question: what is the true state of the cervix: normal, HPV
infected, precancerous, or cancer?

Let’s try to evaluate, from the point of view of the
objective data that we have, the key advantages and
disadvantages of each of the main screening methods and
confirmatory methods for diagnosing cervical pathology.

The advantages of cytology are well known, starting
from the period of introduction into practical medicine of
the original Papanicolaou classification. For more than a
hundred years, cytology has transformed from a method
for assessing the likelihood of cervical cancer to one of
the main screening methods for diagnosing all cervical pa-
thology [46]. The active implementation in recent decades
of the methodology of liquid cytology and the Bethesda
system [43] has led to a significant increase in the level
of objectivity of this diagnostic method and simplification /
standardization of the interpretation of cytological findings.
However, the accuracy of cytology at the “lower level” for
detecting high-risk carcinogenic HPV infection remains
very low. Most high-risk infections have concurrent normal
cytologic findings, and many minor cytological abnormal-
ities are caused by low-risk carcinogenic HPV types or
are unrelated to HPV [7].

At the same time, even evaluating the cytological
image as characteristic of the presence of HPV, cytology
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does not allow one to objectively predict the possibility of
progression of the infection to precancer / cancer.

Large randomized controlled trials and observational
studies have shown that HPV-based screening is signifi-
cantly more sensitive for detecting cervical intraepithelial
neoplasia grade 2 or worse (CIN2+) and CIN3+ compared
to cytological screening. A single negative HPV test
provides more confidence in CIN2+ and CIN3+ than a
single normal fluid cytology result, safely allowing longer
screening test intervals. In addition, HPV-based screening
is superior to liquid-based cytology (LBC) for detecting
columnar epithelial lesions (eg, adenocarcinoma in situ)
and for screening older women. Taken together, these
results show that HPV-based screening can prevent
more cervical cancer cases and deaths compared to
cytology-based screening [47,48].

However, a disadvantage of HPV-based screening,
noted by some authors, is its low specificity for detecting
CIN2+, which results in more false positive screenings
compared to cytology-based screening. The main reason
for the lower specificity is that many HPV infections are
transient and these short-term findings are associated
with a low risk of CIN2+ over 5-10 years.

To increase the specificity of HPV screening and
reduce unnecessary colposcopy, various triage strate-
gies have been explored. One of the most commonly
used sorting strategies is again cytology, with atypical
squamous cells of uncertain significance (ASC-US) being
the typical threshold for referral. Other triage strategies
include the use of partial or full HPV genotyping of cervi-
cal specimens, as several studies have demonstrated a
significant difference in CIN2+ risk between genotypes,
with HPV type 16 being associated with the highest risk
of CIN2+ [49].

Namely, predicting the immediate risk and subsequent
outcome of infection is currently a serious problem in cer-
vical screening. Three principles should be emphasized:
the group of carcinogenic HPV types that require man-
datory treatment should be defined as those that cause
invasive cancer, not precancerous conditions (which can
be caused by a much larger group of types). Thus, there
is no clinical reason to test for HPV infections other than
high-risk carcenogenic types [34,50,51]. Secondly, 13
(according to some sources 15) carcinogenic HPV types
(HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and
68), which highly differ in the strength of the carcinogenic
effect: from uniquely strong (HPV 16) to marginal (for
example, HPV 51) [50,52]. And thirdly, different types of
HPV infection act independently of each other, and one
type can remain in the cell while the other has already
been eliminated [7]. It is well known that high-risk types
are genetically related and limited to a few species groups
within the HPV alpha genus. The first acquaintance
with HPV occurs at a very young age with the onset of
sexual activity. Therefore, the emerging HPV infection
of the cervix or the process of reinfection is likely to end
in self-elimination. At the same time, the longer HPV
infection persists (remains detectable using one of the
standard DNA/RNA tests), the greater the likelihood of a
high long-term risk of precancer [7,53]. Lastly, we found
no evidence that individual tracking of carcinogenic types
is clinically useful. The exception is the individual identi-
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fication of the HPV types with the highest carcerogenic
risk, such as HPV 16 and/or HPV 18.

Nevertheless, the definition of HPV infection, even
related to the infection of the highest risk of cervical pre-
cancer, is not the final point of diagnosis. Therefore, it is
colposcopy with targeted biopsy of doubtful / aceto-white
areas that is currently the best diagnostic / confirmatory
method for cervical pathology [54].

