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The use of a trench candle as an alternative heating and light source
in wartime and possible negative consequences
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Aim. To examine the composition of ultrafine aerosol in the air generated by the trench candle burning and
compare combustion products with proven carcinogens according to the International Agency for Research on
Cancer (IARC) classification.

Materials and methods. The content of ultrafine aerosol emitted from trench candle burning was studied using
a NanoScan 3910 portable scanning spectrometer. The number, area, surface volume and mass concentration
of particles were measured at 0.5 and 1.5 meters above the floor level before and after the trench candle burn-
ing for 10 minutes. The chemical composition was assessed by inductively coupled plasma optical emission
spectrometry (ICP-OES, PerkinElmer Optima 2100 DV, USA). The morphological characteristics of suspended
particles were studied by scanning electron microscopy (TESCAN VEGA3, Czech Republic).

Results. High concentrations of suspended particulates in the ultrafine particle size range outnumbering the
background content by almost 985 times (p < 0.001) have been found to be emitted from the trench candle
burning into the indoor air at the breathing level. The ultrafine aerosol contained carcinogenic heavy metals
according to the IARC classification (chromium, cadmium, and cobalt).

Conclusions. The use of trench candles during the Russian—Ukrainian war relates military and civilian populations
to arisk group, that requires wartime carcinogenic effects on the Ukrainian population to be studied and demands
the development of a National Program for primary and secondary prevention of cancer as soon as today.
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B1KOpUCTaHHA OKONHOI CBiUKK
AIK aAbTePHATUBHOIO0 A)Kepena onaAeHHs ! CBiTAA Y BiliCbKOBMI uac
i MOXXAUBiI HEraTUBHiI HaCAiAKK

0. 0. KoBanboB, H0. M. KonecHuk, B. 0. 3y6, A. |. CeBanbHeB, A. . Lapasapa, I. M. AHApycULLKHA,
0. B. laHueBa, K. 0. KoBanboB

MeTa po6oTu - BMBYMTW CKIaf yNbTPAAMCNEPCHOrO aepo3onito B MOBITPI NiA Yac ropiHHA OKOMHOI CBIYKM Ta
MOPIBHATM NPOAYKTM 3ropsiHHs 3 JOBEAEHNMI KaHLieporeHamu 3a knacudikauieto MixHapogHoi areHuii 3 go-
cnigpkerHs paky (IARC).

Martepianu i meToau. BMICT ynbTpagmcnepcHoro aepo3onto B NOBITPI Nif, Yac ropiHHS OKOMHOI CBIYKM BUBYUIHN
3a [0MOMOro MOPTATUBHOTO CkaHyBanbHoro cnektpometpa NanoScan 3910. BusHaumnm kinbkicTb, oLy,
06’eM NOBEPXHi Ta MACOBY KOHLIEHTPALLil0 YaCTUHOK A0 Ta Micns ropiHHA OKOMHOI CBiYkM npoTsarom 10 XB Ha
Bucoti 0,5 m Ta 1,5 M Big nignoru. XiMivyHWA cknag BU3HAYUMKM METOAOM OMTUYHO-EMICINHOI CNEKTPOMETPIT 3
iHOykTMBHO 3B’'s3aHOI0 nnasmoto (ICP-OES), sukopucTaslum npunag Optima 2100 DV (PerkinElmer, CLUA).
MopdonorivHi 0coBnMBOCTI 3BaXEHNX YaCTUHOK BMBYMIM METOLOM CKaHyBanbHOI €NEKTPOHHOI Mikpockonii
TESCAN VEGA3 (Yexis).

Pe3yabtatu. Y pesynbrati 4OCHIMKEHb BCTAHOBMEHO, LLO Mif Yac ropiHHSA OKOMHOI CBIYKM Y NOBITPI NPUMILLEHHS
Ha BMCOTi PIBHS AUXaHHS NIOAMHM YTBOPUNACS BENMKA KOHLIEHTPALLS 3BaXKEHWX YACTUHOK YNETPaAMCEPCHOTO
[JianasoHy, KinbKiCTb sIKUX nepeBuLLyBana (oHoBui BMIiCT Maiike B 985 pasis (p < 0,001). [lo cknagy ynstpa-
[JMCNepCHOro aepo30r1to BXOAWMM KaHLieporeHHi Baxki Metanu 3a knacudikaieto IARC (xpom, kagmili i kobansr).

BucHoBku. [ig 4ac pociiicbko-yKpaiHCBKOI BiliH BiliCbKOBOCYOO0BLIi Ta LMBINbHE HACENEHHS € rPYMO PU3NKY
BHACIiA0K 3aCTOCYBaHHSI OKOMHKX CBiYOK. TOMY JOLINbHO BYBYATY BMIMB KAHLEPOreHiB, LU0 akTyari3oBaHi BO-
€HHIM YacoM, Ha HaceneHHs YkpaiHu. HeobxigHo skHanwwBKzLe po3pobuTh AepxaBHy nporpamy NepBUHHOI
Ta BTOPUHHOI MPOChiNaKTUKY OHKONOTIYHUX 3aXBOPHOBAHb.
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High-intensity wars seriously damage health of military and
civilian populations. At the moment of explosions and building
collapses, humans are exposed to hazardous substances, the
concentration of which increases dramatically in the environment
[1]. Such substances include smoke, sand, dust, asbestos,
crushed stone, demolition waste, which are a source of carcino-
genic solid particles in ambient air [2].

Military industry workers and military personnel are at a higher
risk for postwar respiratory cancer development as compared
to the general population [3,4,5]. The problem can be caused
not only by weapons containing toxic components, but also by
household products daily used at the front line. These include the
so-called trench candle, which has been known since World War I,
also named after Paul von Hindenburg, a German Field Marshal
General and statesman [6]. This device has gained popularity in
Ukraine since the beginning of the Russian-Ukrainian war. It is
used as a can filled with porous material of cardboard boxes and
melted wax or paraffin poured over. Tens of thousands of such
candles find applications in the front-line trenches and among
the civilian population in the regions adjoining the conflict zone
for lighting, heating, cooking, and clothes drying.

Composition of smoke from the trench candle burning and
its effects on the military personnel health have not yet been
examined.

Aim
To examine the composition of ultrafine aerosol generated
by the trench candle burning and compare combustion products

with proven carcinogens according to the International Agency
for Research on Cancer classification.

Materials and methods

The composition and physical properties of the ultrafine
aerosol produced by the trench candle burning were studied in
a closed room of 30 m3 (4.0 x 3.0 x 2.5 meters) for 10 minutes.
The obtained parameters were compared with the background
concentration of suspended particles in the air before the trench
candle use.

The ultrafine aerosol composition was examined using a
portable scanning spectrometer NanoScan 3910 (USA), which
measures the content of suspended particles in the range from
10 nm to 400 nm with the maximum measurement capability of
detecting the total concentration of up to 1,000,000 particles per
1 cm® (Fig. 1). Particles with an aerodynamic diameter <100 nm
were referred to as ultrafine. For each size range of suspended
particles, the number (number/cm?), area (nm?cm3), surface vo-
lume (nm?3/cm®) and mass concentration (ug/m®) were determined.
Atotal of 195 measurements were made, including 65 before the
trench candle burning (background concentrations of suspended
particles) and 65 measurements each at 0.5 and 1.5 meters above
the floor level after the trench candle burning for 10 minutes.

The chemical composition of suspended particles was
assessed by inductively coupled plasma optical emission
spectrometry (ICP-OES, PerkinElmer Optima 2100 DV, USA)
[NIOSH, 2001, National State Standard ISO 15202-2008]. Air

sampling was conducted at the breathing zone level with a
0.50 L/min volumetric flowrate in a total volume of 5 liters using
a TYPHOON P-20-2 sampler through a Zaitsev absorber con-
taining deionized water for 10 minutes. The resulting solution was
transferred from absorbers into test tubes for the subsequent
determination of the elemental composition by the ICP-OES
method. ICP multielement standard solution containing 23 che-
mical elements No. 111355.0100 (Merck, Germany) was used
to calibrate the device.

The most sensitive wavelength was selected for each element
from the WinLab32 library of the ICP-OES device. A total of 20
toxic metals and essential trace elements (Al, Cr, Si, Fe, Mn,
Mo, Ni, Ca, Mg, P, W, Ti, Pb, Sn, Cd, Zn, Co, Cu, As, V) were
quantified in accordance with the metrological requirements for
the device, which are listed in Table 1.

For ensuring quantification accuracy, all the measurements
were performed twice. Therefore, the experimental value was
considered accurate if the relative standard deviation did not
exceed 2 %. External quality assurance of laboratory analyses
in determining the content of toxic metals and essential trace
elements was carried out following the program of interlabo-
ratory comparisons of chemical elements in the air jointly with
E. O. Paton Electric Welding Institute of the National Academy
of Sciences of Ukraine (Kyiv) in 2024.

Mathematical processing of the obtained results was carried
out using the WinLab32 software for device ICP-OES and the
Windows XP Professional operating system, and statistical
analysis was done using the Microsoft Excel program package
according to [7].

The data on the morphological characteristics of suspended
ultrafine particles were obtained by the method of scanning elec-
tron microscopy (TESCAN VEGAS3, Czech Republic) at 20 kV
accelerating voltage. Images were taken in secondary electron
(SE) and backscattered electron (BSE) detection modes. The lo-
cal chemical composition of the captured particles was assessed
by energy-dispersive X-ray spectroscopy (EDX) using an XFlash
Detector 610M spectrometer (Bruker, Germany).

The obtained results were calculated mathematical-
ly on a PC using the licensed software “Statistica ver-
sion 13” (Copyright 1984-2018 TIBCO Software, license
No. JPZ8041382130ARCN10-J). Descriptive statistics were
presented as median with interquartile range — Me (Q25; Q75)
since the obtained variables were non-normally distributed. Sig-
nificant differences between the compared values were analyzed
by the Mann-Whitney test. Differences were considered to be
statistically significant at a p-value <0.05.

Results

The studies provided data on the suspended particle number
at differentindoor levels (background concentration) and after 10
minutes of the trench candle burning.

In the background mode, the highest concentration of
suspended particles was observed in the range of 27.4 nm —
747.29/cm?3 (747.14; 747.98) and 36.5 nm — 696.74/cm? (675.77;
697.04), the lowest — particles ranging 365.2 nm — 25.58/cm?
(24.01; 44.63) in sizes (Fig. 2a). The suspended particle number
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Fig. 1. Examination of ultrafine aerosol after the 10-minute trench candle burning using the portable scanning spectrometer NanoScan

3910 (USA).

of different aerodynamic diameters was considerably increased
in all parameters being statistically significantly higher (p <0.001)
10 minutes after the trench candle burning at 0.5 m (Fig. 2b) and
1.5 m (Fig. 2c) above the floor level as compared to the back-
ground concentrations.

In addition to the suspended particle number, other parame-
ters of the ultrafine aerosol increased rapidly: the surface area,
volume, and total mass concentration of solid particles in all sizes
with significant differences (p < 0.05) compared to those before
the trench candle burning.

The total particle surface volume increased from 5.93 x 10"
to 1.43 x 102 nm¥/cm? at 1.5 meters above the floor level after
the trench candle burning.

The mass concentration indicators of differently sized sus-
pended particles during the trench candle burning at various levels
were statistically significantly different in almost all dimensions.
The obtained results are presented in Fig. 3 and Table 2.

The findings on a significant increase in the surface area of
suspended particles after the trench candle burning are indica-
tive of their high biological activity allowing them to additionally
adsorb numerous pollutants and easily transport them from the
environment into the human respiratory tract.

Measuring the physical parameters of the ultrafine aerosol
composition during the trench candle burning in the indoor
environment for more than 10 minutes was impossible, since
the device parameters were not designed for studying such
values.

Ultrafine aerosol chemical composition during the trench
candle burning was analyzed by the method of optical emission
spectrometry; these data are shown in Table 3. The presence of
chromium (Cr), silicon (Si), calcium (Ca), wolfram (W), cadmium
(Cd), zinc (Zn) and cobalt (Co) was detected in the air at concen-
trations which did not exceed permissible exposure limits (PELS)
in the workplace air [8].

Using the method of scanning electron microscopy, the
morphological features of individual suspended particles emit-

Table 1. Metrological parameters for determining the content of toxic
metals and essential trace elements in the air by the ICP-OES method
(axially viewed plasma - XL)

Chemical Wavelength, | Limit of Similarity of
element nm quantitation | two tested
by the method | parallel
(LOQ, pgll) samples, %

Al (Aluminium) 396.153 0.0003 0.88

As (Arsenic) 193.696 0.003 225

Ca (Calcium) 422673 0.003 0.45

Cd (Cadmium) 228.802 0.00016 0.56

Cu (Cuprum) 324.752 0.00020 1.50

Co (Cobalt) 230.786 0.0002 213

Cr (Chromium) 283.563 0.0002 2.28

Fe (Ferrum) 259.939 0.0003 0.35

Mn (Manganese) |257.610 0.00010 2.21

Mg (Magnesium) |279.077 0.003 0.57

Mo (Molybdenum) | 203.485 0.0005 1.98

Ni (Nickel) 231.604 0.002 2.23

S (Sulfur) 189.965 0.004 2.62

Si (Silicon) 283.998 0.006 2.69

Sn (Stanum) 235.485 0.004 1.24

Ti (Titanium) 334.940 0.0002 2.08

P (Phosphorus)  |213.617 0.01 1.66

Pb (Plumbum) 220.353 0.002 210

Zn (Zinc) 206.200 0.002 1.99

V (Vanadium) 270.093 0.001 1.89

W (Wolfram) 239.708 0.0002 1.09
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Fig. 2. The number of suspended particles before using the trench candle (a) and after the trench candle burning (b, ¢) for 10 minutes
(number/cmd).
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Fig. 3. Surface area of differently sized suspended particles in the air before and after the trench candle burning, nm2/cm3.
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Table 2. Mass concentration of suspended ultrafine aerosol particles in the air before and after the 10-minute trench candle burning at different

levels, ug/md, Me (Q25; Q75)

Particle size, nm Before the trench candle After the 10-minute trench After the 10-minute trench
burning, n = 65 candle burning candle burning
at 0.5 m above the floor level, at 1.5 m above the floor level,
n=65 n =65
1.5 0.0001 (0.0001; 0.0001) 0.0003 (0.0001; 0.0004) 0.021 (0.014; 0.022)
15.4 0.0003 (0.0003; 0.0004) 0.0007 (0.0003; 0.0008) 0.058 (0.051; 0.093)*
205 0.0017 (0.0016; 0.0017) 0.0014 (0.0011; 0.0016) 0.105 (0.068; 0.202)*
274 0.0096 (0.0096; 0.0097) 0.0108 (0.0084; 0.0188) 0.447 (0.425; 0.554)
36.5 0.0213 (0.0207; 0.0213) 0.0830 (0.0439; 0.0889)* 0.987 (0.982; 1.421)*
48.7 0.0243 (0.0233; 0.0264) 0.1904 (0.1399; 0.2343)* 1.749 (1.257; 2.390)*
64.9 0.0122 (0.0099; 0.0139) 0.5206 (0.4381; 0.5843)* 2.539 (2.446; 3.416)
86.6 0.0478 (0.0454; 0.0623) 2.3253 (2.2253; 2.9992)* 7.230 (5.713; 10.668)*
115.5 0.2837 (0.2732; 0.3180) 12.7760 (9.2664; 13.6509)* 25.192 (14.102; 27.292)*
154 0.8241 (0.7643; 0.8669) 57.7962 (43.9879; 58.5199)* 69.149 (41.964; 77.340)"
205.4 1.4873 (1.4758; 1.5417) 197.8996 (194.0988; 199.3340)* | 172.607 (105.513; 180.048)*
273.8 1.5877 (1.4527; 1.6810) 495,8106 (485.7798; 501.5460)* | 333.693 (237.116; 334.745)*
365.2 0.7828 (0.7346; 1.3654) 753.1634 (643.7714; 813.1595)* | 444.137 (405.180; 486.213)*

*: statistically significant differences with the indicators in the air before the trench candle burning (< 0.001)

Table 3. The content of chemical elements in the air after the 10-minute trench candle burning, mg/m?

Chemical element Concentration in air after the 10-minute trench PEL* of chemicals in the workplace air
candle burning

Chromium (Cr) 0.016-0.020 1.0

Silicon (Si) 0.50-0.60 1.0

Calcium (Ca) 0.60-0.78 1.0

Wolfram (W) 0.60-0.82 6.0

Cadmium (Cd) 0.0001-0.001 0.05

Zinc (Zn) 0.123 0.5

Cobalt (Co) 0.0003 0.05

*: according to the Order of the Ministry of Health of Ukraine No. 1596 dated 14.07.2020 “On the approval of hygienic regulations for the permissible content of chemical

and biological substances in the air of the working area” [8].

ted during the trench candle burning were determined and their
elemental composition was assessed (Fig. 4,5).

High percentage of copper (Cu) and aluminum (Al) in the
chemical composition was detected due to the use of copper
grids to fix the suspended particles on an aluminum table and
was ignored.

In the samples (Fig. 4 a-c), suspended particles were
detected containing calcium (0.34 %), potassium (0.12 %),
silicon (0.5 %), magnesium (1.28 %), sulfur (0.14 %) and
the largest amount of carbon (65.60 %), which is a product
of incomplete combustion (soot formation) during the trench
candle burning.

Some of the particles (Fig. 5 a—c) were found with a high
content of chromium (64.7 %), that according to the International

Agency for Research on Cancer (IARC) classification is a pro-
ven Group 1 human carcinogen, and some even contained the
chemical element bismuth.

Discussion

Observations have shown that wars dramatically increase the
incidence of lung cancer in civilian and military populations. As
a matter of fact, by 1898, only 140 cases of this tumor had been
described in the medical literature. In the book dated 1912 “Pri-
mary Malignant Growths of the Lungs and Bronchi”, Isaac Adler
claimed that “lung tumors are one of the rarest forms of cancer”
[9]. 15 years after the end of World War I, lung cancer mortality
was already 4.9 per 100,000 male population and continued to
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Fig. 4. Findings obtained via scanning electron microscopy on morphological features (a,b) and chemical composition (c) of suspended
ultrafine particles in the air after the 10-minute trench candle burning.

increase throughout the XX century. It was initially related to latent
effects of toxic gases, long-term outcomes of pandemic influenza,
fogs, lack of sunlight exposure, common cold, and X-rays.