We cannot but repeat that this recommendation ap-
plies specifically to colposcopy with targeted biopsy. At
the same time, the issue of using an isolated, exclusively
visual assessment of the cervix as a confirmatory diag-
nostic method remains one of the most controversial in
cervical diagnostics. This is mainly due to two problems
of colposcopy. Firstly, colposcopy remains an extremely
subjective diagnostic method, in which the frequency of
false negative results (missed cases of even squamous
intraepithelial pathology / invasive cancer) ranges from
13 % to 69 % [55,56] and directly depends on the com-
petence of a specialist. Secondly, and we have already
talked about this, in a certain percentage of cases, cervical
pathology is difficult to visualize during colposcopy due to
its small size or localization into the cervical canal.

So, to obtain a clinical diagnosis, we primarily rely on
the histopathological diagnosis obtained after a colpo-
scopically controlled biopsy. Histopathology remains our
reference diagnostic method, yet it is often misclassified
at several levels. The histopathological definition of pre-
cancer is particularly prone to false positive “high grade
lesions” (CIN2 and even CIN3/AIS) [7]. In addition, the
biopsy itself, even obtained under colposcopic targeting,
often leads to underdiagnosis and underestimation of
the prevalence of precancerous cervical lesions [55].
Moreover, the majority of histopathological precancerous
conditions are found in women with LSIL or questionable
LSIL (i. e., ASC-US) and not in women with HSIL.

In any case, histology cannot accurately distinguish a
cervix which is infected by HPV infection from a normal one.

Now let's try, after everything controversial and
contradictory in cervical screening, to state all the most
interesting positions in the interpretation of diagnostic
methods, considering the possibility of their maximum
simplified (for accessibility) standardization.

Thus, there is strong evidence supporting the combi-
nation of LSIL and HPV-positive ASC-US in the aspect of
“cytological evidence of HPV infection” [47]. In general,
ASC-US represents abnormal cytological findings, in most
cases expressing diagnostic uncertainty between NILM
and LSIL. However, this uncertainty can be eliminated
by HPV testing for — NILM with a negative result for the
presence of high carcinogenic risk HPV [58]. If HPV testing
is used instead of cytology to determine infection, the most
useful cytological features are those that allow suggesting
the presence of a true precancer, namely HSIL or the
ambiguous ASC-H [58]. Another complication to keep
in mind is that less than 1 % of women receive a HSIL
cytology result, and, for example, in screening programs
in the United States, it is extremely rare that a cytology
result is classified as invasive cancer [7,58]. Likewise,
Atypical glandular cells (AGC) and Adenocarcinoma in
situ (AIS) results are rarely reported, while remaining
clinically useful.
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Fig. 1. Primary HPV screening and cytology triage followed by colposcopy (Screen, triage and treat approach) [69].

We cannot but recall that, in accordance with cur-
rent recommendations, women with HSIL need urgent
treatment, subject to the obligatory condition of a positive
result for the current infection with high-risk carcinogenic
HPV types [16].

It is in relation to the HPV positive patient manage-
ment tactics that it is assumed that there is a general
uncertainty that needs to be discussed and resolved. For
example, according to the recommendation of the ASCCP,
not all HPV-positive women need to do a colposcopically
controled biopsy [16,59]. Findings from worldwide studies
of invasive species of the cervical cancer, including ade-
nocarcinoma, allow to propose that positive HPV16 and
HPV18 (and possibly HPV45) genotyping results are the
most often indicators for colposcopy and targeted biopsy
for difinition subsequent management tactic [50,52]. At
the same time, the value of ditection of other HPV types,
even from the carcinogenic group, requires further study.
Thus, according to current recommendations in the United
States, women with identified genotypes of the highest
risk (HPV16 and HPV18) directly sent for colposcopy, and
the rest are retested after a year [16], as a rule, using the
method of partial genotyping [60-62].

Maronoris. Tom 20, Ne 1(57), civeHb — kBiTeHb 2023 p.

Thus, there is an urgent need to standardize the con-
duct of such a confirmatory diagnostic method as colpos-
copy. We are confident that clinical practice of colposcopy
without targeted biopsy will continue to lead to missed
cases of precancer / cancer. And this, from our point of
view, is due to the lack of unified indications for referral
for colposcopy. For example, patients with a persistent
HPV-positive status or vice versa HPV-negative with an
ASC-US cytological result. Of course, in these groups there
is a risk of developing cervical precancer, but it is low and its
colposcopic diagnostics can be difficult due to the inability to
visualize it. Besides, to the best of our knowledge, there are
currently no generally accepted recommendations (includ-
ing the FDA) on what to do with women with questionable
colposcopy results, including indications for HPV testing
after colposcopy. To avoid creating an even larger group of
women who are unreasonably referred for colposcopy, itis
necessary to achieve an increase in colposcopic sensitivity,
for example, standardization of colposcopic terminology
and colposcopy techniques through multiple biopsies tar-
geting areas of the acetowhite epithelium or the introduction
of modern, using artificial intelligence models, methods for
assessing the visual image [55,63,64].
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Fig. 2. Management patients with unsatisfactory result of cytology [74].

Nevertheless, there is evidence of the need to obtain
a consistently negative HPV test to return women to the
general screening group [65].

If only HPV-positive women were referred for colpos-
copy, pathologists could focus on identifying the histologi-
cal evidence of squamous or glandular precancer without
being distracted by the rather subjective histological fea-
tures of HPV infection. So, according to the LAST criteria,
itis CIN3 that should be accepted as a true precancer (as
a practical compromise until a more specific biomarker is
found) and p16 staining is recommended to differentiate
from other precancerous conditions, primarily CIN2.
However, there is a risk of overtreatment in CIN1 cases
since many CIN1 lesions are p16 positive [7].

Thus, before proceeding to the presentation of the
general conclusions that can be drawn on the basis of
the above review, we consider it appropriate to briefly
formulate the main positions. First, HPV testing is the most
sensitive method for diagnosing HPV infection with a high
risk of progression to precancer / cancer and thus already
differentiate from a “normal cervix”. All of the data that
we obtained, with the exception of studies with a serious
stastistic error [22,23], showed that HPV is more sensitive
and has advantages in determining the prognosis for longer
periods [29,66-68]. Most likely, exactly HPV testing in the
near future will become the main method of primary cervical
screening. In accordance with the recommendations of
the WHO guideline for screening and treatment of cervical
pre-cancer lesions for cervical cancer prevention, second
edition [69] HPV DNA testing is already recommended as
a primary screening method for both Screen-and-treat and
Screen, triage and treat approaches (Fig. 7). In same time,
HPV DNA testing still remains only one of the alternative
methods of cervical screening.

In this context, it is interesting that, in accordance
with the recommendations of this manual [69], the possi-
bility of self-sampling for HPV DNA testing is confirmed.
In support of this thesis, the results of a meta-analysis
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by M. Arbyn et al. [70] who showed that the sensitivity
to self-obtained sample for HPV testing was similar to
physician-collected detection but demonstrated lower
sensitivity to cervical intraepithelial neoplasia (CIN) with
hybrid capture technology [71].

At the same time, from our point of view, the most
promising strategy for the transitional period is the stra-
tegy of joint for HPV testing and cytology [72]. However,
it should be taken into account that cotesting is an ex-
pensive strategy [7], and it has been quite convincingly
shown that among HPV-negative women, the additional
use of cytology reduces the diagnostic risks of developing
cancer within 5 years very slightly (by about 0.003 %) [29].
HPV-negative cancer is rare, and therefore, with HPV-
negative results, cytological positive results of co-tests in
most cases represent testing errors or such cytological
abnormalities as ASC-US [73]. In this regard, the Recom-
mendations of the American Society for Colposcopy and
Cervical Pathology (ASCCP, 2019) Consensus Guidelines
[74], for example, on the clinical management patients
with unsatisfactory result of cytology according to their
age and HPV status, are of particular interest (Fig. 2).

In addition, this Guideline (ASCCP, 2019) recom-
mends the use of a personalized approach, in contrast
to the recommendations of the US Preventive Services
Task Force (USPSTF) (2012), which proposed compli-
ance with the principles of “equal management of equal
risk”, “risk thresholds”, and “benchmarking” [75]. Based
on new knowledge about the course of HPV infection
and cervical carcinogenesis, these recommendations
suggest that when choosing a patient management
strategy, itis necessary to take into account not only the
current results of screening tests, but also the results
of previous screening tests and biopsies, taking into
account personal factors such as age and immunosup-
pression status [74,76,77].