In 1950, the Britons Richard Doll and Austin Hill outlined two
potential reasons for a sharp rise in lung cancer cases. They
considered mass tobacco smoking and global environmental
pollution by motor vehicle emission, dust from asphalt roads,
smoke emitting from factories and industries, coal fires [10].

The World Health Organization estimates that air pollution
is responsible for about 7 million deaths each year worldwide,
which is comparable to the death rate from tobacco smoking
[11]. 80 % of these deaths are due to non-communicable di-
seases. Long-term air pollution exposure is closely related to
the increased risk of death from coronary heart disease, chronic

obstructive pulmonary disease, stroke as well as developing
type Il diabetes mellitus, obesity, Alzheimer’s disease, and
dementia [12,13,14].

Atmospheric carcinogens are involved in the pathogenesis of
lung, breast, prostate, colon, stomach, liver, nasopharynx, larynx,
esophagus, pancreas, kidney, bladder, ovary, cervix, and myeloid
leukemia cancers [15].

In ambient air, toxic and carcinogenic substances are strongly
adsorbed on solid particles. This is a large class of chemically
and physically diverse aerosols suspended in the air. They differ
in size, origin, chemical composition, and behavior in the atmos-
phere [16,17,18].

Coarse particulate matter (PM) with aerodynamic diameter
of more than 10 ym is usually trapped in the upper respiratory

170 Modern medical technology. Volume 16. No. 3, July - September 2024
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Fig. 5. Findings obtained via scanning electron microscopy on morphological features (a,b) and chemical composition (¢) of suspended
ultrafine particles in the air after the 10-minute trench candle burning.

tract and does not deposit in the lungs. These particles can
move up to tens of kilometers from emission sources. PM with
a smaller diameter can float in the atmosphere for up to several
weeks and travel hundreds or thousands of kilometers. Fine
and ultrafine PM of combustion products with a diameter of
<2.5 pm and <0.1 pym, respectively, cannot be filtered by the
respiratory system and penetrate deep into the lungs, remaining
active in the human body 40 times longer than the ingredients
of cigarette smoke.

These toxic pollutants pose a risk for lung cancer that is 12
times higher than that in passive smokers. Coarse PM and gases
cause chronic low-grade inflammation and oxidative stress in
human tissues. In bronchial epithelial cells exposed to different

concentrations of PM, ., DNA damage and transcriptional changes

occur in hundreds of genes involved in the inflammatory and
immune response [19].

Along with liquid- and solid-phase water- and fat-soluble
compounds, solid graphite carbon, metals and viscous organic
liquids also penetrate into the lung alveoli. They bind at least 500
different chemical classes of organic and inorganic substances
that can cause DNA mutations.

Although exposure to both coarse (PM, ) and ultrafine (PM, ,)
airborne particles can cause detrimental effects on health, long-
term exposure to PM, . is the main cause of mortality from cardio-
vascular, respiratory diseases and cancer [20,21,22].

In 2019, 307,000 premature deaths were estimated to be
attributable to PM,  in the 27 European Union Member States.
In addition to cancer, combustion products can cause coronary
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thrombosis, stroke, pulmonary emphysema, asthma, and pneu-
monia [23,24].

Our studies have suggested that the smoke from the trench
candle burning is a typical ultrafine aerosol containing heavy
metals and consisting of a complex mixture of gases, soot, ash,
and resinous substances. There are reasons to believe that the
presence of chromium, cadmium, and cobalt in solid nanoparticles
could have negative consequences on the human body due to
their ability to easily cross the air-blood barrier, gain access to the
systemic circulation and reach various organs and body systems
via the blood flow.

According to the IARC classification, hexavalent chromium
(Cr)and cadmium (Cd) are Group 1 (proven) human carcinogens,
and cobalt compounds are classified as possibly carcinogenic
to humans (Group 2B) [25]. Hexavalent chromium is particularly
carcinogenic. lIts effects are associated with the development of
lung cancer, cancer of the nasal cavity and paranasal sinuses
[26,27,28]. Cadmium and its compound exposures cause lung,
kidney and prostate cancer [29,30,31]. Although data on the car-
cinogenic properties of cobalt are less conclusive, an increased
risk for lung cancer has been proven to be cobalt-induced. Like
chromium, cobalt can cause cancer of the nasal cavity and para-
nasal sinuses [32,33,34].

Other elements that were detected after the trench candle
burning, such as silicon (Si), calcium (Ca), tungsten (W), zinc
(Zn) in their usual forms and compounds do not have oncogenic
effects, but human inhalation exposure to some of their forms (for
example, silicon dioxide, crystalline silica) may also be associated
with an increased risk for cancer [35].

To minimize adverse health impacts when using trench
candles and other similar sources of smoke containing toxic and
carcinogenic metals, precautions with a high level of personal
protection should be recommended, including P100 respirator
filters enable capturing fine particles and metal aerosols.

Epidemiological cohort studies among military personnel
and civilians, who were regularly exposed to the trench candle
smoke and other toxic substances, to assess the frequency
and types of cancer in these risk groups will be relevant in the
foreseeable future.

Itis also necessary to develop a registry of cancer incidence
among the military and compare the indicators with the general
Ukrainian population.

Regular medical monitoring should be further provided to
detect early manifestations of exposure to toxic substances
through blood and urine tests for heavy metal concentrations in
the body of military personnel.

So far, our study has shown that the use of trench candles
was associated with a significant increase in the concentration of
suspended particles within the range of ultrafine and some carcino-
genic metals in the air, the impact of which on human health could
be very harmful. Our examinations have revealed the maximum
indoor air concentrations of suspended particles containing chro-
mium, cadmium, and cobalt of 1712.71 ug/m? after only 10 minutes
of the trench candle burning, which was 171.3 times higher than
the WHO recommended air level of 10 ug/m® [36].

The use of trench candles during the Russian—Ukrainian war
numbers in the thousands. Alongside mass smoking, this identi-

fies the corresponding category at the high-risk population group
and could increase the cancer incidence among the population
of our country in a few years.

Unfortunately, people will overlook or tolerate the presence
of air pollutants in low concentrations for a long time as they do
not pose an imminent threat to their health.

The authors of the paper recognize that long-term preven-
tion programs are hard to implement, and it is a challenge to
provide all military personnel with protection against airborne
suspended particles and chemical substances at the front line
during high-intensity warfare. It should be noted, however, that
the study on the impact of wartime carcinogens on the military
and civilian Ukrainian population is extremely topical today and
requires the development of a distinct primary and secondary
program for prevention of oncological diseases at the present
moment.

Conclusions

1. During the trench candle burning, suspended particles of
various diameters, including nanoscale ones (from 11.5 nm to
365.2 nm), are released into the indoor air. The maximum particle
number concentrations are detected at 1.5 meters above the
floor level (breathing zone) 3-985 times exceeding background
concentrations before the trench candle use.

2. The composition of ultrafine aerosol generated by the
trench candle burning includes carcinogenic metals, according
to the IARC classification (chromium, cadmium, and cobalt), in
the nanoscale size range, that significantly increases the level
of carcinogenic risk.

3. Extremely high concentrations of airborne suspended
particles of different chemical composition emitted from the
trench candle burning require the use of personal measures to
protect the respiratory tract, eyes, and skin, as well as an efficient
ventilation system should be used wherever available to reduce
the levels of risk for public health impact.

4. Assessment of heavy metal load on the organism of
military personnel and certain categories of civilian population,
medical monitoring of their health and oncological screening
should be built into the national cancer prevention program in
Ukraine after the war.

Prospects for further research. In the future, it is planned
to examine the presence of organic substances in the ultrafine
aerosol from the trench candle (CO, polyaromatic hydrocarbon
compounds) and detect the presence of hexavalent chromium,
a known human carcinogen. Perhaps this will allow to revise the
indications for lung cancer screening in some population groups,
taking into account not only tobacco smoking risks, but also the
facts of exposure to wartime carcinogenic air pollutants, includ-
ing the duration of inhaling toxic smoke from trench candles.
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Merta po6oTH — NpoaHani3yBaTy 4OCBIS 3aCTOCYBaHHS iHTpaonepaLliiHOi OKCUMETPIi A5 OLiHIOBaHHS XWTTE3aaT-
HOCTI AiNSHOK MOPOXHWUCTMX OpraHiB Mig vyac peaniaauii Taktukn Damage Control Surgery (DCS) y nopaHermnx
i3 BOrHenanbHUMM YLIKO[KEHHAMU XMBOTA.

Martepianu i meTopu. Y 76 nopaHeHnx KomGaTaHTIB i3 NPOHUKHUMI BOTHEMANbHUMM YILKOMKEHHSMW KUBOTA
B | pasi DCS BukoHanu iHTpaonepaLiiiHy OKCUMETPIO CTIHOK YLIKOMKEHUX NOPOXHUCTUX opraHiB. Lle aano
3MOry BNPOLOBX KiNbKOX XBUIUH BU3HAYUTM CTaH MIKPOLMPKYNALIT Ta XUTTE3AATHICTD CTIHKA KULLKA AiNSHOK
30HM YLUKOKEHHS! Ta iHLWMX CyMHiBHUX AinsiHok. Y |l dasi DCS iHTpaonepayiitHy OKCUMETPIlo BUKOHYBanm Ans
OLIiHIOBAHHS! XXMTTE3AATHOCTI CYMHIBHUX JiNSIHOK | 3aLLMTUX PaH, | KyKC KULLKK Micnst 0GCTPYKTUBHWX PE3EKLiA.

Pesyabtati. [loBejeHO BUCOKY e(DeKTUBHICTb iHTpaonepaLiiHOi OKCUMETPIT NPy MPOHUKHWX BOTHENAamnbHNX
YWKOMKEHHsX xuBoTa B | dhasi TakTuku DCS. MokasHuk okcureHaLii B 3oHi BUMiptoBaHHs (SpO,) 95 % i GinbLue
CBIYMTb NPO XUTTE3AATHICTb TKAHWH KMLLIKM Ta XOPOLLi yMOBM [Nnst (DOPMYBaHHS aHacTOMO3y ab0 3alLMBaHHS
paH. PiseHb SpO, Bia 89 % [0 95 % CBIAUMTL NPO CYMHIBHY XUTTE3AATHICT CTIHKM KULLKM, @ MEHLUE Hix 89 % —
NpO NOTipLUEHHS MIKPOLMPKYNSALYi Ta BUCOKMIA PUNK PO3BUTKY HEKPO3Y CTiHKM KULLKW. [OBTOpHa iHTpaonepauinHa
okeumetpid B 1l pasi DCS fana amory OLHUTY XUTTE3AATHICTb CTIHOK TOHKOI Ta 006040BOI KMLLIOK, 0BCTPYKTUBHO
3armyLeHnX KyKC TOHKOI Ta 060[40BOI KULLIOK, 8 TaKOX OMTUMI3yBaTh XipyprivHy TakTUKY 3 BUKOHaHHAM NOBTOP-
HWX PE3EKLi CyMHIBHIX | HEXMTTE3AATHIX AiNSHOK TOHKOI Ta 06040BOI KWLLOK. B OCHOBHIN rpyni dhopMyBaHHs
ineoTpaHcBep3oaHacToMosiB 36inbLueHo Ha 14,6 % (p = 0,013), a TpaHcBep3ocurMoaHacTomosis — Ha 9,9 %
(p=0,030). Lle crano moxnueim BHacnigok 06rpyHTOBaHOI BiAMOBM Bif, (hOpMyBaHHS KiHLIEBUX CTOM. B 0CcHOB-
HiN rpyni ineocTomMmn He opMyBany, y rpyni NOPIBHAHHSA BOHU cchopMoBaHi Y 5,8 % nopaHeHnx. PopmyBaHHs
KONOCTOM Takox 3meHLueHo Ha 17,7 % (p = 0,008). MocnigoBHe 3acTocyBaHHs iHTpaonepaLiiHOi OKCUMETPIT B
| Ta Il dpasax Taktuku DCS gano 3mory onTuMisyBaTy XipyprivyHy TakTUKY, LLO CPUSNO 3MEHLLEHHIO PO3BUTKY
ycknagHeHb B OCHOBHIN rpyni Ha 12,4 % (p = 0,007).

BucHoBku. [HTpaonepaLliiiHa OKCUMETPISi NP BOTHENAIbHNX YLUKOMKEHHAX MOPOXHUCTUX OpraHiB XuBoTa
HICTb) y CTIHLi MOPOXHMCTOrO OpraHa i ONTUMI3yBaTK XapakTep XipypriyHoro BTpyyaHHs B | dasi Taktukn DCS.
IHTpaonepauintHa okcumeTpia B Il dasi DCS pae 3mory BU3HaUUTV CTaH MIKPOLMPKYMSLii B 30HaX 3alnTux
YLIKOKEHb KWLLIKU, KYKC KULLKW NiCNSt OBCTPYKTUBHUX PE3EKLIilA 3i 30iNbLLIEHHSM KinbKOCTi BUNaaKis hopMyBaHHs
MIXXKMLLKOBMX aHAaCTOMO3iB, @ TAaKoX 3anobirTi pO3BUTKY yCKNaaHEHb.

CyuacHi mepuuHi TexHoAorii. 2024. T. 16, Ne 3(62). C. 175-182

Intraoperative oximetry of hollow organs in case of gunshot injuries of the
abdomen

I. V. Sobko

The aim of the study is to analyze the application of intraoperative oximetry for assessing the viability of hollow
organ segments during the implementation of Damage Control Surgery (DCS) in patients with gunshot abdominal
injuries.

Materials and methods. Intraoperative oximetry of the walls of damaged hollow organs was performed in 76
wounded combatants with penetrating gunshot wounds to the abdomen in phase | of DCS, that allowed to
determine the state of microcirculation and the viability of the intestinal wall of the injured and other doubtful
areas within a few minutes. In phase Il of DCS, intraoperative oximetry was performed to assess the viability of
questionable areas of both sutured wounds and intestinal stumps after obstructive resections.

Results. The high efficiency of intraoperative oximetry in penetrating gunshot injuries of the abdomen in phase
I of DCS tactics has been proven. The oxygenation rate in the SpO, measurement zone of 95 % and above
indicates the viability of intestinal tissue and good conditions for anastomosis formation or wound suturing. The
SpO, level from 89 % to 95 % indicates the questionable viability of the intestinal wall, and below 89 % — the
deterioration of microcirculation and a high risk of intestinal wall necrosis development. Repeated intraoperative
oximetry in phase Ill of DCS made it possible to assess the viability of the walls of the small intestine and colon,
obstructive stumps of the small intestine and colon, and to optimize surgical tactics with repeated resections of
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suspicious and non-viable areas of the small intestine and colon. In the main group, the formation of ileo-transverse
anastomoses increased by 14.6 % (p = 0.013), and transverso-sigmoanastomoses — by 9.9 % (p = 0.030). This
became possible due to the reasoned refusal to form terminal stomas. In the main group, ileostomies were not
formed, and in the comparison group they were formed in 5.8 % of the wounded. At the same time, colostomies
formation was also reduced by 17.7 % (p = 0.008). The consistent use of intraoperative oximetry in the phase |
and Ill of the DCS tactics made it possible to optimize the surgical tactics, which led to a decrease in complications
in the main group by 12.4 % (p = 0.007).

Conclusions. Intraoperative oximetry for gunshot injuries of the abdominal cavity is a simple, fast and effective
method that allows to determine the state of microcirculation in the wall of the hollow organ (its viability) and
optimize the nature of surgical intervention in phase | of DCS tactics. Intraoperative oximetry in phase IIl of
DCS allows to determine the state of microcirculation in the areas of sutured intestinal injuries, intestinal stumps
after obstructive resections performed in favor of the formation of inter-intestinal anastomoses and prevent the

development of complications.

Modern medical technology. 2024,16(3):175-182

MicnsionepaLifHi ycknagHeHHs € ofHiEto 3 ronoBHUX Npobrem
Cy4acHol Xipyprii, a ix npodinaktuka — BaxnmBa CKMagoBsa i
MIAHOBWX, W YPreHTHUX XipypriYHnX BTPyYaHb.

Y nopaHeHux i3 BOrHenamnbHUMU YLLIKOIKEHHAMU XIUBOTa
(BYXK) xipypriuHi BTpy4aHHs Ha MOPOXHUCTIX OpraHax YepeBHOI
nopoXHWHK (YIM) cynpoBOMKYIOTHCS 3alUMBAHHAM paH, pesek-
LiEr YLWKOMKEHNX AiNSHOK, (hOpMyBaHHSAM aHacTOMO3iB abo
KiHLieBMX CTOM. 3a3HauMMO, LLIO BKPa BaXMMBUM MUTAHHSAM ANS
ONTUMI3aLLT XipypriYHOT TaKTUKW € BUSHAYEHHS XUTTE3AATHOCTI
YLUKOMMKEHNX i TUX, L0 PO3TALLOBaHI NOPYY, LifIIHOK MOPOXHM-
cTvx opraHis [1].

|[HTpaonepaLiiHO XWTTE30ATHICTb CTIHKM KULLKW Xipypru, SK
MpaBuno, OLiHIoKTL ad oculus 3a TakuMK KpUTEPISMU, SiK Brinck i
KOmip cepo3HOi 0BOMOHKY CTiHK KULLIKW, HASIBHICTb NEpUCTamNbTAY-
HWX pyXiB, NynbcaLii Me3eHTepianbHUX CyauH i KPOBOTEM i3 30HM
YLLKOZKEHHS ab0 po3piy. BTiM, Take oLiHtOBaHHS € Cy0 €KTUBHUM,
I'PYHTYETLCS NepeayciM Ha ocobuctomy [ocBigi Xipypra [2].

[TOMWITKM MaKpPOCKOMIYHOMO OLLHIOBAHHS KUTTE34ATHOCTI
CTIHKM KWLIKW NPU3BOAATL B NicnsionepauinHomy nepiogi 4o
YCKINaaHEeHb, SIK-OT HEKPO3Y KULLKOBOI CTiHKW, PO3BUTKY HECTPO-
MOXHOCTI 3aLUMTKX NOpPaHEHb KWULUKOBOI CTiHKW, CHOPMOBaHMX
aHacTOMO3iB Ta CTOM, L0 CTaE OCHOBO AJ1S1 YTBOPEHHS BHY-
TPiLUHbOYEPEBHMX abCLECIB, BHYTPILLHIX, 30BHILLHIX HOpPULD i
HabINbLL 3arpo3nMBOro YCKINaAHEHHS — NEPUTOHITY. Lle cyTTeBO
00TsKyE nicnsionepaviiHuiz nepebir i Hepigko NpuU3BOaNTL A0
netanbHWX Hacnigkis [3].