In this regard, there is a need to discuss an impact of
HPV vaccination on our approaches to cervical screening.
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While we are not yet in a position to discuss the signifi-
cance of vaccination in terms of the evidence obtained
(the first group of vaccinated women continues to be at
screening age), it is already clear that vaccination will
accelerate the shift in screening priorities from cytology to
HPV testing [7]. This is primarily due to the fact that, while
objectively reducing the overall frequency of precancer /
cancer, vaccination does not contribute to a significant re-
duction in the total number of abnormal cytological results.
Vaccine-targeted types are a minority of the total pool of
HPV infections, including the pool of types presenting
with ASC-US or LSIL, which are much more common
than HSIL / AIS (specific cytological signs of precancer).
Thus, in the vaccinated group against the background of
a significant decrease in the level of true precancer, there
will be slight fluctuations in the total number of cytological
anomalies, which casts serious doubt on the need for
cytological screening, at least in this group. Given the
extremely low risk of developing cancer at an early age,
screening before the age of 25 among vaccinated cohorts
may not be necessary at all [7,78].

Conclusions

1. Most likely, it is a separate testing for HPV that will
become the main monomethod for primary screening of
the cervical patholgy in the near future.

2. For the period until there are convincing data on
the possibility of separate testing for HPV as the optimal
method of screening the cervix, the most correct strategy,
in our opinion, is the combined use of both HPV testing
and cytology, at least as a triage method.

3. When evaluating the results of a cytology / histo-
pathology study, we consider standardization and simpli-
fication of terminology in accordance with the Bethesda
2014 system update to be optimal.
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Persistent genital arousal disorder (PGAD) is a condition of persistent genital arousal, in the absence of a psychological
component and organic pathology from the vascular, endocrine and nervous system.

The aim of the study is to examine the symptoms, clinical picture, developmental dynamics, risk factors, and treatment for PGAD.

Materials and methods. The clinical case of observation of PGAD in a 20-year-old female patient suffering from recurrent
depressive disorder is presented. Methods included in clinical, psychopathological and psychodiagnostic examination have
been with using the following techniques: Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 (GAD-7),
Visual Analogue Scales of pain intensity (VAS).

Results. As a result of collection of life and disease history, analysis of examination findings by related specialists and additional
research methods of patient with PGAD the next diagnosis has been made according to the International Classification of
Diseases 10" Revision: Recurrent depressive disorder, current episode of moderate severity with somatic symptoms (F33.11).
She has been treated with a number of drugs from the Selective serotonin reuptake inhibitors group and mood stabilizers,
the combination of sertraline and lamotrigine appeared the optimal treatment option. The results of the treatment have been
satisfactory, the symptoms of PGAD have stopped bothering the patient, the emotional state has improved significantly.

Conclusions. The case of the PGAD is presented. Clinical picture of the case turned out to be typical in comparison with
the results of other researchers. The peculiarity is the possible association of symptoms with withdrawal of escitalopram. The
case confirms the data upon the high suicidal risk in this disorder. The patient’s treatment requires intervention of different
medical specialists to rule out organic pathology and using of multidisciplinary approach. Sertraline and lamotrigine appeared
effective in the treatment of PGAD.

Po3naa nocTinHOro reHitaAbHOro 36yAXXeHHs:
KAiHiKa, AudepeHuiHa AlarHocTMKa Ta 0C06AMBOCTI AONOMOTH (KAIHIYHMIA BUNAAOK)

B. B. OropeHko, A. I. Kupuuetko, T. 1. LyctepmaH, B. 0. KokawwmnHcbkui, H. B. Tomax

Posanap nocriiHoro reHitaneHoro 36ymkeHHs (aHrmn. Persistent genital arousal disorder, PGAD) — ctaH 6e3nepepBHoro re-
HiTanbHOro 36ympkeHHs 63 NCUXONOriYHOMO KOMMOHEHTa 30YKEHHS! 1 OpraHiyHoi natororii 3 6oKy CyaAUHHOI, eHAOKPUHHOI
Ta HEPBOBOI CUCTEM.

MeTa po6oTH — BUBYEHHS CUMMTOMIB, KNiHIYHOT KAPTUHM, MHAMIKW PO3BUTKY, haKTOPIB pU3UNKY Ta METOZIB NikyBaHHS po3nagy
MOCTIAHOTO reHiTanbHOro 30YKEHHS.