BigTak Bkpail BaxnuBe 3HAYEHHsS Mae iHTpaonepaLinHe
BU3HAYEHHS XWUTTE3AATHOCTI YLIKOMKEHNX TKAHUH, SIKi Xipypr He
MOXe BidyanisyBaTu MakpockoniyHo ad oculus. binbLuicTb MeTo-
JVK, 5IKi NS LIbOrO BUKOPUCTOBYHOTh, I'DYHTYIOTHCS HA BUSHAYEHHI
CTaHy MIKpOLWPKyNsLii TkaHWH opraHa [2,4,5]. Y pisHi nepiogm
[ANS OLiHIOBAHHS XWUTTE3LATHOCTI AiNSHOK NOPOXHUCTUX OpraHis
iHTpaonepaLifHO 3aCTOCOBYBaNM TPAHCINOMIHALHY aHrioTeH-
30METPIl0, KOHTAKTHY iHTpaonepaLiiHy MikpoCKOMito, nasepHy
JonnepiBcbKy hnoyMeTpito, ynbTpassykoBy fornneporpadito,
OMTUYHY KOrepeHTHY ToMorpadito Towwo [5,6]. L|i MeToauku MatoTb
BMCOKY €DEKTMBHICTb, OfiHaK NOTpebytoTh cneLjansHoro obnag-
HaHHs1, NEBHOrO Yacy i 4ns NigroToBKY, | ANs iHTpaonepaLinHoro
3aCTOCYBaHHS, L0 € HENPUIHATHUM Y HEBIAKNaAHIN Xipyprii, 1
nepenycim y BiNCbKOBO-NOMbLOBIN Xipypril.

OgHieto 3 cyyacHWX ONTUMArbHUX METOAMK iHTpaonepa-
LINHOTO BU3HAYEHHS KUTTE3AATHOCTI CTiHKA MOPOXHUCTOrO

opraHa Ta MpOrHO3yBaHHS CMPOMOXHOCTI KpaiB 3alUMTUX paH,
JINSHOK KnLkW Ans opMyBaHHS abo chOpMOBaHNX MiKKMLLI-
KOBWX aHaCTOMO3iB CTana iHTpaonepavjiHa okcumeTpist. 3a ii
[O0MOMOTOI0 BU3HAYalOTb HACUYEHICTb reMOornobiHy KUCHEM Y
LiNSHUi Tina, SKy OOCHIMXKYHOTh, i Y TakuiA CNocib OLHIOKTL CTaH
MIKpOLMpKyNsiLii y 30Hi BUMiptoBaHHs [6,7,8,9]. [Ins Lboro Buko-
PWCTOBYIOTb CneLianbHUA MpUnag — NynbCOKCUMETP, MPUHLMM
pobOTK SKOrO Nonsrae y TPAHCMICIVHIN cnekTpoOTOMETPI, Lo
I'PYHTYETLCS HA BUKOPUCTAHHI PI3HUX ONTUYHWX BNACTUBOCTEN
OKVCHEHOTO Ta BigHOBMEHOrO remornobiHy. [leTanmio cy4acHoro
nynbCcokcuMeTpa € fatuuk [hx. Knapka, skui npukpinmionTb Ha
BignoBigHy YacTtuHy Tina [7,9].

30r0T1M CTaHAAPTOM Nif Yac HagaHHs XipypriYHoi Lonomoru
MopaHeHNM Y BiliCbKOBMX KOHAIiKTax BBaXatoTb TakTuky Damage
Control Surgery (DCS) [10,11], wo cknagaeTbes 3 Tpbox as. Y
| basi DCS 3alumBatoTb paHy y Mexax XWUTTe3naTHux AinsHoK,
BUKOHYIOTb OOCTPYKTMBHI peseKLii HeXWUTTE3AaTHNUX AiNsSHOK
3 00r'pyHTOBAHO BiMOBOIO Bif HEBIAKNAAHOMO BMAANEHHS
YMOBHO CYMHIBHUX LiISIHOK MOPOXHWCTOrO opraHa. OcTtatouHe
PiLLIEHHS! LLOAO TaKMX AiNSHOK MOXHA yXBarnuTu y CTpok 1o 48 rog,
nig vac peanisauii lll asu Taktukm DCS, nicnsi nepebyBaHHs
MOPOXHWCTOrO OpraHa B KOMPOPTHUX, «MPUPOSHMX» 411 HBOTO
YMOBaX TUMYaCcoBO «3akpuToi» Ul Ta NOBTOPHOI OKCUMETPIi Liiel
BiNSHKY MOPOXHUCTOTO OpraHa.

Merta pobotu

[NpoaHaniayBaTi AOCBIA 3aCTOCYBaHHS METOAMKM iHTpaone-
paLiiHOi OKCUMETPIT ANs OLHIOBAHHSA XUTTE3OATHOCTI AiNAHOK
MOPOXHMCTWX OpraHiB nig yac peanisauii Taktukn DCS y nopa-
HeHuX i3 BYXK.

Marepianu i MeToAM AOCAIAKEHHA

Y | ¢asi Taktukn DCS Anst BU3HAYEHHS XUTTE3QATHOCTI
YLWIKOZYKEHOI KULLKY Ta MPodhinakTyKm micnsionepaviiHnx ycknag-
HEeHb 3aCTOCOBAHO METOAMKY iHTpaonepaLiiHoi OKCUMETPIT y
76 (100 %) nopaHeHux kombataHTie 3 BYX, ski Bynm rocnita-
nisoBaHi AN nikyBaHHs y nepegosint xipypriyuin rpynmi (MXI)
BiCbKOBOrO MOGinbHoro rocnitanto (BMI) — Il piBeHb MegnyHoro
3abe3neyeHHst (PM3). [Jo rpynu nopiBHsHHS 3amyunnu 87 nopa-
HeHux, siki Oynm rocnitanizosaxi y MXI BMI™ 1o BnpoBagXeHHs
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Tabauus 1. Xapakrep yLKOAXEHb OpraHiB YepeBHOI MOPOXHUHW y rpynax

YiwkomkeHui opraH OcHoBHa rpyna, n = 76 Ipyna nopiBHAHHSA, n = 87 x? Pearson, p
n % n %

Hiacpparma 9 1,8 14 16,1 0,437
MeviHka 10 13,2 14 16,1 0,598
CenesiHka 10 13,2 10 11,5 0,747
MigwnyHkoBa 3ano3a 4 53 8 9,2 0,338
YKoB4HWi Mixyp 1 1,3 6 6,9 0,080
LLinyHok 4 53 7 8,0 0,480
[lBaHaguaTMNana kuLwka 2 2,6 7 8,0 0,131
ToHKa KuLLKa 57 75,0 68 78,2 0,634
OBopnoBa Ta nNpsiMa KALLIKK 54 711 78 89,7 0,003#
Hupka 9 1,8 17 19,5 0,181
CeuoBuii Mixyp 3 39 6 6,9 0,411
CyauHn 3a04epeBrHHOrO NPOCTOPY 1 1,3 4 4,6 0,225
3aovepeByHHa 11 Ta3oBa reMatoma 26 34,2 32 36,8 0,732

#: i3HULLA CTATUCTUYHO 3HauvyLwa (p < 0,05).

METOAWMKM NPSIMOT OKCUMETPIi. Bci nopaHeHi — kombaTaHTy Yoro-
BiYOI CTaTi 3 NPOHWKHUMM BYX Ta yLIKOZXEHHAMM NOPOXHUCTUX
opraHiB. CepefHiit Bik MOPaHEHUX B OCHOBHIN rpyni CTaHOBWB
37,4 £ 8,3 poky, y rpyni nopiBHsHHA — 37,5 £ 10,2 poky (p = 0,946).

Kputepii BUKIMIOYEHHS 3 4OCTIDKEHHS — HECYMICHI 3 XMUTTAM
nopaHeHHs!, NOEAHaHI MPOHWKHI MOPaHEHHS! rornoBY Ta XWBOTA,
CMepTb NopaHeHoro B nepiog Bia 1 Ao 10 obw Big Hacniakie, He
MOB’A3aHUX i3 NopaHeHHaM oprais Y.

B ocHoswii rpyni 8 (10,5 %) oci6 oTprmanu kynboBe nopa-
HeHHs, 68 (89,5 %) — ockonkose; y rpyni nopiBHsHHS 9 (10,4 %)
oci6 otpumanu kynsoBe i 78 (89,7 %) — ockonkose (p = 0,969).
Ha pisHux cTagisx woky rocnitanizosaHo 30 (39,5 %) nopa-
HeHuX OCHOBHOI rpynu Ta 40 (46,0 %) ocib rpynu NOPIBHSAHHS
(p=0,403).

TSKKICTb CTaHy NOPaHEHX OLIHWMW 3a JOMOMOIOK) LUKasH
TshkkoCTi AdTS [12], 3a koo B TshkkomMy cTai Ha Il PM3 rocniTa-
nisoBaHo 59 (77,6 %) nopaHeHnx 0CHOBHOI rpyn Ta 65 (74,7 %)
0cCib rpynu NOpiBHSAHHS, y BKpal Tshkkomy cTaHi — 17 (22,4 %)
nopaHeHux B OCHOBHIN rpyni Ta 22 (25,4 %) — y rpyni nopis-
HaHHS (p = 0,663). [30nboBaHi npoHuKkHI BY2K B OCHOBHIN rpyni
piarHoctoBaHo B 11 (14,5 %) nopaHeHux, y rpyni NOPiBHAHHS
-y 24 (27,6 %). MNoenHaHi yLIKOMKEHHS KMBOTa Ta iHLUMX aHa-
TOMO-(hyHKLiOHamNbHNX AiNsHOK (Big 2 40 5) B OCHOBHIl rpyni
BusiBunu y 65 (85,5 %) ocib, y rpyni nopisHsHHS —y 63 (72,4 %)
nopaHexux (p = 0,042).

Y BCix nopaHeHnx 060X rpyn AiarHOCTOBAHO YLWIKOMKEHHS
BHYTPILLHIX opraHiB Y1, xapakTep skux HaBefeHo B mabnuui 1.

CepepHin yac Big MOMEHTY MOpaHeHHs A0 NoyaTky Xipyp-
riYHoro BTpyYaHHs ctaHosmB 10,2 + 1,5 rof B OCHOBHII rpyni Ta
6,35+ 2,75 rog — y rpyni NOPIBHSHHS.

IHTpaonepaLjinHy OKCUMETPIKO 3aCTOCYBaNN AN yXBaneHHs!
PILUEHHS LIOAO BUKOHAHHSA ONTUMAnbHOro obesary XipypriyHoro
BTpYYaHHs.

[ns 06’ekTMBI3aLLi cTaHy MOPOXHUCTUX OpraHiB BUKOPUCTa-
nm nynecokeumeTpu Bistos BT-710 (Lifebox) Ta G1B (Heaco),
[aT4MKN SKMX BCTAHOBMIOBANM Ha PisHi AiNSHKN MOPOKHNCTOrO
opraHa fns BUKOHaHHA OKcuMeTpii. NonepeaHbo npunaam
crepuniayBanm 96 % cnmpTom Tpudi, Hagani 36epiranu B napa-
¢hopmarniHoBii kamepi.

MeToauka npsmol iHTpaonepaLinHoi NynbCOKCUMETPIT Npo-
CTa, [ae 3MOry BMPOAOBXK KIrbKOX XBUMMHW BAMIPSTU Hanpyry
KUCHIO, @ OTXe i CTaH MIKpOLMPKYNALi B TKAHUHAX CTiHKW KULL-
KOBOI TPYOKM y AiNsHUi, Ska LikaBuTb. ig yac 3acTocyBaHHs
METOZMKY OPIEHTYBANMCh Ha Taki MokasHIku: piseHb SpO, =95 %
i BULLE CBIAYNTb NPO HaZiHY XUTTE3AATHICTb TKAHWH KULLIKA Ta
XOpOLLi YMOBW 411 (hOpMYBaHHS aHacTomMo3y abo 3alumBaHHS
paH; piseHb SpO, Big 89 % A0 95 % — MPO YMOBHO CyMHIBHY
KWTTE3OATHICTb TaKOi AiNSHKM 3 MOXIUBICTIO BifHOBMEHHS
MIKpOLWMPKYNALii y Kaninspax nicns 3aBepLUeHHs Cna3my, Lo BU-
HVKaB BHaCNigOK MOMNEKYNAPHOro CTpyCy Nia et yaapHoT Xauni
(KOHTY3isA CTiHKW KnLKK); piBeHb SpO, Hmkye Hix 89 % caigunTb
Mpo pi3ke MOripLLIEHHs! MIKPOLMPKYMALT B 30Hi BUMIPIOBaHHS Ta
PO3BUTOK HEKPOTUYHIX SIBLL Y CTiHLL KuLukm [9].

CTaTUCTMYHO pesynbTaTh onpaLoBany 3a AOMOMOro
naketa ctatucTuyHoro aHanisy Stata 12.1 (Serial Number:
40120578442). OnmcoBy CTaTUCTUKY HABELEHO SIK CEpefHe
apuMETUYHE Ta CTaHOAPTHE BiAXUMEHHS AN KifbKICHUX
nokasHukie — M (SD), sik abcontoTHi Yucna Ta BigCoTkM — Ans
AKICHUX NapameTpiB. [N NOPIBHAHHS KiNbKICHWX NapaMeTpis
MDX rpynamu nicns oLiHoBaHHS BiANOBIAHOCTI 3aKOHY HOpMarb-
HOTO PO3MOAisY AaHWUX BUKOPUCTaHO KpuTepii MaHHa—BiTHi. [ns
OLHIOBAHHS 3HaYyLLOCTi Pi3HULI 38 pO3Noinamm sKiCHUX 03HaK
BUKOpUCTan Kputepin X2 MipcoHa Ta TouHMI kpuTepii ilepa
npy Manin KinbKoCTi cCnoCTEPEKeHb Yy Niarpynax (MeHLUe Hix 5).
Pi3HML0 MK NOKa3HWKaMW BBaXanm CTaTUCTUYHO 3HAYYLLOH
npu p < 0,05.
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Puc. 1. OKCUMETPI AINIHKM YLIKOAXEHOT KULIKA. @iy 30Hi MPOHWUKHOTO BOTHENAALHOTO YLIKOAXEHHS TOHKOI Kuwwku (Sp0, = 96 %);
6: Ha BiACTaHi 2 CM BiA 30HM YWKOAXEHHS (SpO, = 99 %). Kuwka XuTTE3AaTHa. BUKOHaAM XipypriuHy 06poGKy KpaiB paHy KWWK 3 HacTyn-
HUM 3aLUMBAHHAM 2-pAAHUM LWBOM B 3/4 3a 0. MeAbHWKOBUM. Ticas cTabinizaLlii cTaHy 3AIMCHUAK €BaKyaLlito CaHITapHUM TPAHCMIOPTOM
nocAiaoBHo Ha Il Ta IV piBHI MeanuHoro 3abeaneueHHs. MicasonepalliiHuin nepioa 6e3 YCKAAAHEHb, OAYXaHHS.

Pe3yabtatu

XipypriuHi BTpyYaHHs Ha |l PM3 3gilicHunm B mexax | asm
TakTukn DCS B 060X rpynax, a iHTpaonepaviitHy OKCUMETPItO
3actocyBanu y Bcix 76 (100 %) nopaHeHnx OCHOBHOI rpynu.

Y pasi yLKompKeHb TOHKOT Ta/abo 06040BOI KMLLIK MOCAIBOBHO
3AiNCHIOBaNM BUMIPIOBaHHS, MOYMHAt0YM Bif KpaiB BOrHenansHoi
paHu KULLIKW 3 KDOKOM 10 2 CM, LLIO BUSHAYEHO LLMPUHOK AaTumka.
Lle gaBano 3mory BUSIBUTM XUTTE3AATHI 30HM Ha MiHIManbHIN
BigCTaHi Big MiCLI NOPAHEHHS 3 3aLUMBAHHSAM YLLUKOZKEHb KULLIKY.
[Npn KpaloBKX YLUKODKEHHSAX AINSHOK KWLWKX Taka iHTpaone-
pauifiHa TakTMKa fgana 3mory 3awuTu paHy abo cdopmysaTu
aHactomo3 B 3/4 3a O. MenbHukoBuM (puc. 1).

FAKLLO BASIBNISANW O3HAKM NOFiPLUEHHST MIKPOLMPKYNALil B CTiHL
KWLLKM Ta 32 HasiBHOCTi HEKPOTW30BaHMX TKaHWH, iX BUCiKanu, Bu-
KOHyBanu pe3eKLiii AinsHOK KMLLKM 3 (hOpMyBaHHSIM aHaCTOMO3iB
ab0o 3pjficH0BanM 00CTPYKTUBHI Pe3eKLii 3anexHO Big cuTyaLlii.

XapakTep XipypriyHux onepauin B mexax | ¢asu TakTukm
DCS y rpynax nopiBHsiHHS! HaBeAeHO B mabnuyj 2.

3a HeoDXigHOCTI B YMOBHO CyMHIBHMX L0 XXUTTE3AATHOCTI
LiNsHKaX KWWK pe3ynbtaTi BUMIpoBaHHS (hikcyBanm, akLeHTo-
BaHO NepesaBany Xipypram HacTYMHOro eTany Ans yXBaneHHs
PILLEHHS LLOAO MiKyBanbHOI TaKTUKK Hadani (puc. 2).

MMicns BUKOHAHHS XipypriYHWX onepaLin y Mexax | dasu
TakTuk DCS Ha Il PM3 Bci nopaHeHi eBakyinoBaHi Ha HaCTyMHWI
PM8. Mig yac eBakyalii Bxunu 3axogis 3i ctabinisaLii 3aransHoro
cTaHy B 06¢si3i Damage Control Resuscitation (Il hasa Taktukm
DCS). Ha lll PM3 nicnsi cTabiniai 3aranbHoro CTaHy BipogoBk
24-48 rop yci nopaHeHi npooneposaHi B mexax |l dasm DCS
(mabn. 3).