Marepianu Ta meToau. HaBeneHo KniHiYHMIA BUN2AoK BIACHOTO CMIOCTEPEXEHHS PO3nazy NOCTIMHOTO reHiTanbHOro 30ymKeH-
Hs1 B NavieHTky Bikom 20 POKiB, y KOTPOI AiarHOCTOBAHO Ha PEKYPEHTHUI AenpecuBHWiA po3naa. JocnimxeHHs nepeadadvano
3aCTOCYBaHHS! KIiHIYHWX | NCUXONATONOrYHNX METOAIB, 30IACHEHHS NCUXOQIArHOCTUYHOMO OOCTEXEHHS 3 BUKOPUCTaHHSAM
Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 (GAD-7), BisyanbHOi aHarnorosoi LUKanm iHTeHcuB-
HocTi 6onto (BALL).

Pesynkratu. Y pesynsrati 300py aHaMHE3Y XWUTTS Ta 3aXBOPIOBAHHS], aHasiay BUCHOBKIB 0BCTEXEHHS CyMbKHUMM criewjanictamu
Ta AaHVX JOOATKOBUX METOZIB AOCTiMKEHHS BCTAHOBWMM JiarHo3 3a MixHapogHoto knacudikalieto xsopob 10 nepernsigy: peky-
PEHTHWA AENPECUBHUI PO3na, NOTO4YHWIA eni3os MOMIPHOI TSKKOCTI 3 coMaTuyHUMm cyumntomamu (F33.11). MNavieHTka otpyumyBana
NiKyBaHHS! HU3KOHO Npenaparis i3 rpyni CENEKTUBHIX iHMBITOPIB 3BOPOTHOTO 3aXOMNTEHHs CEPOTOHIHY Ta CTabinizatopaMmy HacTpoLo;
ONMTUMAIBbHOK CXEMOLO MiKyBaHHA BUSBUNACh KOMOIHALISA cepTpaniHy Ta naMoTpumKkuHY. PesynkTtatin nikyBaHHA 3aA0BiMnbHi,
CYMMTOMM pPO3nagy NOCTINHOTO reHiTanbHOro 30ymkeHHs nepectanv TypbyBaTh nauieHTKy, il EMOLLIMHWIA CTaH 3HAYHO NOKPALLMBCS.

BucHoBku. HaBeneHo Bunaaok A0BoNi pigKicHOTO B MeAMLIMHI po3nagay NOCTIMHOIO reHiTanbHOro 30ymKeHHs, KriHiYHa kapTuHa
SIKOTO BUSIBUNIACS TUMOBOHO MOPIBHSIHO 3 peayrstataMy AOCHimKeHb iHWKX aBTopiB. OcobnmBiCTb HABEAEHOTO KNiHIYHOTO BUNaaKy
poanagy NOCTIRHOTO reHiTanbHOro 30ymKEHHS Nonsirae B MOXMMBIN acolliallii CUMNTOMIB 3i CKacyBaHHSIM ecLuTanonpamy.
Lle Bunagok niaTBEpmXXyE BiOMOCTI NPO BUCOKUIA CYiLifanbHUA pUsMK Npy po3nagi NOCTIRHONO reHiTanbHOro 36yMKEHHS.
Kypauis nauienTkv notpebysana BTpyYaHHs axiBuiB i3 pisHWX ranysen MeauumHu (HEBPOMOTis, rHEKONOris Ta ncuxiaTpis)
ANS BUKITIOYEHHS opraHivHoi naronorii Ta 3abeaneveHHs MynsTuancLMniHapHoro niaxoAy. Nia vyac nikyBaHHS LibOro BUNagxky
po3nagy NOCTIAHOrO reHiTanbHOro 30yKEHHA eDEKTUBHUMM BUSIBUNIMCS TaKi npenaparu, Sk cepTpasiH i NaMOTPUIKUH.
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Persistent genital arousal disorder (PGAD) is a condition
of persistent genital arousal, in the absence of a psycho-
logical component of arousal and organic pathology from
the vascular, endocrine and nervous systems. For the
first time the term of PGAD has been mentioned since
2006, but until today this problem has not been deeply
researched and studied, so the data were presented
by case studies and expert opinions [1,2]. According to
some reports, the worldwide prevalence of this disorder
is 0.6-3.0 % among women, but this disorder remains
largely unrecognized by medical practitioners. Given
the above, nowadays, practicing clinicians encountering
patients with this disorder are forced to be guided by
scant information and individual recommendations, which
affect the quality of care [3,4]. Most of the patients do not
have access to the care they need at all. Considering the
severity of the symptoms of this disorder, the level of the
patients’ maladjustment, the accompanying symptoms
from the mental sphere, and the high risk of suicide, this
subject requires coverage and study, followed by recom-
mendations for medical practitioners.