Mig vac BukoHarHs Il chasn TakTmkn DCS iHTpaonepauiiHy
OKCYMETPIt0 KALLKW 3AIMCHANM B 26 (34,2 %) KniHiYHWX crocTe-

PEXEHHSIX AMNsl KOHTPOIMKO paHillie 3aLUMTUX YLLIKOMKeHb, cdop-
MOBaHWX aHaCTOMO3IB i B 30Hi MPOKCUMAsIbHOI, AMCTaNbHOI KYKC
0BCTPYKTUBHO PE3EKTOBAHIX AiNSHOK KLLKW nepez, popMyBaHHAM
MiXKULLIKOBWX aHacTOMO3iB. CTaH MIKpOLMPKYNALLT TKAHWH CTiHKM
KWLLIKV BU3Ha4anu Ha BigcTaHi 40 6-8 cM i3 Kpokom 2 ¢M, NoYmHa-
touy Big, OOGCTPYKTMBHO 3armyLUEHX KiHLIB. Y 2 COCTEPEXEHHSIX
MpW paHiLLie chopMOBaHIIX EHTEPO-eHTEpO- (1) Ta ineoTpaHcBep3o-
(1) aHacTOMO3ax BCTAHOBWIMN 3HUKEHHS MOKA3HMKA OKCUreHaLli
SpO, o 86 % Ta 78 % signosigHo. Lle cBiguMno npo 3HauHy
HEeOOCTaTHICTb KPOBOOGIry B TKaHWHAX CTIHKM KWLLKM Ha LibOMY
PIBHi 3 BUCOKOKO MMOBIPHICTHO PO3BUTKY HEKPO3Y KULLIKI Ta HECTPO-
MOXHOCTi aHacTomo3y. Taki aHacTomMo3u noTpelyBanu pesekwji
3 NOBTOPHUM (DOPMYBAHHSIM BIAMNOBIAHO eHTEpo-eHTEpPO- (1) Ta
ineoTpaHcBep30- (1) aHAaCTOMO3Y B MEXaX KUTTE3AATHUX TKAHWH.

Mig yac iHTpaonepaLiiHOro KOHTPOMHO TPLOX PaHiLLE 3aLLMTIX
YLIKOKEHb TOHKOT KULLIKU Ta ABOX PaHiLLe 3aLUMTUX YLIKOMKEHD
000/10BOi KMLLIKM 3achiKCOBAHO Pi3ke 3HIMKEHHS OKCUreHaLlii Tka-
HWH y AinsHKkax copmoBaHux LWBiB Ao 84-92 %. 3acTocyBaHHs
Mpun LbOMY anbTepHaTUBHOMO METOAY, a came 6e3KOHTaKTHOI
Tepmorpadii, NiATBepANUNO CYMHIBHY XUTTE3LATHICTb CTIHKM
KWLLKM Y LA ginsHui. Tomy HeoBxigHo Byno BUKOHaTK pesekLito
LMX AiNsHOK i3 HacTyMHUM POpMyBaHHSIM EHTEPO-EHTEPOAHACTO-
Moy «6ik y 6ik» (n = 3) anapaTHUM cnocoboM i3 3aCTOCYBaHHSAM
NiHinHWX ctennepi. g Yac BUKOHAHHS PE3eKLii HEXXMTTE3RATHUX
JinsiHOK 06010BOI KULLKW B OBHOMY KIiHIYHOMY CMOCTEPEXEHH
chopMOBaHO ineoTpaHcBep3oaHacTomo3 «Bik y Bik», B ogHOMY
BMNaZKy BUKOHaHa OBCTPYKTUBHA Pe3eKList 3 BUBEAEHHAM KiH-
LIeBOI KOOCTOMM.

Y TpbOX MOpaHeHuX, onepoBaHux 3a Taktukoto DCS, nicns
BUKOHAHUX OOCTPYKTUBHMX PE3eKLii Nig Yac iHTpaonepawiiHoi
KOHTPOIBHOT OKCUMETPIi nepen opMyBaHHSIM aHacTOMO3y
y [BOX BUNafKax BUSIBNEHO 3HWKEHHSI OKCUreHallii B CTiHLi
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Tabauusa 2. Xapaktep onepalii Ha NOPOXHUCTUX opraHax B | dasi Taktuku DCS

OpraH XapakTep onepauii OcHoBHa rpyna, n = 76 I'pyna nopiBHsiHHA, N =87 | x? Pearson, p
n % n %
ToHKa KuLLIKa 3allMBaHHS KMLLKM 9 11,8 24 27,6 0,013*
OBcTpyKTMBHA pe3ekuis 45* 59,2 57%* 65,5 0,407
Pesekuis Ta aHacTomo3 3 4,0 2 2,3 0,543
Ob6oaosa 3aluMBaHHS KMLLKM 6 79 9 10,4 0,589
Ta npsiMa KuLuka i
3awumBaHHs Gpui 10 13,2 13 15,0 0,744
OB6CTpyKTMBHA pe3eKLis 45 59,2 51 58,6 0,939
ab0 remikonekTomisi
6e3 hopmyBaHHsI aHaCTOMO3y
[MpaBobivHa remikonexkToMis, 1 1,3 - - 0,283
ineoTpaHcBEP30aHacToMO3
Pesekuis Ta konoctoma 2 2,6 3 3,5 0,763
LLnyHok 3allmBaHHs WNyHKa 4 5,3 7 8,1 0,480
[BaHapusTMnana | 3allmBaHHs ABAHAALATMNAMNOI KULLKM 1 1,3 5 58 0,134
KLLKa
LinpkynsipHuin aHacToMo3 1 1,3 2 2,3 0,641

*1 peseKLis 2 AiNHOK — 4 CNOCTEPEXEHHS:; **: pe3ekuis 2 AinsHOK — 5 CnocTepexeHb, 3 AiNSHOK — 1 CIOCTEPEXEHHS;

#: i3HULLA MiX rpynamu cTaTUCTUYHO 3HadyLwa (p < 0,05).

Tabauus 3. Xapaktep onepaiit Ha nopoxHuctux opraHax B Il ¢asi DCS Ha Il piBHi MeanyHoro 3abeaneyeHHs

OpraH XapakTep onepalji OcHoBHa rpyna, n = 76 Ipyna nopiBHsiHHA, N =87 | x* Pearson p
n % n %

ToHKa kuLLKa EHTepo-eHTepoaHacToMo3 40* 52,6 47** 54,0 0,859
Pesekuist kykeu, 2 2,6 2 2,3 0,891
€HTEPO-EHTEPOAHACTOMO3
PesexList 3aLMTOI AiNSHKMA KALLKK, 3 4,0 2 2,3 0,543
€HTEePO-EHTEPOAHACTOMO3
Pesekuis aHacTomoay, 1 1,3 - - -
€HTEePO-EHTEPOAHACTOMO3
KiHueBa ineoctoma - - 5 58 -

0O6o10Ba KuLLKa MpaBobiyHa remikonekTomis (pesekuis), |2 2,6 3 35 0,763
ineoTpaHcBEP30aHacToOMO3
IneoTpaHcBep3oaHacTomMo3 19 25,0 9 10,4 0,013*
TpaHcBep3ocUrmMoaHactoMo3 1 14,5 4 4.6 0,030*
KiHueBa kornocToma 1 145 28 32,2 0,008*
Pesekuis 3aLmTol AinsHKM KULLKK, 1 1,3 1 1,2 0,923
kornoctoma
Pesekuis Kykcu, konoctoma 1 1,3 - - -

LLinyHok - - - - - -

[BaHaguatunana | lFacTpoeHTepoaHacToOMO3 - - 1 1,2 -

KuLLKa

*1y 4 CIOCTEPEKEHHSIX — 2 aHACTOMO3U; **: 'y 5 CNOCTEPEXEHHSX — 2 aHACTOMO3K, B 1 cnocTepexeHHi — 3 aHacToMoaw;

#: pi3HNLS CTaTUCTUYHO 3HaYYLLa.
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Puc. 2. OKCUMETPIA NpK BOrHENAALHOMY YLIKOAXEHHI TOHKOT KuLKK ~ SPO, = 94 %, TO6TO AIAAHKA KMLLKK 3 03HAKaMIU MOAEKYAAPHOTO
CTPpYCY Ha MeXi OLliHEHA AK «CYMHIBHO XUTTE3AATHA; 3ALLMAM YLLIKOAKEHI AIANIHKM KULLIKK, MOpaHeHoro eBakyimoBaHo Ha Il piBeHb Meany-
HOro 3abe3neyeHHs 3 aKLIEHTOBAHOI aAPECHOI nepeaayeto iHdopmadii. Mia yac NoBTOPHOTO BUMIPtOBaHHSA BiU3HAueHO SpO, = 96 %,
AOLliAbHA 0praHo3bepirabHa TakTMka, 3a AaHUMM AMHAMIYHOTO BUMIPpHOBaHHA SpO,,.

Puc. 3. Oxcumerpis B Il dpasi DCS ard BU3HAUEHHS MiKPOLMPKYAALLT nicAs 06CTPYKTUBHOT pe3ekLii 060A0BOT KULLIKK. Kykca XUTTE3AATHA.

Tabanua 4. XapakTep xipypriunux onepalliit 8 Il ¢pasi DCS 3arexHo Bia nokasHmkis SpO,

XapakTep xipypriusux onepauii y | pa3i DCS, n | Okcumertpis SpO, | Xapakrep Xipypriunux onepauin y lll pasi DCS
B lll pazi DCS, n, % 3anexHo Big nokasHuka Sp0,, n

OBCTpyKTMBHA PE3eKList TOHKOI KULLKM 45* 14 (31,1 %) >95 EHTEpo-eHTepoaHacToMo3 16**
88 Pe3sekuis kykcu, eHTepo-eHTepoaHacToMo3 | 2
80

O6cTpyKTMBHA pesekLis 006080BOi KMLLKM 45 7 (15,6 %) 84 Pe3sekuis kykcu, konoctoma 1
>95 TpaHcBep3ocMrmoaHactoMo3 3
>95 IneoTpaHcBep30aHacToMo3 3

3allMBaHHS TOHKOI KMLLKM 9 3(33,3 %) 88 Pe3sekujis, eHTepo-eHTEpOaHacToOMO3 3
86
90

3alumBaHHs 06040BOI KULLKK 6 2 (33,3 %) 86 Pesekuis, ineotpaHcBEp30aHacTOMO3 1
84 Pesekujisi, konoctoma 1

IneoTpaHcBep3oaHacTomMo3 1 1(100 %) 78 Pesexujs, ineotpaHceep3oaHacTomMos 1

EHTepo-eHTepoaHacToMo3 3 3(100 %) 86 Pe3sekuis, eHTepo-eHTepoaHacToMo3 1
>95 Pesisist aHacTomosy 20

3aranom 109  |30(27,5 %) 34

*1y 4 CNOCTEPEXEHHSX — 2 AINAHKY; **:y 4 CNOCTEPEXEHHSX — MO 2 EHTEPO-EHTEPOAHACTOMO3W; ***: nia Yac peBisii Ta OKCMMETPIi CTaH CHOPMOBAHMX EHTEPO-EH-
TEpOaHacTOMO3iB 3a[0BIMbHNN.

180 Modern medical technology. Volume 16. No. 3, July - September 2024 ISSN 20729367



OpwuriHanbHi pochipkeHHs / Original research

Tabauus 5. XapaktepucTvka yCkAaAHEHb

XapakTep ycknagHeHHs OcHoBHa rpyna, n =76 [pyna nopiBHsAHHSA, n = 87 x? Pearson, p
n % n %

HecnpomoxHiCTb eHTepo-eHTepOaHacTOMO3y 1 1,3 4 4.6 0,225

HecnpoMoxHicTb LUBIB ABaHAALATUNAMNOI KULLKM 1 1,3 1 1,2 0,923

Hekpoa 3alwmToi AinsHKN TOHKOI KMLLKM - - 1 1,2 -

Hekpos 3awmnToi AinsHkyM 0604080 KMLLKK - - 4 4.6 -

Hekpos 06040B0i KULLKK - - 1 1,2 -

Hekpos konoctomm - - 2 2,3 -

3aranom 2 2,6 13 15,0 0,007*

#: pi3HMLA MiX rpynamy cTaTUcTYHO 3Havywa (p < 0,05).

0OCTPYKTMBHO 3arnyLleHnX AiNSHOK KYKC TOHKOI KWLWKM A0
pieHst 80 % Ta 88 %, B 0fgHOMO navjeHta — 060[0BOI KULLKM
(SpO, = 84 %). Lle 3ymoBMNO HEOBXIAHICTb PE3EKLT HEXUTTE-
30aTHUX GiNSHOK KULLKM 3aBOOBXKM 4—10 cM i3 hopMyBaHHAM
Hapani eHTepo-eHTepoaHacToMosy (n = 2) Ta konoctomu (n=1).

Y 18 cnocTepexeHHsx nig vac iHTpaonepawiiHoro KOHTPO-
N0 0BCTPYKTUBHO 3arnyLUEHNX KYKC TOHKOT Ta 06040BOI KULLIOK
rokasHuKin okcureHavii SpO, craHosunm 95 % i GinbLue (puc. 3).
Lle cBigunno npo 3agoBinbHy MIKPOLMPKYMALLiKO B CTiHLL KLLKW Ta
[ano 3vory copmyBaTi y 12 KIiHIYHUX BUNagKax eHTepo-eH-
TepoaHacToMo3, y 3 — ineoTpaHcBep30aHacToMo3, y 3 — TpaHc-
BEP30CMrMOaHaCcTOMO3.

3aranom y 26 nopaHeHux o6cTexunn 30 AiNsHOK TOHKOI i
TOBCTOI KULLIOK. XapaKTep XipypriYH1X onepaLiin Ha NOpOKHUCTUX
opraHax B Il dasi DCS npu 3actocyBaHHi iHTpaonepawinHoi
OKCUMETPIT HaBegeHo B mabuui 4.

Y nicnsionepaviHoMy nepiogi B OCHOBHIl rpyni YCKNaaHEHHS,
SK-OT HECTIPOMOXHICTb @HaCTOMO3y Ta LUBIB ABaHaAUATMNANOL
KvLwKK 3adbikcoBaHo y 2 (2,6 %) KNiHiYHMX CrIOCTEPEKEHHSX. Y
KOHTPOIBHIN rpyni yCKNagHEHHS!, 30KpeMa HeCTIPOMOXHICTb eHTe-
PO-EHTEPOAHACTOMO3Y, YLUUTUX JiNsSHOK KULLKIBHUK, HEKPO3Y Ains-
HOK KWLLIKIBHUKa, 3adpikcoBaHo B 13 (15,0 %) Bunagkax. 3aranbHy
XapaKTEPUCTVKY BISIBIEHVX YCKINaaHEeHb HaBeaeHo B mabnuui 5.

06roBopeHHA

OTxe, OOCBIA iHTPaoONepaLiiHOro 3acToCyBaHHs NPAMOi
okeumeTpii npu BYXK foBiB ii BUCOKY e(heKTUBHICTb SIK IPOCTOrO,
LUBMZKOIO Y BUKOHAHHI Ta HafinHOMo Cnocoby BU3HAYEHHS MiKpo-
LMPKYNALIT (KUTTE30ATHOCTI) CTIHOK YLLKOMKEHWX MOPOXKHNCTUX
OpraHiB, L0 A€ 3MOTy ONTUMI3yBaTh 0BCST XipypriuHMX BTPYYaHb
y Mexax Taktuku DCS.

AHani3 KniHiYH1X CnocTepexeHb AaB 3MOry I'pyHTOBHO nig-
TBEPAUTH, LLIO:

— nokasHuk okcureHauii SpO, 95 % i BuLe CBigUMTL Npo
HaZiHy XWUTTE3AATHICTb TKAHWH KWLLKM Ta XOPOLUi YMOBW ANS
thbopmyBaHHs aHacToMO3y abo 3aLUMBaHHS pakH;

— piBeHb okcureHauii SpO, Bia 89 % [0 95 % csigunTb Npo
YMOBHO CYMHIBHY XUTTE30ATHICTb CTIHKM KULLKW, @ OTKe HeobXia-
HO yXBanuTI 06rPYHTOBAHE piLLeHHS o0 30epiranbHOi TaKTUKN.
Mpwu opraHo3bepiranbHii TakTuui B | dhasi DCS imnepatusom €

afpecHa nepefaya iHcopmaLlii Xipypram HacTynHoro etarny 3
aKLEHTOM Ha KOHTPOIb YLUKOMKEHO! AiNsHKM KWLLKU (MOBTOPHI
BuMiptoBaHHs) nig vac 1l ¢asu DCS Ta yxBaneHHs octaTouHoro
PILUEHHS LLOAO XipypPriYHOi TaKTUKY;

— MOKa3HIK OkcureHaulii CTiHk kuwwkn SpO, MeHLue Hix 89 %
CBiAYMTb MPO CYTTEBE MOTPLLEHHS MIKPOLWPKYNALT B 30Hi BUMIpHO-
BaHHS1 Ta BUCOKWI PU3VK PO3BUTKY HEKPOTUYHIX SIBULL, Y CTIHLL KLL-
ku, LLIO noTpebye HEBIAKNAIHOMO BUOANEHHS HEKDOTUYHMX iNSHOK.

Lli pawi sicTaBHi 3 pesynsratamu, WO OTPUMAaHI B ekcrnepu-
MeHTI [7] Ta nig Yac 3aCToCyBaHHS MPSMOI OKCUMETPIT B MiKyBaHHi
rocTpux 3axsoptoBaHb U1, 30kpema npu rocTpii KULLKOBIN He-
npoxigHocTi [8,9].

MeTomuka iHTpaonepauiiHoi okcumeTpii B | hasi TakTuku
DSC pana 3mory onT1MisyBaTi XxapakTep XipypriYHoro BTpy4aHHst
Ha MOPOXHWUCTMX OpraHax i 3anobirT PO3BUTKY YCKMagHEHb Ha
HacTynHux PM3.