Aim
To examine the symptoms, clinical picture, developmental
dynamics, risk factors, and treatments for PGAD.

Materials and methods

The clinical case of observation of persistent genital
arousal disorder in a 20-year-old female patient suffering
from recurrent depressive disorder is presented.

To determine mental status of the patient we conduct-
ed clinical and psychopathological study, to assess level of
symptoms of depression — Patient Health Questionnaire-9
(PHQ-9) [5], anxiety — Generalized Anxiety Disorder-7
(GAD-7) [6] and pain — Visual Analogue Scales of pain
intensity (VAS) [7].

In accordance with the Declaration of Helsinki, written
informed consent to undergo a psychiatric examination
was received from the participant.

Clinical case

Patient complaints. A 20-year-old female patient asked
for help complaining of unpleasant sensations in the ex-
ternal genital area, mainly in the clitoral area, describing
them as feelings of arousal, tension and itching, which
are not pleasant and not associated with sexual arous-
al. They occur spontaneously during the day with the
maximum intensity of these symptoms observed when
the patient takes sitting or horizontal position. This state
of arousal was accompanied by secretion of lubrication,
pulsating and undulating sensations, blood filling of the
genitals, which sometimes led to spontaneous orgasms
that did not bring relief, but instead increased the arousal.
Touches in the external genital area were not pleasant
and resembled an “electric shock”. The presence of
these symptoms in the patient was accompanied by an
increase in the level of anxiety and feelings of guilt: “This
is the worst thing that’s ever happened to me in my life”,
“it's like a 24/7 self-rape”.
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At maximum symptom severity, there was pain that
spread to the external genitalia and perineum, which could
only be relieved by taking a warm bath.

There was a direct correlation of these symptoms with
the severity of anxiety.

These symptoms completely maladjusted the patient.
They were accompanied by sleeping disorders due to
painful and unpleasant sensations, decreased mood,
irritability, anxiety, suicidal thoughts, and a desire for sur-
gical treatment of this problem due to unbearable feelings.

Anamnesis. The patient was born in a complete
family, there is no information about mental disorders
among her relatives, she grew up and developed without
deviations, the family is complete and religious. At school
she studied well. Currently, she is a high school student.

Atthe age of 15, according to the patient, there was an
attempted rape, she reported: “the boyfriend on the date
began to getting handsy, tried to touch her, which fright-
ened her and she ran away”, after which she no longer
engaged in a relationship and was wary of men. Around
the age of 16, she first sought help from a psychiatrist re-
garding an anxiety disorder and was prescribed standard
therapy with selective serotonin reuptake inhibitors (SSRI)
antidepressant and a tranquilizer. Further, the patient pe-
riodically asked for help in connection with an aggravation
of anxiety and depressive symptoms, standard therapy
with antidepressants of SSRI class (fluoxetine, paroxetine)
and tranquilizers was prescribed. The patient also sought
help from a psychotherapist during this period of time.

For the first time, symptoms in the genital area oc-
curred a year ago (autumn 2021) after the withdrawal of
the antidepressants of the SSRI class (escitalopram).
According to the patient, these symptoms began with dis-
comfort in the urethra when urinating and were similar to
those of cystitis. Further, discomfort in the clitoral area and
sensation of arousal on the verge of orgasm appeared,
but the patient did not inform the attending physician and
psychotherapist; after 2 weeks, due to the presence of
anxious-depressive symptoms, escitalopram at a dose of
10 mg was prescribed, after that the genital symptoms
disappeared. However, the therapy of targeted affective
symptoms was not effective enough, then a change of
the treatment regimen was carried out: the patient was
taking sertraline 75 mg + lamotrigine 25 mg + aripiprazole
5 mg. Given regimen allowed to keep the satisfactory
affective state, however, some depressive and anxious
symptoms persisted.