3acTocyBaHHs iHTpaonepauinHoi okcumetpii y Il dasi
TakTkm DCS y nopaHeHux fano 3Mory BU3HauaTu CTaH XuTTe-
30aTHOCTI TKaHWUH CTiHKW KULIKX A Y TaKiA Cocib onTuMisyBaTm
Xapaktep Xipypri4HOro BTpy4aHHsl Npu KOHTPOIi 3aLUMTUX paH i
nicns 0BCTPYKTUBHUX pe3eKwin Ans (popMyBaHHS aHaCTOMO3IB.
B ocHOBHiN rpyni hopMyBaHHs ineoTpaHCcBEP30aHACTOMO3IB
30inbLueHo Ha 14,6 % (p = 0,013), a TpaHCBep3oCcUrMoaHacTo-
mosiB — Ha 9,9 % (p = 0,030). Lle ctano moxnueum BHacnigok
00r'pyHTOBaHOI BiAMOBU Big (hOpMyBaHHS KiHLEBMX cToM. B
OCHOBHIW rpyni ineocToMu He hopmyBanu, y rpyni NOpiBHAHHSA
BOHM ccpopmoBaHi Y 5,8 % nopaHeHux. dopmyBaHHs! KONOCTOM
TaKox 3MeHLueHo Ha 17,7 % (p = 0,008).

[NocnigoBHe 3acTocyBaHHS iHTpaonepaLliiHoi OKCUMETPIi B |
Ta lll hasax Taktukm Damage Control Surgery gano amory ontu-
Mi3yBaTm XipypriuHy TaKTUKY, LLIO CIPUSINO 3MEHLLIEHHIO PO3BUTKY
yCKIagHeHb B OCHOBHIN rpyni Ha 12,4 % (p = 0,007).

BucHoBKuU

1. IHTpaonepaLiiHa OKCUMETPIS NPW BOTHENarbHWX YLLIKO-
[PKEHHSIX MOPOXHMCTUX OPraHiB X1BOTa — NPOCTMIA, LUBUAKUIA Ta
€(eKTUBHUI METOA, KM AA€ 3MOTY BU3HAYATN XKUTTE3LATHICTb
TKAHMWH CTiHKW MOPOXHWCTOrO OpraHa.

2. Y| ¢pasi Taktkm Damage Control Surgery iHTpaonepaLiit-
Ha OKCUMETPIA fana 3MOry YiTKO BU3HAYUTU CTaH XUTTE3NATHOCTI
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TKaHWH CTIHOK MOPOXHUCTUX OPraHiB Ta ONTUMI3yBaTh XapakTep
XipypriYHOro BTPyYaHHs y MOPaHEHNX y Mexax 3allMBaHHS paH
abo BUKOHAHHS 0OCTPYKTUBHWX peaekLiit. Kpim Toro, Lei metog
[aB 3MOry He BMKOHYBaTV PE3eKUi0 OiNSHOK, SKi BUSHAYEHI
Ha MeXi CyMHIBHO XMTTE3OATHUMM, @ YXBantoBaTh OCTaToOuHE
piweHHs nig vac Il daan Taktukn Damage Control Surgery.

3. IHTpaonpepauiitHa okcumetpis y Il dasi Taktuk Damage
Control Surgery fana 3mory KOHTPOMKOBATK CTaH XWTTe3aar-
HOCTI TKaHWH CTIHKM KWLLKW nicns onepauii | dasu, 1y Takui
cnoci6 onTMMi3yBaTV XapakTep XipypriYHOro BTpyYaHHs mig
4ac KOHTPOMIO 3aLUMTKX paH i Nicnst 0BCTPYKTUBHWX Pe3ekLuin
AN (hOpMyBaHHS aHaCTOMO3IB (B OCHOBHI# rpyni (hopMyBaHHS
ineoTpaHcBep30aHacToMo3is 36inbLueHo Ha 14,6 %, p = 0,013;
TpaHcBep3ocurMmoaHacToMmosia — Ha 9,9 %, p = 0,030) BHacni-
[0K 0BrpyHTOBAHOI BiAMOBM Bif, hOPMYBaHHSI KiIHLIEBUX CTOM (B
OCHOBHIl rpyni ineocTomu He chopmyBanu, y rpyni NOPIBHSHHS
cchopmoBaHi B 5,8 % nopaHeHux; (hopmyBaHHs KONIOCTOM 3HU-
xeHo Ha 17,7 %, p = 0,008).

4. TNocnigosHa iHTpaonepaLliiHa okeumeTpis B | Ta lll hasax
TakTkm Damage Control Surgery gana smory onTumisysarty Xi-
PYPriYHy TaKTUKY, CMPUSIBLLIN 3MEHLLEHHKO PO3BMTKY YCKMagHEHb
B OCHOBHI rpyni Ha 12,4 % (p = 0,007).

MepcnekTMBM NOAANBLLLIMX AOCAIAKEHB MONSArAKOTh Y LWMPLLOMY
BMNPOBaKEHHI iHTpaonepaLiHOl OKCUMETPIT B KNiHIYHY NpaKTu-
Ky, MPOOOBXKEHHI BUBYEHHS €(DEKTUBHOCTI il 3aCTOCYBaHHA Ans
DiarHOCTUKY XXMTTE3AATHOCTI TKAHWUH YLIKOIKEHNX MOPOXHUCTUX
OpraHiB Ta OnTUMi3aLi XipypriyHoi TakTuKu y pai 60110Boi TpaBMm
XMBOTA.
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BnAMB OKAIO3iMHO-CTEHOTMUHUX YPa)XKeHb apTepil FONOBH i LMi
Ha METOAM Ta Pe3yAbTaTH XipypriyHoro AikyBaHHS PO3PUBIB
apTepiaAbHUX aHEBPU3M

B. . KomapHUUBKMHDHABEDF M, 0. OproB@LACPEF O, KO, MOAKOBHIKOB( *2AEF
0. €. CKobcbka@LAEF M. B, EACUHUKDTACEF

*AepxaBHa yctaHoBa «IHCTUTYT Helpoxipyprii iM. akaa. A. 1. PomoaaHoBa HAMH Ykpaitu», M. Kni, 23anopisbkuil AepxaBHUit
MEeAMKO-GapMaLEBTUUYHKI YHIBEPCHTET, YKpaiHa

A - KOHUENLiA Ta An3aiH AOCAIAKEHHS; B - 36ip aaHux; C - aHaAi3 Ta iHTepnpeTauisn AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi
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Merta po6oTu1 — npoaHaniaysaTty pesynsTaTy XipypriYHoro flikyBaHHS NaLieHTiB i3 po3puBamu apTepianbHUX aHe-
BPU3M 3a HasiBHOCTi OKHO3iAHO-CTEHOTUYHIX YPaXKeHb apTepiii ronoBu Ta LUK, OLiHUTK BNINB KOMGIHOBAHOTO
YpaxeHHs! Ha BMGip MeToay XipypriYHOro NikyBaHHS.

Martepianu i MeToau. 30iICHUNN PETPOCNEKTUBHIIA aHani3 icTopii XBOPOD NawieHTiB 3 aHEBPU3MATUYHOK XBOPO-
6oto apTepili ronosm Ta Wui, siki nepebysanu Ha nikysaHHi B 1Y «IHCTUTYT Herpoxipyprii im. akag. A. 1. Pomopa-
HoBa HAMH Ykpainuy» y 2006-2022 pp. [Jo ocHOBHOI rpynu 3anyyeHo 63 nauieHTu 3 OKNK3iINHO-CTEHOTUYHAMI
YPaXXEHHAMM apTepiil ronoBy Ta LKi; A0 rpyni NOPIBHAHHSA — 63 naLieHTV 6e3 OKIo3iNHO-CTEHOTUYHUX YPaXKeHb
apTepiii ronosw Ta Lwwi. YCiM XBOPUM 34iNCHUMN KOMMMEKCHE KNiHIKO-IHCTPYMEHTanbHe 06CTEXEHHS i OLiHIOBaH-
HSI HEBPOMOIYHOTO CTaTYCy 3a LUKanamm, XipypriyHe nikyBaHHs npy po3pyBi apTepianbHOi aHeBpr3Mn. AHania
[aHUX BUKOHAMM, BUKOPUCTABLUM CTATUCTUYHI METOAN.

Pesyabratn. OKMIO3iIHO-CTEHOTWYHI YPaXKEHHS apTepill roNoBK Ta LK YacTille BUHUKAIOTb Y YOMOBIKIB, Makcu-
MarbHa pisHNLS 3a BiKOM BusiBNeHa npu cteHo3i 50-75 % (vonosikn — 48,30 + 2,51 poky; xiHku — 62,00 + 5,06
poky, p < 0,01). CTeHO3 apTepill ronoBu Ta LUK YacTiLLe BUSBNSANM NPY po3prBax apTepianbHUX aHeBpraMm cepefi-
HbOT MO3KOBOI apTepii. B 0CHOBHIl rpyni 3achikcoBaHO 5 neTanbHKX BUNaakis, y rpyni nopisHsaHHA — 2 (p = 0,25).

BucHoBku. Po3pyBm apTepianbHUX aHEBPU3M [iarHOCTYHOTb, KOMM € CTEHO3 CepeaHbOi Mo3koBoi apTepii (p < 0,05).
Y nauieHTiB 3 OKMIO3INHO-CTEHOTUYHUMM YPXKEHHSAM apTepiil roNoBY Ta LUKI PO3PUBK aHEBPW3M BUSBMSIOTD Y
cepenHbomy BiLi (p = 0,0001). KombiHaLlisi cTeHo3y 11 aHeBpM3MM ycKNnaaHioe nepebir 3aXxBOproBaHHS Ta Bru-
Bae Ha BMbip xipypriuHoro metoay. MauieHTn 3 KOMBIHOBAHUMU YPAXEHHSIMI MAKOTb BUALLMA PU3MK iLLIEMIYHNX
ycknagreHs (p = 0,03). OCHOBHI hakTopy pU3NKy — OKMHO3INHO-CTEHOTUYHI YPaXKEHHS apTepiit ronosu Ta Lwwi,
MOBTOPHI KPOBOBWIIMBM Ta MACKBHI BHYTPiLLHbOYEPENHi KPOBOBUIMBN.

CyuacHi meauuHi TexHoAorii. 2024. T. 16, Ne 3(62). C. 183-189

The influence of occlusive-stenotic lesions of the arteries
of the head and neck on the methods and results of surgical treatment
of ruptured arterial aneurysms

V. P. Komarnytskyi, M. Yu. Orlov, O. Yu. Polkovnikov, O. Ye. Skobska, M. V. Yelieinyk

Aim: to analyze the results of surgical treatment of patients with ruptured arterial aneurysms in the presence of
occlusive-stenotic lesions of cerebral arteries and to evaluate the impact of combined lesions on the choice of
surgical treatment method.

Materials and methods. A retrospective study was conducted on the medical histories of patients with aneurysmal
disease of cerebral arteries from 2006 to 2022. The main group consisted of 63 patients with occlusive-sten-
otic lesions of cerebral arteries who underwent surgery for ruptured arterial aneurysm. The comparison group
included 63 patients without occlusive-stenotic lesions. The analysis included an assessment of neurological
status, examination results, and statistical data processing.

Results. Occlusive-stenotic lesions of the head and neck arteries were more frequently observed in men, the
maximum difference in age was found at a stenosis of 50-75 % (men —48.30 + 2.51 years; women - 62.00 £ 5.06
years, p <0.01). Cerebral artery stenosis was more commonly observed in cases of ruptured middle cerebral artery
aneurysms. The main group had more fatal cases (n = 5) compared to the comparison group (n = 2), p = 0.25.

Conclusions. Ruptured arterial aneurysms are more frequently diagnosed in the presence of middle cerebral
artery stenosis (p < 0.05). Ruptured aneurysms in patients with occlusive-stenotic lesions of cerebral arteries
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are more often diagnosed in middle age (p = 0.0001). The combination of stenosis and aneurysm complicates
the disease course and affects the choice of surgical method. Patients with combined lesions have a higher
risk of ischemic complications (p = 0.03). The greatest life risks arise from ruptured arterial aneurysms in men
with concomitant arterial stenosis. The main risk factors are occlusive-stenotic lesions of the arteries, recurrent
hemorrhages, and large intracranial hemorrhages.

Modern medical technology. 2024;16(3):183-189

Po3puBu apTepianbHux aHeBpuam (AA) roroBHOrO MO3KY
B MOEOHAHHI 3 OKMO3INHO-CTEHOTUYHUMI ypaxeHHsaMK (OCY)
apTepin rofioBM Ta LWKT — TSHKKI 1 AOCUTb NOLIMPEHi BUAK Liepe-
BpoBackynsipHoi natonori.

Ha edbeKTuBHICTb XipypriYHOro nikyBaHHs BNMWBAKOTL CTYMiHb
OCY aprtepiit ronosm Ta LUKi, PO3BUTOK KOMMNEHCATOPHOTO Kona-
TepanbHOro KPOBOTOKY, TSKKICTb HEBPOMOTYHOIO CTaTyCy XBOPUX
y NepegonepavinHoMy Nepiodi, aHaTOMi4HI (hOpMM KPOBOBUMBY
npu po3puBax AA, po3BUTOK aHriocnasmy, fiokanisalis Ta pos-
Mip aHeBpu3mK [1], CTPOKM XipypriYHOro BTPYYaHHS 3 MOMEHTY
po3pusy AA, BUOIp ONTUMAnbHOI XipypriYHOi METOAMKM (TpaHC-
kpaHianbHoi [2,3], eHooBackynsipHoi [4,5,6,] abo ix kombiHaLlii).

[o chakTopis iHTpaonepaLiiHoro pusnKy Hanexarb 00Csr i
TpUBanICTb onepaLii, KiNbKICTb BUKMIOYEHMX i3 KDOBOTOKY aHe-
BPW3M, CTapLUNiA Bik navjieHTiB [7,8,9], 6inbLunii CTyniHb CTEHO3Y
11 aHriocmasmy, HasiBHICTb iLLeMIYHVX yeknaaHeHs [7,9,10], 06’em,
XapakTep i nokanisauis BHyTpPiLLHbOYEPENHOTO KPOBOBUIUBY,
TpUBANICTb PETPAKLIT MO3KY Ta 3aCTOCYBaHHS Mif Yac XipypriyHoro
BTPYYaHHS TUMYaCOBOTO KninyBaHHs apTepii — Hocis AA.

[Mepdyais ronoBHOrO MO3Ky npm po3puBax AA 3anexuThb Big
HasIBHOCTi cna3my CyAuH ronosHoro Mo3ky [3,8,10] Ta BupaxeHo-
cTii cTyneHs komneHcauii OCY aptepir ronosu Ta wwui[1,7,11,12].
OCY aprepiit ronosw Ta Wi MoXyTb ByTy KOMNEHCOBaHi Ta ByTn
BMNAZKOBOK 3HAXIAKOKW Nif vac aHriorpadii abo MoxyTb MaTu
KMiHIYHi NposiBY, | TOA] BUSHAYAKOTb FOCTPE MOPYLLIEHHS MO3KOBOIO
KpoBoObiry.

XipypriuHe nikyBaHHs 3abe3neyye 6e3nocepenHin pesyrb-
TaT (NpodinakTika NOBTOPHOIO PO3PHBY) Ta ICTOTHO MOKpaLLYye
MPOrHO3 3axBOPIOBAHHS MpU BUKMHOYEHHI AA 3 KDOBOTOKY 3a
[OMOMOTOH KninyBaHHs! LAk AA, eHLoBackynsipHoi emborni-
3auii cnipanamu, Wo BigokpemmooTbes [3,13,14] (y cknagHux
BUMNagKax — 3i CTEHT- abo 6anoH-acCTEHLIED), BCTAHOBMEHHS
MOTIK-CKEPOBYHHOTO CTEHTa ab0 LUNSXOM KOMOIHALi Linx METOAMK
i3 MOXNUBICTIO 6E3MEYHOrO BiJHOBNEHHS reMoANHAMIKN.

PiweHHs npo BKbip XipypriyHOi METOAVKM YXBamOKTh iHAN-
BigyarnbHo, BpaxoBytoum 6arato qakTopis, SK-OT BiK | 3aranbHui
CTaH nauieHTa, hopma Ta po3mip AA, aHaToMiuHa hopma remo-
pariyHOro iHCynbTY, OLiHKa reMOoAMHaMIYHOT cuTyaLii FroNoBHOrO
Mo3ky [3,11], keanicpikavis xipypra Towo. OCY aptepiit ronosw
Ta WK MOXYTb NPU3BOANUTY A0 XPOHIYHOI iemii mosky. CTeHo-
TWUYHO 3MiHEHa LWniky AA nig Yac onepaLlii MoXe Npu3BecT 4o
HepagmKanbHOro BUKIHOYEHHS AA 3 3anMLLKOBOK LIKIAKOK abo
3i 3MEHLUEHHSIM MPOCBITY CYAMHU, WO Hece AA, Ta PO3BUTKOM
nocTonepawinHoi iemii B peynetari creHosy. [oeaHanHsa AA
OCY apTepili ronoBm i LWKi 3HAYHO YCKNaaHIoe nepebir 3axBopto-
BaHHs, BNMBae Ha nepebir onepadii Ta pesynsraTtut nikyBaHHs.

Omxe, nornnoneHe BMBYEHHS 0COONMBOCTEN Ljiei KOMBIHO-
BaHOI MaTororii CnpuUsiTMe OTPUMaHHIO BinbL 06r'pyHTOBAHIX
TEOPETUYHUX MONOXEHb | BUPOOIEHHIO MPAMUX pekoMeHaaLin
LLIOAO MONIMNLLUEHHS pe3ynbTaTiB XipyprivyHOro NiKyBaHHS XBOPUX

i3 po3puBamMu apTepianbHUX aHEBPK3M rOSIOBHOTO MO3KY Ha T
OCY aprtepivt ronosw Ta Lwmi [2,8,15].

Merta pobotu

[MpoaHaniayBaTu pesynsTraTv XipypriYHoro nikyBaHHs navieH-
TiB i3 pO3pMBaMK apTepiarnbHUX aHEBPU3M 3a HasBHOCTI OKITHO-
3iNHO-CTEHOTUYHIX YpaXKEHb apTEPIii FOMoBM Ta Wi, OLHUTK
BB KOMBIHOBAHOTO ypaxeHHs Ha BUBIp MeToay XipypriyHoro
niKyBaHHS.

Marepianu i meToAU AOCAIAKEHHA

3pifcHUNM PeTPOCNEeKTMBHWIA aHanis icTopin XBopob nauj-
€HTIB i3 po3puBamu AA cyauH ronoHoro Mosky Ta OCY aptepint
ronoBwn Ta Wwwi, siki nepedyBanu Ha nikyBaHHi y Y «IHCTUTYT
Hepoxipypril iM. akag. A. . PomogaHoBa HAMH Ykpainuy y
2006-2022 pp. [o ocHoBHOI rpynu 3amyy4eHo 63 nauieHTn 3
OKMIO3INHO-CTEHOTUYHUMM YPaXEHHSMM apTepiid FoNoBM Ta LUK,
[0 pynii NOPIBHAHHS — 63 NavieHTV 6e3 OKIM3iIHO-CTEHOTUMHUX
ypaxeHb apTepiil rofioBy Ta LWKi. YCiM XBOPUM 34INCHUNN KOMM-
NeKCHE KIiHIKO-IHCTpyMeHTanbHe 0OCTEXEHHS 1 OLiHIOBAHHS
HEeBPONOriYHOro CTaTycy 3a Lukanamu, XipypriyHe nikyBaHHs
Npu po3puBi apTepianbHOi aHeBPU3MU. AHani3 AaHyX BUKOHan!,
BMKOPWCTaBLLIM CTATUCTWYHI METOAM.

[ns nepesipku NPUNYLLEHHA NPO HAaSBHICTb NPUYNHO-
BO-HacniakoBux 38'a3kiB Mixx OCY apTepiii ronoem Ta LWni 3
KIiHIKO-MOPONOriYHMM OCOBNMBOCTAMM iHCYNBTY 34IKCHUIN
PETPOCNEKTUBHUI aHani3 icTopiit XxBopob NaLieHTiB i3 po3prBamm
AA y iBOX napanensHux rpynax 3a nepiog 3 2006 go 2022 pp.
YCiM XBOPUM 34iACHANN XipyprivyHe NikyBaHHS npu pospusi AA.

KniHiune obCTexeHHs nepenbayano OuiHIOBaHHS HEeBpO-
NOriYHOro Ta COMATUYHOrO CTaTyCy, OTOHEBPOMOriYHE, HEMn-
poodoTanbmonoriyHe obctexenHs, EKT, kniHiyHi Ta BioxiMiyHi
aHaniaw kpoi. JlabopaTopHi 4OCTIMKEHHS 3INCHNMN 3 aKLEHTOM
Ha 0COOMMBOCTI CUCTEMM FeMOCTa3y, BpaxOByouN NapameTpy
remMaTokpuTy. HeBPOMOriyHMIA CTaTyc nauieHTiB OLiHIOBanu nig
yac rocnitanisalii, B nicnsionepaviiHomy nepioi 8 guHamity. 4ns
OLIiHIOBaHHS TSHKKOCTi CTaHy XBOPUX Y FOCTPOMY NEPIozj KPOBOBY-
nuey Bukopuctanu wkany Hunt-Hess (W. Hunt, R. Hess, 1968).
Kpim BWU3Ha4eHHS TSHKKOCTI 3aranbHOro CTaHy, OLiHIOBanu CTaH
CBifoMOocTi 3a Lkaroto kom Mmaaro (LUKT; G. Teasdale, B. Jennett,
1974), a Takox BUpaXeHICTb 3ararbHOMO3KOBOr0, 0CEPELKOBOrO
Ta MeHiHrianbHoro cuHapomi. OLHIOBaHHS 3aranbHOTO CTaHy Ta
HEBPOSOTYHOTO CTaTYCy XBOPWX — OCHOBA KMiHIYHOrO aHaniay,
3MiCHEHI B AMHaMILi rocniTanibHOro eTany nikyBaHHS.

PesynkraTi onpaltoBany 3a OMOMOrOr NPOrpaMHOro naketa
Statistica 10. BignosigHicTb 3akoHy HOpManbHOrO po3noginy
nepesipsinu 3a kputepiem LLanipo-Binka. HopmansHo po3nogi-
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neHi faHi (BiK) HaBEOEHO Sk cepeaHe apuPMETUUHE 3HAYEHHS
(M) Ta cTaHmapTHa nomurka cepeaHboro (m). [Ins nopiBHSHHS
HOpMarbHO PO3noAiNeHMX AaHuX BuKkopuctanu t-kputepin CTbto-
AeHTa. [laHi, LWo He MignopsiakoByBanmMCh 3aKOHY HOPMaribHOMO
po3noginy, HaBeaeHo K MefiaHy Ta iHTepKBaPTUIbHUIA pO3Max
(Me [Q1; Q2]). Ans HuX 3acTocyBanu HenapameTpuYHi KpuTepii
CTaTUCTUYHOrO aHanisy. [ins napHWX NOPiBHAHL YacTOT | YaCTOK
BuKopucTanu kputepii MipcoHa (x?), Piwepa (F) Ta CTblogeHTa
(). Y pasi nopiBHsIHHS GinbLue HiX ABOX rpyn 3acTtocyBanu H-Tect
Kpackena—Bonnica: 3icTaBneHHs rpyn nawieHTiB 3a BikoMm Ta
CTaTTIo, 3a cTaHoM nopyLeHHs csigomocTi (LK) i TskkocTi
XBOPOro 3 cybapaxHoiganbH1UM KpoBOBUIMBOM (Lukann Bce-
cBiTHBOI thenepadii Henpoxipypris (WFNS) i Hunt-Hess). PiseHb
3HauyLLOCTi Mig Yac focnimkeHHs — a = 0,05.

Big ycix nauieHTiB 0TpUMaHo MMCbMOBY iHPOPMOBaHY 3rogy
Ha y4acTb Y AOCRIDKEHHI, 3rigHO 3 [enbCIHCHKOK Aeknapallieto
BcecBiTHEOI MeauyHOI acouiaLii Npo eTUYHi NpUHLMAK NpoBe-
LEHHSI HayKOBUX MEOUYHUX AOCMILKEHb 33 Y4acTio MIOANHM
(1964-2008 pp.), ovpekTrBO €BPOMENCHKOrO TOBapUCTBA
86/609 oo yyacTi niogen y Meanko-GionoriyHnX JOCTImKEHHSIX,
a TakoX Haka3oMm MiHicTepcTBa OXOpOHM 300pOB’'s YKpaiHu 3i
3miHamu Big 23.09.2009 p. Ne 690.

Pe3yabtati

Po3nogain 3a Bikom Ta cTaTTio y rpyni gocnimkeHHs (126
naujenTiB): 76 (60,32 %) yonosikiB i 50 (39,68 %) xiHoK. Bik
xopux — Big 31 po 77 pokiB. CepepHin Bik xsopux (M = m)
- 55,90 £ 0,76 poky; yonosikn — 54,30 = 0,94 poky, XiHku —
58,30 + 1,19 poky (p < 0,001).

MMig Yac aHanisy ypaxeHHs apTepiil FONOBHOTO MO3KY 3a
CTYNEHEM BUPAXEHOCTI OKMHO3INHO-CTEHOTUYHOIO YPaXeHHs
apTepiil ronoBM Ta LUMI NaLieHTIB OCHOBHOI rpyniu NOAINMIN Ha
m'aTb nigrpyn: 1 — nerkui ctexos, 4o 50 %; 2 — creHos 50-75 %;
3 — 75-94 %; 4 — 95100 %; 5 — OKMIO3INHO-CTEHOTWYHI 3MiHU
CTiHKV apTepii y MPULLMIAKOBIN AiNsHLi aHeBpuamu. HaibinbLue
nauieHtiB —y 1 (n = 21, nerkuit cteHo3 — 0o 50 %) Ta 5 (n = 19,
3MiHV Y NPULLMIAKOBIN AiNSHLI aHeBpU3mMu) migrpynax (puc. 1).

CratvcTnyHuin aHania 3a Kpackenom—Bonnicom nokasas: y
3aranbHOMy MacuBi XBOPUX OCHOBHOI rpynu (5 nigrpyn) Ta rpyni
MOpIiBHSHHS BiAMIHHOCTE 32 BikOM He BusianeHo (H (4,126)=1,5,
p=0,9).

BcTaHoeneHo, wo OCY apTepiit ronosu Ta Wi LWBKALLE
PO3BMBAIOTLCA Y HOMOBIKIB (40MOBiKkM — 54,33 £ 0,94 poKy; XiHKM
-58,331 1,19 poky, p < 0,001). MakcumarbHo BUpaxeHa pisHULS
3a BikoM 3adpikcoBaHa B 2 Nigrpyni OCHOBHOI rpyni, Ae BUpaxe-
HICTb cTEHO3y cTaHoBuna 50-75 %: vyonosikn —48,30 + 2,51 poky
— cepepHi Bik, 3a BOOS; xiHku — 62,00 £ 5,06 poky — noxunuit
Bik, p < 0,001 (mabn. 1).

Poanoain nauieHTiB 3a nokanisauieto AA y 6aceiHax Mo3-
KOBMX apTepili B OCHOBHIiA rpyni Ta rpyni NOPIBHAHHS HaBeAEHO
Ha puc. 2. B 0box rpynax nepesaxanu aHeBPWU3MM KOMMIIEKCY
nepeaHL0i MO3KoBOI — NepenHboi crionyyHoi aptepii (MMA-TICA).
BcraHoBneHo, Wwo npu pospueax AA CyayH roOfOBHOMO MO3KY
OCY apTepilt ronosm Ta LWKI YacTille BUSBNSAIOTb Y CEpeaHin
MO3KOBIit apTepii (ocHoBHa rpyna — 25,4 %, rpyna nopiBHAHHS!
-12,7%; p=0,07).

Tabauusa 1. Po3nopin naLieHTiB 3a CTATTHO Ta BIKOM Y KAIHIUHKX rpynax
(3a kputepiem CTbroAeHTa)

Ipyna/ cTatb Bik, M  m (poku)

OcHoBHa Mpyna

rpyna, NOPIBHAHHS,

n=63 n=63
Migrpyna 1, | Yonosikn, n =12 | 56,40 + 2,13 54,30 £ 0,94
n=21 KiHkn, n=9 56,60 + 2,96 58,30+ 1,19
p 0,68 0,001*
Migrpyna 2, | Yonosiku, n =7 48,30 + 2,51 54,30 £0,94
=1 Iwun=6  [6200£506 |5830+1,19
P 0,0001* 0,001*
Migrpyna 3, | Yonosiku, n =3 56,00 £ 4,04 54,30 £0,94
=3 Dkwwn=o0 |- 58,30 £ 1,19
p - 0,001*
Migrpyna 3, | Yonosikn, n =5 58,40 £2,58 54,30 £0,94
"7 Iwwn=2  [5500£100 |58301,19
p 0,14 0,001*
Migrpyna 5, | Yonosikn, n =11 | 53,72 + 3,11 54,30+ 0,94
L T 5825+1,85 (5830119
P 0,019* 0,001*

*1 CTATUCTMYHO 3HaYyLLa Pi3HWLIA YOIOBIKIB i XiHOK 3a Bikom (p < 0,05).

1

Nirpyna 5 (LWNA)

Miarpyna 1
(cTeHo3 o 50 %)

Migrpyna 4 13
(cTeHo3 95-100 %)

Migrpyna 2

Miarpyna 3 (cTeHo3 50-75 %)

(cTeHo3 75-94 %)

Puc. 1. Xapaktepuctrku OCY apTepiit roAoBM Ta LK.

[1ns1 06’eKTUBHOTO OLLiHIOBAHHSI TSHKKOCTI CTaHY MaLjieHTiB nig,
yac rocnitanisayii sactocysanm LUK, wkann WENS i Hunt-Hess
(mabn. 2, 3, 4).

Y pesynbrarTi OLiHIOBaHHS TSXKOCTI CTaHy XBOPUX 3a LLIKaown
Hunt-Hess 3HauyLLa pi3HWLS MiXk OCHOBHOHO rpyro0 Ta rpymnoto
MOPIBHAHHS He BUSBNEHa. 3a 4aHUMK OLHIOBaHHS 3a LLKanok
WENS, 6inbLue nawieHTis y rpyni NopiBHSHHA Manu nerwmi |l
CTYNiHb i MeHLUe xBopux Manu Il cTyniHb. MNavienTy B rpyni nopie-
HSIHHS B 36,5 % BuUMaakis manu nomipHe npuriyLueHHs 3a LLIKT.

3aranbHa netaneHicTb ctaHosuna 7 (5,6 %) Bunaakis. 3o-
Kpema, KoHcTaToBaHo 5 (7,93 %) neTtanbHuX BUNazKis B OCHOBHIN
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Puc. 2. Po3nopin rokanisaLlii AA 3a 6aceiHaMu MO3KOBHX apTepii y KAIHIYHUX rpynax.
Tabauua 2. PiBeHb CBIAOMOCTI NiA Yac rocnitanisadii 3a LLKT
PiBeHb cBigomocTi OcHoBHa rpyna, lpyna nopiBHAHHS, 3HayeHHs p
n=63 n=63 CTaTUCTUYHOTO KPUTEPIt0
a6e. % abe. %
fAcHa (15 6anis) 36 57,1 32 50,8 X2=0,51 0,47
IMomipHe npurnywenHs (13—14 6anis) 18 28,6 23 36,5 F =0,007 0,22
munboke npurnywenHs (11-12 6anis) 7 1,1 7 1,1 - -
Conop (9-10 6anis) 1 1,6 0 0 - -
Koma | ct. (7-8 6anis) 1 1,6 0 0 - -
Koma Il cT. (5-6 6anis) 0 0 1 1,6 - -
3aranom 63 100 63 100
Tabaunua 3. OujHIOBaHHSA TAXKOCTI cTaHy 3a Lkano WFNS
TAXKICTb CTaHy OcHoBHa rpyna, pyna nopiBHsAHHSA, 3HayYeHHs CTaTUCTUYHOTO | P
n=63 n=63 KpuTepito
abe. % abe. %
| cTyniHb 28 444 29 46,0 - -
Il cTyniHb 9 14,3 17 27,0 x?=3,1 0,07
Il cTyniHb 18 28,6 9 14,3 X2=3,8 0,05*
IV cTyniHb 8 12,7 7 11 - -
V cTyniHb 0 0,0 1 1,6 - -
3aranom 63 100 63 100 - -

*1 Pi3HNLA CTAaTUCTUYHO 3HauyLwa, p < 0,05.
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Tabaunuga 4. OuiHIOBaHHSA TAXKOCTI CTaHy 3a Lukanoto Hunt-Hess

TaxxicTb cTaHy OcHoBHa rpyna, n = 63 I'pyna nopiBHAHHA, N = 63 | 3Ha4YeHHA CTaTUCTUYHOTO | P
aoc. % abe. % kputepito
| cTyniHb 15 23,8 20 31,7 x?=0,0 0,96
Il cTyniHb 27 42,9 24 38,1 X¢=0,3 0,59
Il cTyniHb 18 28,5 17 27 - -
IV cTyniHb 2 3,2 1 1,6 - -
V cTyniHb 1 1,6 1 1,6 - -
3aranom 63 100 63 100 - -
Tabauusa 5. AHani3 XipypriuHoro AikyBaHHS B KAIHIYHWX rpynax

HasBa xipypriuHoro BTpy4aHHs 3aranom

or rm
KninysaHHs AA 19 15
KninysanHs AA + BigMMBaHHS KpOBi 3 6a3arnbHUX LMCTEPH 7 -
KninyBaHHs AA + BuaaneHHs B/M rematomu 3 2
KninysanHs AA + ApeHyBaHHS LLMYHOYKOBOI CUCTEMM 1 1
KninysaHHs AA + BigMuBaHHS KpoBi 3 6a3anbHUX LMCTEPH + nepdopaLlist KIHLEBOT NNacTUHKM 4 1
KninysanHs AA + BaaneHHs B/M rematomu + BiMWBaHHS KPOBi 3 6a3arnbHUX LMCTEPH 2 1
+ nepdopaLis KiHLEBOI MNacTUHKN
KninysaHHs AA + BiaaneHHs B/M rematomu + BijMWBaHHS KPOBi 3 6a3anbHUX LMCTEPH 1 -
+ leKOMMNpecyBHa Tpenaxavis Yepena
KninysanHs AA + BigMMBaHHS KpOBi 3 6a3anbH1X LMCTEPH + APEHYBaHHS LLMYHO4YKOBOI CUCTEMM 9 23
Emb6onisauist AA cnipansmu - 2
[peHyBaHHs LLMYHOYKOBOI CUCTEMM 1 -
CTeHTyBaHHS OKIMIO3iiHO-CTEHOTUYHUX YPaKEHb 1 -
[ekomnpecyiBHa TpenaHauis yepena 2 1
IMnnaHTaLis NoTiK-CKepOBYHOYOro CTEHTa 1 -
[eKOHCTPYKTMBHE BUKMIOYEHHS AA 3 KDOBOTOKY - 1
BeHTpukynoneputoHeocToMis 2 -
KninyBaHHs AA + BuaaneHHs B/M remaToMu, ekcTpaBasanbHa hapmaHrionnactuka 1 -
IMyHKLis nepeaHbOro pora 6iYHOTO LMyHOYKa + caHais 6asanbHUX MIKBOPHUX LMCTEPH + KninyBaHHS AA 1 -
KninyBaHHs AA + yKpinneHHs CTiHK1 apTepii ayTom's30M 1 -
KninysanHsa AA + nepdopaLis KiHLEBOI NNacTuHKW + caHauis 6asanbHuX MIKBOPHUX LIMCTEPH 1 -
+ MyHKLiA NepenHboro pora 6i4HOro LwTyHouKa
KninysaHHs AA + nepdopalLlist KiHLEeBOT NNacTUHKM 5 1
KninysanHs AA + BaaneHHs B/M rematomu + BiMWBaHHS KPOBi 3 6a3arnbHUX LMCTEPH 1 -
KninysanHs AA + pemopentoBaHHs bipypkavii M1-M2 cermenta CMA + caHauis 6a3anbHux LmcTepH 1 -
KninysanHsa AA + ekcTpaBasarbHa hapmaHrionnactuka + BigMUBaHHS KPOBi 3 6asarnbHUX LMCTepH 1 2
PemopentoBanHs finsHkn M1-M2 3 nesackynsipusatijeto AA CMA dex 1 -
Em6onisais AA cnipansmm + TpombekcTpakLyis 1 -
Em6onisauist AA cnipansimu 3 6anoH-acucTyBarbHOK TEXHIKOK 1 2
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MpoaoBXeHHA TabAuLi 5.