Subsequently, the patient began to visit a psycho-
therapist, who canceled this regimen and prescribed
vortioxetine (March 2022), after which the patient’s
emotional condition worsened somewhat. Further, the
psychotherapist canceled the vortioxetine (May 2022),
the patient’s emotional condition was stable. However, the
patient did not see the effect of the visit to the therapist,
so she discontinued visiting him.

This deterioration occurred in June 2022, when the
above symptoms in the external genital area occurred.

During the conversation, the patient described her
complaints and also reported that she had never before
shown sexual interest, had no sexual desire, rated her
libido at 0, and had never before experienced orgasm.
She reported isolated cases of erotic dreams, after which
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a feeling of guilt was present. She was scared of men,
afraid of being a “toy for intimate pleasures”. During the
onset of these painful sensations, she first tried mastur-
bating, hoping that this would reduce the intensity of the
feeling of tension and pain, but the orgasms she achieved
brought no relief: “It only got worse afterwards, and | also
felt a feeling of guilt”.

In general, the patient has a negative attitude towards
the manifestation of her sexuality, explaining it by religious
family traditions; she also stated that she wished this
sphere in her life did not exist at all, and that she does
not plan to have sexual relations in the future and to build
relationships.

Based on the results of the consultation, the patient
was recommended to see a neurologist and a gyneco-
logist in order to exclude concomitant pathology. At the
same time, pregabalin was prescribed at a dose of 150
mg/day, this dose of the drug allowed to almost completely
eliminate the symptoms of the given disorder, however,
after 3 days the symptoms returned by about 60-70 %
according to the patient’s subjective sensations. In this re-
gard, the dose of pregabalin was increased to 225 mg/day,
which reduced given symptoms by 50 % and normalized
sleep and got rid of spontaneous orgasms. However,
painful sensations localized in the clitoral area continued
to maladjust the patient. Against the background of a
decrease in these painful sensations, symptoms of the
affective sphere began to actualize in the form of an in-
crease in anxiety and depression. During the examination
by a neurologist and an magnetic resonance imaging
(MRI) scan, coccyx subluxation and spondylarthrosis
were revealed. The diagnosis was determined: coccy-
dynia, anxious-depressive syndrome. The therapy with
meloxicam and diclofenac was prescribed, which had no
effect on the symptoms in the genital area.

An examination by a gynecologist revealed no organic
pathology of the genitals, but urinalysis revealed condi-
tionally pathogenic flora, for which antibacterial therapy
was prescribed, which neither lead to improvement in
symptoms, nor caused thrush, followed by an increase
in discomfort in the genital area. Therapy with antifungal
agents was prescribed, after completion of which there
were no pathological changes in the genital area.

In turn, the patient underwent hormone therapy by a
gynecologist for polycystic ovarian syndrome, and for a
year she took ethinylestradiol 0.03 mg/day and levonor-
gestrel 0.05 mg/day.

As aresult, in a month and a half, after excluding the
connection of these symptoms with organic pathology, con-
sidering the absence of sufficient effect of pregabalin and
the increase of affective symptoms, it was decided to add
escitalopram to therapy. Escitalopram was prescribed at a
regimen dose of 5 mg/day with an increase to 15 mg/day,
the pregabalin dose was reduced to 75 mg/day. As a re-
sult, during the next 2 weeks, the genital symptoms almost
disappeared, the patient considered them to be 10 % of
the initial ones, which did not affect her vital activity, but
there was a significant increase in depressive symptoms.

Considering the patient’s history, escitalopram and
pregabalin were replaced by sertraline at a dose of 100 mg/
day and lamotrigine 50 mg/day, and the patient also began
using an ointment with a topical anesthetic as needed
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during episodes of increased symptoms. After 2 weeks, the
patient reported stable gradual improvement in her emo-
tional state and complete absence of genital symptoms.

Mental state. The patient is well groomed outwardly.
The facial expression is weakly modulated, sad. She is
available for productive contact, answers questions in
a detailed way, and is fixed on her painful experiences.
The voice is strained. While describing the symptoms in
the genital area, she is shy, feels uncomfortable, her face
turns red, tries not to call the organs by their names, uses
expressions such as: “there is tension there”, “it hurts in
that area”. Mood is depressed, anxious, tearfulness is
present. Attention is unsteady, attention span is reduced.
Thinking consistently. Memory and intellect are not im-
paired, the knowledge stock corresponds to the education
received. Reports the presence of suicidal thoughts, which
she does not intend to implement. Critically assesses her
condition, asks for help.