HasBa xipypriuHoro BTpy4aHHs

3aranom

or rm

KninysaHHst MHOXUHHUX AA + pemogentoBanHst Gicbypkauii M1-M2 cermeHta CMA + BuganeHHs s/m rematomm | 1 -

[ekomnpecis xia3mu, YacTkoBe BUAANEHHS riraHTCbKOI AA

Em6onisauis AA cnipansmu. ®apmaHrionnactuka

EHAOBaCKyﬂﬂpHe CTEHT-aCuCTyBallbHE BUKIMIOYEHHA MA 3 KPOBOTOKY 3a [10NOMOrot cnipanew -

BupanexHs B/M rematomu

PemopnentoaHHs BCA 3 gesackynspusavieto MA, po3TiH KiHLEBOI NnacTuHK1 - 1

JlokanbHuin GibprHONI3 BHYTPILLHBOLLTYHOYKOBOIO KPOBOBUIMBY aKTUIi3e

TpaxeocTomis

PesexkuiitHa TpenaHavis Yepena, BuaaneHHs cybaypansHoi Ta B/M rematomu - 1

PesexkuiitHa TpenaHavjs Yepena, BuaaneHHs cybayparnsHoi rematomu

MnacTtuka gedekTy Yepena TUTAHOBUM iMMMAHTOM

umMcTepH + nepcopaLlis KIHLEBOI MNacTUHKK

KninysaHHs MHOXUHHUX AA 3 pemMogenioBaHHsIM apTepiarnbHUX parMeHTIB + BiAMUBAHHS KPOBI 3 6a3arnbHMX

N
|

Em6onizauis AA cnipansiMu + CTEHTYBaHHS OKITHO3iiHO-CTEHOTUYHIX YpaXeHb

1 —

3aranom

73 78

rpyni (3 — 3i cteHo30om 50-75 %, 1 — 3i cTeHo30M 75-94 %, 1 - 3i
cTeHo30M 95-100 %). Cepep naLieHTIB rpyniu MOPIBHAHHS KOH-
ctaroBaHo 2 (3,17 %) neTanbHi BUNagKu.

XipypriyHe nikyBaHHS B KITiHI4HWX rpynax onuncaHo B mabuuj 5.

06roBopeHHA

Ha Bubip TakTuk1 HelpoxipypriyHoro nikyBaHHS (MikpoXi-
pypriyHoro [2,3], eHgosackynspHoro [9,12,15] abo ix kombi-
Hawi) BnnuBakTb MOPONOrivHI XapaKTepUCTUKN aHeBPU3MU
(kinbkicTb, nokanisauis [3,11,12,15], poamipu [1], dpopma camoi
aHeBpM3MK Ta i Wuniikn), HasBHICTb i cTyniHb OCY apTepint
FOfIOBMW Ta LLUWi, PO3BUTOK KOMMEHCATOPHO-MPUCTOCYBANBHOIO
KonatepanbHOro KpOBOTOKY, aHaTOMi4Ha popMa, Nnokanisawis Ta
PO3Mip¥ KPOBOBWIUBY, XPOHIYHA iLLeMisi FonoBHOro Mosky [7,9,10]
BHACIIOK OKMIO3INHO-CTEHOTUYHUX YpaxeHb apTepiil ronosu
Ta KT, 0CepeaKoBi HEBPOMOTIYHi NPOSIBI YPaXEHHS FONIOBHOIO
MO3KY B FOCTPWIA Nepiog po3puBy apTepianibHOT aHeBpuamm [3,8],
HasIBHICTb i BUPaXXEHICTb Ba3oCnasMy BHacnigok cybapaxHo-
idansHoOro KpoBOBMNMBY. BCTaHOBNEHO, LLO NaLieHT! OCHOBHOT
rpynu GinbLU Bpa3nmBi [0 iLLEMIYHMX YCKNaAHEHb MOPIBHSHO 3
TPYMOK0 KOHTPOITHO.

[ig yac aHanisy pesynbrartis XipypriyHoro NikyBaHHS XBOPUX
i3 pospuBamm apTepianbHux aHeBpuam 3 OCY apTepiit ronosm
Ta LW BCTAHOBMEHO, WO Cepeq naLieHTiB OCHOBHOI rpynu
nepesaxatoTb 4onosiku (60,32 %). CepenHin Bik YOroBikiB 3
OCY aprtepiit ronosu Ta WK MEHLLUWIA, HX Y XIHOK: YOMOBIKM —
54,30 £ 0,94 poky, xiHkn — 58,3 £ 1,19 poky. PisH1us 3a Bikom
MaKcumanbHa y 2 nigrpyni OCHOBHOI pynu, A€ BUPaXeHICTb
CTeHo3y cTaHosuna 50-75 %: yonosiku — 48,30 + 2,51 poky;
xiHkv — 62,00 5,06 poky. BusieneHi ocobnmeocTi 3a Bikom [3,7,8]

i cTarTio [3,7,8,10] MOXYTb CBIQYATM MPO aTepOreHHWin BNAWB
aHOPOreHiB Ta aHrioNPOTEKTOPHUI ePeKT ECTPOreHIB.
BpaxoBytoun pu3nk NOBTOPHOTO PO3pUBY apTepianbHOi
aHEBPU3MM, @ TaKOX PU3NK iLLIEMIYHOTO IHCYMBTY Y 3B'A3KY 3
OCY aprepiit ronosu Ta wWui, iHodi A4OCUTL cknaaHo obpatu
npaBurbHy cTparerito nikyBaHHs. [py kombiHaLlii pospusy AA Ta
OCY apTepili ronosm Ta WKi AOLINBbHIM BBRXKAEMO HEBIAKNAAHE
XipypridyHe nikyBaHHsi 060X ypaeHb, CNpsIMOBaHe Nepeaycim Ha
NiKyBaHHS HalbinbLL CMMTOMATIYHOI naTororii. Mpy HEBENUKX
KPOBOBWUNMBAX Ta 3a[0BiNbHOMY HEBPOIIONYHOMY CTaTyCi na-
LlieHTa nepe.ary Big4atoTb MiHIIHBA3WBHUM eHIOBACKyNSpHUM
meToavkam. OgHoeTanHa eHAoBaCcKyspHa NpoLeaypa € TEXHIY-
HO MOXMNMBOIO Ta ehekTUBHOK Ans embonisavii AA cnipansmu
[1,11,15] Ta crenTyBaHHs OCY apTepii ronosm Ta wui [2,7,11,15].
[oBegeHo, Lo npu po3pueax AA Ta HEBENWKMX po3mipax
KPOBOBWIMBIB Nepesary cnif Bia4aBaTh MiHiiHBA3WBHUM €H-
[,0BaCKyNsiPHAM OMepawisiM, a Npy MacuBHWX KPOBOBWITMBAX
— TpaHCKpaHianbH1M MIKpoxipypriYHumM onepauiam. Lii gani nig-
TBEPLKYIOTb BIJOMOCTi Cy4acHOI HayKOBOI MiTepaTypu.

BucHoBKH

1. Po3spuBu apTepianbHux aHeBpuam npu OCY aptepiii
FOMOBM Ta LUMi AiarHOCTYHOTh Yy YOMOBIKIB Ha 4 POKM paHiLLe, HiX
Y XiHOK, y cepeaHbomy Y BiLi 54,30 + 0,94 poky (p < 0,01).

2. Y pesynbTarti OLHIOBAHHSA TAXKOCTI CTaHy NaLlieHTIB B ne-
pegonepaLinHoMy nepiogi 3a LWwkanot Hunt-Hess ctatnctnyHo
3HaYyLLUMX BIAMIHHOCTEN MiXX OCHOBHOK IpYMoK0 Ta rpyroto no-
PiBHSAHHS He BUsiBNEHO; 3a wkanoto WFNS 27,0 % nauieHTis 6e3
OCY aprtepiit ronoswu Ta wui manu |l ctynidb i 14,3 % nauieHTis
Manu Il CTyniHb TSHKKOCTi CTaHy.
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3. KombiHaList pospusy AA cyauH ronosHoro Mosky Ta OCY
apTepil ronosw Ta LWKi ycknaaHioe nepebir 3axBopioBaHHS Ta
BNMBAE Ha BMGIp XipypriYHOro MeToay.

4. Tpu po3puBax apTepiarnbHUX aHEBPU3M FOMOBHOMO MO3KY
CTEHO3W CepefHbOi MO3KOBOI apTepil fiarHocTyoth Yy 25,4 %
CNOCTEPEXEHD.

5. OCY aprepiit ronosw Ta Wi Np1 po3puBax apTepianbH1X
AHEBPY3M CNIPUYMHSIE PO3BUTOK iLIEMIYHOTO YPaXKEHHS BHACTIZOK
HeJoCTaTHOCTI MO3KOBOTO KPOBOTOKY, YCKMaAHOK4M nepebir
aHeBpU3MATUYHOI XBOPOOMU.
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Changes of eye’s functions among patients with age-related macular
degeneration during the use of vitamin D medications
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Aim. To increase the effectiveness of the treatment of age-related macular degeneration (AMD), dry form, in
postmenopausal women by determining the level of serum vitamin D and correcting its deficiency.

Materials and methods. The study was conducted on the basis of the Department of Ophthalmology at Bogomolets
National Medical University, was prospective, case-control, included 88 women (88 eyes) aged 72.0 + 10.1
years, who were divided into 2 groups: control group — 20 patients (20 eyes) without AMD and study group — 68
patients (68 eyes) with AMD, dry form.

Results. Supplemental vitamin D did not significantly improve visual acuity, but slowed the deterioration of contrast
sensitivity. Deficiency of vitamin D is associated with lower visual acuity, negatively affects contrast sensitivity,
more strongly than its insufficiency. The results of the treatment in the AREDS-2 + vitamin D group after 12
months showed a probable double increase in the content of 25(OH)D in patients with AMD, dry form (p < 0.05).
Visual acuity after 12 months decreased by 7.56 % (from 0.19 + 0.06 to 0.20 + 0.06) in women who took only
AREDS-2 drugs, and by 6.78 % (from 0.18 4 0.07 to 0.19 + 0.08) in the group where vitamin D medications
were additionally prescribed (p > 0.05). Logarithmic indicators of contrast sensitivity after treatment had a slight
negative trend in both groups, decreased by 2.80 % in women in the AREDS-2 group, and by 2.25 % in women
who additionally took vitamin D medications (p > 0.05).

Conclusions. Irreversible vision loss is a global problem with both medical and socioeconomic consequences.
Age-related macular degeneration is one of the main diseases that lead to blindness, especially in people over
50 years old. Additional prescription of vitamin D to AREDS-2 may be beneficial in slowing the progression of
AMD. Further studies are needed to confirm these results.
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3MiHM PyHKLiOHAABHUX NOKA3HUKIB OpraHa 30py y naujieHTis
i3 BikOBOIO AereHepaLieto MakyAu 3a yMOB 3aCTOCyBaHHA BiTamiHy D

T. M. Komaposa, O. . BitoBcbKa, H0. I. KomicapeHko, C. K. LLoabty,

Merta po6oTi - MigBMLLMTY edeKTUBHICTb NiKyBaHHS BIKOBOI AereHepauii makynv (BOM) cyxoi popmu y xiHOK
MOCTMEHOMay3arbHOrO BiKY LLINSXOM BU3HA4EHHS PIBHS CMPOBATKOBOTO BiTaMiHy D Ta kopekLii 110ro HegoCTaTHOCTi.

Martepianu i metoaun. [locnimkeHHs 3gidcHunM Ha 6asi kadenpu odransmonorii HalioHansHoro meguyHoro
yHiBepcuTety imeHi O. O. Boromonbus. [locnigxeHHs NpocnekTMBHE, BUNaAOoK — KOHTPOMb. 3anyyeHo 88 xiHok
(88 ouent) Bikom 72,0 = 10,1 poky, sIkuUX NOLINUAM Ha 2 rpynin: KOHTponbHa — 20 nauieHTok (20 oueit) 6e3 BOM;
rpyna gocnimkeHHs — 68 nauieHTok (68 ouen) 3 BOM cyxoi dopmu.

Pesyabtatu. [lofaTkoBe npuitMaHHs BiTamiHy D He CIPUYNHIIO 3HAYHOO MOKPALLEHHS TOCTPOTY 30pY, OAHAK
YMOBINBHUIO MOTiPLUEHHS KOHTPACTHOI YyTnMBOCTI. JediunT BitamiHy D noB’3aHuii i3 HUKXYMMM NOKa3HYKaMK
rOCTPOTU 30PY, BNNWBAE HA KOHTPACTHY YyTIUBICTb iCTOTHILLE, HiX NOro HEAOCTATHICTb. Pe3ynbraTty nikyBaHHs y
rpyni AREDS-2 + Bitamin D 4yepes 12 micsuiB nokasanu BiporigHe niaBuLLeHHs (Bagidi) Bmicty 25(0OH)D y naui-
eHTok 3 BIIM cyxoi chopmu (p < 0,05). FocTpoTa 3opy yepes 12 micauis 3Huaunacs Ha 7,56 % (30,19 + 0,06 po
0,20 £ 0,06) y xiHOK, sii oTpumyBany nuwe npenapatm AREDS-2, Ta Ha 6,78 % (3 0,18 + 0,07 go 0,19 £ 0,08)
y rpyni, A€ Aof4AaTKOBO NpuaHavanu npenapatu BitamiHy D (p > 0,05). JlorapudmiuHi NokasHUKK KOHTPacTHOI
YYTAMBOCTI NiCASA NikyBaHHA Mani He3HauHy HeraTUBHY AuHaMiky B 060X rpynax, sHuaunmcs Ha 2,80 % y xiHok
i3 rpynvu AREDS-2 T1a Ha 2,25 % Y XiHOK, iki B0[aTKOBO OTpUMYyBanu npenapatu Bitamity D (p > 0,05).

BucHoBku. He3sopoTHa BTpata 30py — rmobanbHa npobnema, Lo Mae i MeauyHi, i couianbHO-eKOHOMIYHI Ha-
cnizkv. BikoBa aereHepaLlis Makynu € 0gHIUM 3 OCHOBHMX 3aXBOPIOBAHb, LU0 MPU3BOANT [0 CMiNOTH, 0COONMBO
y ntogei, crapmx 3a 50 pokis. [logatkose npuiimanHs BitamiHy D pasom i3 AREDS-2 moxe ByTu kopucHAM
ANs ynoBinbHeHHs nporpecyBaHHs BOM. MoTpibHi HacTynHi fOCNImXeHHS ANs NiSTBEPIKEHHS LMX pe3ynsTaTis.
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190

Modern medical technology. Volume 16. No. 3, July - September 2024 ISSN 20729367


https://orcid.org/0000-0002-7263-4067
https://orcid.org/0000-0002-5786-5166
https://orcid.org/0000-0001-9912-4879
https://orcid.org/0000-0001-7826-7416
https://doi.org/10.14739/mmt.2024.3.306466
mailto:Bracos17%40gmail.com?subject=

OpwuriHanbHi pochipkeHHs / Original research

Irreversible vision loss is a worldwide problem that goes
beyond medical issues and has a profound impact on the so-
cio-economic sphere. People with visual impairment require
expensive care, which places a significant burden on both the
state budget and their families.

More than 2.2 billion people worldwide suffer from visual im-
pairment, and half of these cases are preventable or treatable [1].

Major diseases leading to visual impairment and blind-
ness include cataracts (94 million cases), refractive anomalies
(88.4 million), age-related macular degeneration (8 million),
glaucoma (7.7 million), and diabetic retinopathy (3.9 million).
These conditions cause significant economic losses, for example,
the annual loss of work productivity due to visual impairment is
estimated at US $411 billion [1].

Visual impairment affects people of all age groups but is
particularly common in those aged 50 and above [1]. By 2030,
the world population aged 60 and over is projected to grow from
962 million in 2017 to 1.4 billion, while the number of people over
80 is expected to increase from 137 million to 202 million [2]. This
demographic transition will consequently elevate the prevalence
of severe eye diseases.

Age-related macular degeneration (AMD) is the leading cause
of blindness in developed countries and is the third leading cause
of blindness worldwide, behind cataract and glaucoma. By 2019,
approximately 196 million individuals worldwide were diagnosed
with AMD [2]. AMD cases are expected to increase 1.5 times in
the United States by 2050, despite efforts to prevent and treat
neovascular form of AMD [3].

The prevalence of age-related eye diseases is expected to
increase. The number of people diagnosed with AMD is projected
to increase 1.2 times to approximately 243.3 million by 2030. In
Europe, the number of AMD patients was around 67 million in
2020 and is projected to increase to 77 million by 2050 [2]. The
prevalence of AMD is projected to increase by 15 % and the
incidence by 75 % by 2050 [4]. By 2040, Europe is expected to
have 14.9-21.5 million cases of early-stage AMD and 3.9-4.8
million cases of late-stage AMD [5].

Clinical studies indicate that more than 10 % of people aged
65-74 have symptoms of AMD, this figure rises to 25 % among
people aged 75 and over and exceeds 30 % among people over
85. Notably, if AMD is diagnosed in one eye, the other eye is
usually affected within 5 years [6].

AMD is a complex disease influenced by various factors.
Although the role of vitamin D in the development of this disease
is widely discussed in the current literature, a definitive conclusion
remains inconclusive.

Certain studies suggest a correlation between vitamin D
deficiency and an elevated risk of AMD [7,8,9,10,11,12]. On the
contrary, other research does not find such an association [13].
The precise mechanism by which vitamin D influences AMD
remains unclear and requires further study.

It is critical to recognize that vitamin D deficiency is wide-
spread throughout the world [14]. According to the World Health
Organization (WHO), 50-80 % of the world’s population have
insufficient level of this vitamin [14]. In Poland, nearly 90 %
of the population has low level of vitamin D [15]. Similarly, in
Ukraine, over 90 % of the population suffers from vitamin D

deficiency, according to Povoroznyuk [16]. Moreover, among
24.6 million women in Ukraine, more than half are postmeno-
pausal [16]. According to WHO data for 2015, women aged
45 years and older accounted for 46 % of the world’s total
female population [2].