Objective data. At the beginning of treatment (June
2022), the patient completed interviews on the GAD-7
and PHQ-9 scales with a PHQ-9 score of 13 and a GAD-7
score of 19. It was also proposed to rate the symptoms
on a scale of 0 to 10 (VAS). Results: genital pain — 9,
sleep disturbance - 8, sleep depth disturbance — 4, sleep
quality — 6, physical condition limited daily activities — 10,
emotional condition limited daily activities — 6.

The patient was examined (Aug. 31, 2022) with scales
with a PHQ-9 score of 24 and a GAD-7 score of 15. ltwas
also proposed to evaluate the VAS scale for genital pain
— 3, sleep disturbance — 3, sleep depth disturbance - 3,
sleep quality — 8, physical condition limited daily activities
— 6, emotional state limited daily activities — 6.

MRI: coccyx subluxation and spondylarthrosis.

Ablood test for the level of thyroid hormones: indica-
tors are within the normal range.

Related specialists. Neurologist: Coccydynia;
Anxiety-depressive syndrome. Gynecologist: Polycystic
ovarian syndrome.

Diagnosis: Recurrent depressive disorder, current
episode of moderate severity with somatic symptoms.
F33.11

Associated diagnosis: Polycystic ovarian syndrome;
Coccydynia.

Discussion

The PGAD studies point to the need to exclude organic
pathology of the external genitalia [8,9]. Our patient was
under constant observation by a gynecologist for polycys-
tic ovarian syndrome and the gynecologist also excluded
pathology of the external genitalia.

Some studies indicate a correlation between the
onset of PGAD symptoms and taking or stopping an-
tidepressants including SSRIs [10,11]. In the case we
described, the correlation between discontinuation of an
antidepressant and the beginning of symptoms and their
disappearance when the drugs of this class are re-pre-
scribed is clearly observed.

According to the available data, the occurrence
of PGAD symptoms is significantly influenced by the
patient's sexual beliefs, attitudes toward their sexual
feelings and manifestations, and a sexual trauma in the
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anamnesis [12,13]. In this case, the patient had developed
under strict Christian beliefs in terms of sexuality, any of
her own sexual manifestations led to feelings of guilt and
shame. In addition, there was an episode of attempted
physical abuse during adolescence, which significantly
maladjusted the patient.

Some studies point to the relationship between hy-
perthyroidism and sexual dysfunction in men and women
[9]. Our patient was examined for thyroid hormone levels,
which were within normal range.

The role of inflammatory processes (urethritis, cystitis,
vaginitis, thrush) in the formation and development of
PGAD symptoms is pointed out [14]. In the case of this
patient, symptoms of cystitis and thrush were observed,
which significantly aggravated the clinical manifestations
of PGAD; however, after recovery from the inflammatory
processes, PGAD symptoms decreased, but remained
at a rather high level.

There is an evidence of a correlation between symptoms
of PGAD and pathology of musculoskeletal system, especial-
ly the lumbosacral spine [15-18]. The patient was examined
by MRI and consulted by a neurologist and a subluxation of
the coccyx was detected, and treatment with NSAIDs was
prescribed, which had no effect on the symptoms of PGAD.

As a differential diagnosis, we considered a variant
of psychalgia associated with withdrawal of antidepres-
sants, but in the patient the symptoms of undesirable
arousal were in the foreground, and the pain component
was additional and manifested in a long-term persistent
arousal state.

Conclusions

1. The presented case of the PGAD disorder is quite
rare in medical practice and its clinical picture turned
out to be typical in comparison with the results of other
researchers.

2. The peculiarity of the described clinical case of
PGAD is in possible association of symptoms with with-
drawal of SSRIs (escitalopram).

3. The described case of PGAD confirms the data
about high suicidal risk in this disorder.

4. The patient’s treatment requires inclusion of spe-
cialists from different branches of medicine (neurology,
gynecology and psychiatry) to rule out organic pathology
and use of a multidisciplinary approach.

5. SSRIs (sertraline) and mood stabilizers (lamotri-
gine) were effective in the treatment of this case of PGAD
disorder.

Prospects for further research. Detection and ana-
lysis of new cases of PGAD, development of standards of
diagnostics, treatment and care, taking into account the
need for a multidisciplinary approach to the management of
this contingent of persons. Practitioners prescribing SSRIs
should consider the possible risks of PGAD in patients.
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