Vitamin D insufficiency can adversely affect health, contri-
buting to the onset of various pathologies, including immune and
autoimmune disturbances, cardiovascular diseases, metabolic
disorders, and cancer [17].

Aim
To increase the effectiveness of the treatment of age-related
macular degeneration, dry form, in postmenopausal women

by determining the level of serum vitamin D and correcting its
deficiency.

Materials and methods

The study was conducted at the clinical base of the Depart-
ment of Ophthalmology of the Bogomolets National Medical
University and was a prospective, case-control study.

All studies were conducted in accordance with the bioethi-
cal requirements of the Declaration of Helsinki adopted by the
General Assembly of the World Medical Association on the
ethical principles of scientific medical research involving hu-
man subjects (1964, with subsequent additions, including the
2000 version), the European Convention of Human Rights and
Biomedicine (1977), the corresponding provision of the World
Health Organization, the International Council of Medical Scien-
tific Societies, the International Code of Medical Ethics (1983),
the laws of Ukraine, and the order of the Ministry of Health of
Ukraine No. 690 dated by 09/23/2009. Conducting of this study
was agreed and approved by the Commission on Bioethical
Expertise and Ethics of Scientific Research at the Bogomolets
National Medical University.

Women (88 people, 88 eyes) aged 72.0 £ 10.1 years were
included in the study.

The criteria for including patients in the study were as follows:
women in the postmenopausal period; presence of confirmed
age-related macular degeneration, dry form (main group) or its
absence (control group); presence of confirmed decrease in
vitamin D level.

All patients evaluated in the study were divided into the fol-
lowing groups: group | — 20 patients (20 eyes) without age-related
macular degeneration in both eyes (control group). We used
data obtained from control group patients to establish reference
values; group Il - 68 patients (68 eyes) with age-related macular
degeneration, dry form (study group).

Similarly to patients in the study group, patients in the control
group also had vitamin D deficiency and insufficiency in the blood.

Depending on the chosen approach to patient care, individu-
als with age-related macular degeneration, dry form (study group),
were divided into the following groups:

— AREDS-2 group — 34 patients (34 eyes) diagnosed with
age-related macular degeneration, dry form, underwent treatment
with medications following the AREDS-2 formula. The treatment
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Fig. 1. Changes in visual functions among patients with age-related macular degeneration, dry form, during treatment (X £ 0). *: p > 0.05
when comparing groups; **: p < 0.05 when comparing before / after within the group.

regimen involved taking 1 capsule twice daily for 2 months, with
a 3-month interval between courses. This cycle was repeated
three times a year;

— AREDS-2 and vitamin D group — 34 patients (34 eyes)
diagnosed with age-related macular degeneration, dry form,
received a combination of AREDS-2 drugs and vitamin D sup-
plements for treatment purposes. Additionally, to the traditional
therapy with AREDS-2 drugs, these patients were also prescribed
vitamin D supplements at a dosage of 6000-8000 IU per day for
2 months, with a 3-month interval between courses of treatment.
This regimen was maintained until optimal levels of vitamin D in
the blood were achieved.

To present the research findings, descriptive statistical
methods were used. Quantitative variables taken from the
electronic primary database are presented as mean values
with standard deviations. The Student’s t-test was applied for
normally distributed quantitative variables, while non-parametric
tests were used for data that did not follow a normal distribution.
Specifically, the Mann-Whitney U test assessed the significance
of differences between means in independent populations.
Also, routine indicators of visibility were used to compare the
indicators obtained in different observation groups (to compare
indicators in dynamics — growth / decrease rates). For analysing
time-based changes in related samples, one-factor ANOVA was
used for normally distributed data, and the Wilcoxon signed-rank
test for non-normal distributions. Correlation analysis methods
included Pearson’s linear correlation coefficient for normal
distributions and Spearman’s rank correlation coefficient for
non-normal distributions to determine relationships between
quantitative indicators. Statistical significance was evaluated ata
threshold of no more than 5 % (p < 0.05). Statistical processing
of primary data was conducted using MedStat V5.2 and EZR
(R-Statistics) software packages.

Results

Following treatment, the visual acuity of women who received
medication according to the AREDS-2 formula was measured
at 0.20 + 0.06 (Fig. 1). Conversely, the visual acuity of women
from the AREDS-2 and vitamin D group was recorded at a level
0f0.19 £ 0.08 (Fig. 1).

Contrast sensitivity indicators after the course of treatment
were 1.01 £ 0.10 and 1.00 £ 0.09, respectively (Fig. 1).

It can be observed from the data that the visual acuity indica-
tors within the specified research groups showed minor variances,
remaining relatively stable compared to the baseline (p < 0.05).

There was a decrease of 7.56 % in visual acuity among wo-
men who only took AREDS-2 drugs, and a decrease of 6.78 % in
the group additionally prescribed with vitamin D drugs. However,
no significant differences in the deterioration of visual acuity were
noted when comparing the groups (p > 0.05) (Fig. 1).

Following the treatment, the logarithmic contrast sensitivity
indicators exhibited a slight decline in both groups, although a
more pronounced decrease was noted among women in the
AREDS-2 group.

Specifically, contrast sensitivity decreased by 2.80 % among
women from the AREDS-2 group, whereas in those who also
received vitamin D medications, the decrease was only 2.25 %.
Nevertheless, upon comparing the groups, these differences did
not reach statistical significance (p > 0.05) (Fig. 1).

Upon analyzing the results of the dynamic observation two
months after initiating treatment, no significant changes were ob-
served in visual acuity and contrast sensitivity indicators (p > 0.05)
both within the groups and between them (p > 0.05) (Table 1).

However, starting from the fifth month of the study, a notable
decline in visual acuity was noted among women who solely
received AREDS-2 drugs (p < 0.05), whereas women who
were additionally administered vitamin D preparations did not
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Table 1. Observation of visual functions over time in patients with age-related macular degeneration, dry form, during treatment, X + ¢

Parameter, units of Examination terms AREDS-2 group AREDS-2 Level of difference
measurement + vitamin D group between groups, p
Visual acuity In 2 months 0.19+0.06 0.18+£0.07 >0.05
In 5 months 0.19+0.06 0.18£0.09 >0.05
After 12 months 0.20 + 0.06 0.19+0.08 >0.05
Level of difference between groups, p <0.05 <0.05
(2 months — 12 months)
Contrast sensitivity In 2 months 1.03£0.10 1.02 £0.09 >0.05
In 5 months 1.02+0.10 1.0210.10 >0.05
After 12 months 1.01£0.10 1.00 £ 0.09 >0.05
Level of difference between groups, p <0.05 <0.05
(2 months — 12 months)
2 12 1.092* 1.083%
’ 1.000* 0.985*
10 W AREDS-2 T T
' 7 AREDS-2 + vitamin D 7/
0.8 %
0.214* 0.217* /
02 - 0.-1r38 % 0.1.|1_2* /
y _ _

Deficiency Insufficiency
\

Deficiency Insufficiency

Deficiency Insufficiency  Deficiency Insufficiency

J J

Y

Visual acuity

Y

Contrast sensitivity

Fig. 2. Comparison of visual acuity and logarithmic contrast sensitivity indicators among patient groups with varying levels of vitamin
25(0H)D supply, during treatment (X * o). *: p > 0.05 when comparing groups.

experience alterations in visual acuity. Moreover, no significant
alterations were observed in contrast sensitivity indicators, both
between groups and within the groups (p > 0.05) (Table 1).

Upon examination conducted 12 months after initiating treat-
ment for age-related macular degeneration using the conventional
regimen and with the incorporation of vitamin D supplements, it
was observed that the progression of visual acuity and contrast
sensitivity decline was slightly more pronounced among women
receiving only traditional therapy (Table 1).

Upon comparing the visual acuity levels among groups of
patients with varying levels of vitamin 25(OH)D, it was observed
that in women receiving only traditional treatment, those with
vitamin D deficiency exhibited lower acuity compared to those
with insufficiency (p < 0.05) (Fig. 2).

Among women prescribed AREDS-2 formula drugs, maxi-
mum corrected visual acuity was 0.21 + 0.05 for those with

vitamin D deficiency, slightly higher (at 0.14 £ 0.03) for those
with insufficiency. A similar trend was noted among women who
supplemented with additional vitamin D medications: 0.28 £ 0.06
and 0.11 £ 0.06 respectively.

Comparing the groups based on their vitamin D levels, it was
observed that visual acuity was lower among individuals with a
deficiency compared to those with insufficiency (Fig. 2).

When examining logarithmic contrast sensitivity indicators
among patient groups with varying levels of vitamin 25(0OH)D
supply, we observed differences. In the group receiving vitamin
D medications alongside traditional therapy, contrast sensitivity
was higher in patients with vitamin D insufficiency (1.08 + 0.06)
compared to those with deficiency (0.99 £ 0.09, p < 0.05).

This trend was similarly observed in the group undergoing
only traditional therapy (1.09 £ 0.07 and 1.00 £ 0.09, respectively,
p <0.05) (Fig. 2).
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However, comparing the vitamin D levels between the groups
revealed similar levels of contrast sensitivity.

Discussion

Age-related macular degeneration stands as a significant
retinal ailment impacting millions of individuals globally. Its preva-
lence is on a steady rise, currently reaching 8.7 %. Predictions
suggest that by 2040, AMD could afflict up to 288 million people
[18].

In the United States, AMD holds a prominent position among
the leading causes of blindness, trailing only glaucoma and cata-
racts [19]. The annual economic toll resulting from AMD-induced
vision loss is estimated at $4.6 billion solely for medical expenses
in the US [20].

AMD profoundly impacts quality of life, complicating tasks
like reading, using electronic devices, driving, and recognizing
familiar faces, potentially leading to depression [20].

In the prospective multicenter randomized clinical trial AREDS
(Age-Related Eye Disease Study), it was revealed that over 10 %
of individuals aged 65-74 exhibit symptoms and signs of AMD
[6]. This figure escalates to 25 % among those over 75 years
old and surpasses 30 % among individuals over 85 years old.

The dry form of AMD constitutes 85-90 % of all AMD cases
globally. However, approximately 80 % of vision loss is due to
the wet form of AMD [21]. Measures that correct pathogenetic
changes and slow down the transition of the dry form to the wet
form are relevant.

Regrettably, there is a lack of current data regarding the
prevalence and incidence of AMD in Ukraine. The most recent
official statistics, dating back to 2017 and published on the Ministry
of Public Health website, focus on retinal diseases. According
to these figures, approximately 1.5 million adults are afflicted
with ocular and appendage disorders, with around 30 % of them
grappling with retinal ailments [22].

The war in Ukraine has caused serious disruptions in the
country’s healthcare system, making it difficult for the population
to access proper medical care, including ophthalmological care.
This can lead to delays in the diagnosis and treatment of AMD,
potentially exacerbating its course and increasing the risk of
vision loss.

Certain scientific research has established a correlation
between vitamin D levels and its protective role against various
eye conditions, including refractive errors, diabetic retinopathy,
dry eye syndrome, and choroidal inflammation [23]. Nonetheless,
the precise mechanism by which vitamin D levels influence the
pathogenesis and progression of AMD is still under investigation.

Scientific literature suggests that receptors for vitamin D are
distributed across more than 38 tissues in the body. Vitamin D
plays a crucial role in regulating essential genes associated with
bone metabolism, oxidative stress, chronic ailments, and inflam-
mation [24]. It is also known to affect angiogenesis, reducing its
manifestations [25,26].

Receptors for vitamin D are also identified in the retina,
particularly in the pigment epithelium and choroid, hinting at
the potential involvement of this vitamin in retinal disorders
[25]. Thus, we can assume the possibility of a negative effect

of reduced vitamin D level on the retina, limiting its potential
protective functions.

In 2007, findings from the third National Health and Nutrition
Examination Survey (NHANES Ill) revealed a potential protective
link between vitamin D levels and AMD [27]. Since then, scientists
from all over the world have conducted a number of studies, but
the results are of the opposite nature [28,29,30].

Experimental research has focused on exploring the impact
of vitamin D metabolites on AMD. In 2016, findings were released
indicating a notable inverse association between vitamin D levels
and advanced stages of AMD [31].

The significance of diet in AMD was initially highlighted in the
outcomes of the National Health and Nutrition Examination Survey
(NHANES) conducted in 1988 [32]. This study identified that a
diet rich in vitamin A from vegetables and fruits was correlated
with a reduced risk of AMD.

Subsequent research has confirmed the significance of
dietary factors, prompting clinical trials to assess the impact of
specific antioxidant vitamins, omega-3 fatty acids, and minerals
such as zinc and copper in AMD management [27,29]. To conduct
research in this area, the AREDS was established. Initial clinical
investigations from AREDS (AREDS-1) revealed that the admi-
nistration of a compound containing beta-carotene, vitamins C, E,
and zinc decelerates AMD progression, particularly its advanced
wet form [33].

Further advancements in nutritional supplements for AMD
emerged with the formulation of AREDS-2, comprising 500 mg
of vitamin C, 400 IU of vitamin E, 10 mg of lutein, 2 mg of zea-
xanthin, 80 mg of zinc as zinc oxide, and 2 mg of copper as
copper oxide [33].

Currently, there exists no unanimous consensus on the
impact of vitamin D supplements in preventing or slowing down
the progression of AMD. The majority of studies are experimental
in nature, and clinical findings present varying perspectives on
this matter.

Thus, there are currently no unified methods for the primary
or secondary prevention of AMD by correcting vitamin D levels,
despite the high prevalence of vitamin D deficiency or insufficiency
in the general population, especially among people over 65 years
of age and postmenopausal women [15,16].

Conclusions

1. Following 12 months of treatment, the AREDS-2 + vitamin
D group showed a likely twofold increase in 25(0OH)D levels
among patients with age-related macular degeneration, dry
form (p < 0.05). Visual acuity, however, experienced a decline of
7.56 % (from 0.19 £ 0.06 to 0.20 £ 0.06) in individuals receiving
only AREDS-2 drugs, and 6.78 % (from 0.18 £ 0.07 t0 0.19 £ 0.08)
in those additionally prescribed vitamin D preparations, although
without statistical significance (p > 0.05). Contrast sensitivity
exhibited a minor downward trend in both groups post-treatment,
with a decrease of 2.80 % in the AREDS-2 group and 2.25 % in
the group receiving vitamin D supplements (p > 0.05).

2. The use of vitamin D preparations slows down the progres-
sion of contrast sensitivity, which can be used in the treatment
and prevention of age-related macular degeneration.
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Prospects for further research. The studies should aim to
establish definitive evidence on the effectiveness of vitamin D
supplementation in improving or maintaining visual functions in
AMD patients.
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The aim of the study was to determine the relationship between disorders of menstrual function in adolescence
and the risk of nonalcoholic fatty liver disease (NAFLD) with comorbid gastrointestinal pathology.

Materials and methods. We examined 129 adolescent girls aged 12—17 years with menstrual disorders (61 with
abnormal uterine bleeding (AUB) and 68 with oligomenorrhea (OM)) and measured anthropometrics, indices
of lipid and carbohydrate metabolism and liver enzymes. Data are presented in the form of mean (M), standard
deviation (SD) and median (Me), a factorial model was developed.

Results. The study shows the peculiarities of the clinical course of menstrual function disorders in girls of puberty
age. Patients with AUB were characterized by significantly lower average body mass indices, they were younger
compared to patients with OM. The nature of metabolic changes that depended on the type of menstrual disorders
in teenage girls was clarified. Adolescents with AUB had statistically significantly higher average levels of immuno-
reactive insulin, HOMA index, triglycerides, very low-density lipoprotein cholesterol, aspartate aminotransferase.
This creates conditions for the formation of nonalcoholic fatty liver disease. A model was created regarding the
participation of dyslipoproteinemia, changes in the carbohydrate spectrum and levels of liver enzymes in the
formation of nonalcoholic fatty liver disease in girls with menstrual cycle disorders.

Conclusions. Disorders of menstrual function are associated with an increased risk of NAFLD formation. Adoles-
cent girls with menstrual disorders need metabolic screening. The atherogenic profile of lipoproteinemia, marked
changes in the carbohydrate spectrum and increased serum levels of liver enzymes in girls with menstrual cycle
disorders are the basis for the formation of nonalcoholic fatty liver disease.

Modern medical technology. 2024;16(3):197-205

MopyweHHA MeHcTpyaAbHOI QYHKL]i B nepioai nybepraty
Ta pU3MK GOpPMyBaHHA HEAAKOTOAbHOI XXMPOBOi XBOPOOU NeuiHKu

B. 0. AuHHiK, 0. 0. AuHHIK, A. €. ApyxuHiHa, C. B. HoBoxaTcbka

MerTa po6oTu — BU3HAUYNTK 3B’A30K MK pO3nagamm MeHCTpyanbHOi (hyHKLIT B NigNiTKOBOMY BiLli Ta pU3WUKOM BU-
HWKHEHHS HeankoronbHOI 1poBoi xBopobu neviHky (HAXKXIT) npy komopBigHil LLMyHKOBO-KMLLKOBIV NaTonorii.

Martepianu i metoan. O6¢Texxunu 129 gisyar-nignitkis (Bikom 12—17 pokiB) i3 poanagamv MeHCTpyanbHOI oyHK-
uii: 61 — 3 aHomanbHUMK MaTkoBUMU KpoBoTedamu (AMK), 68 — 3 oniromeHopeeto (OM). Y navieHToK BUBYMNN
MNOKa3HWKW aHTPOMOMETPIi, NiNIBHOro, BYrMEBOAHOIO CMEKTPIB, (DEPMEHTIB NeviHku. Pe3ynstatn HaBegeHo sk
cepenHe 3HaveHHs (M), ctangapTHe BigxunerHs (SD) Ta megiany (Me); pospobneHo ¢akTopHy Moaens.

PesyabTaty. Y 1OCTIiZKEHH] BU3Ha4eHOo 0coBNMBOCTI KNiHiYHOro nepebiry po3napis MEHCTpyanbHOi (hyHKLIT B aigyat
nybepratHoro Biky. B navientok 3 AMK B13Haunnu [JOCTOBIPHO HIbKYi CEpeaHi MOKa3HUKY iHAEKCY MacK Tina; Kpim
TOro, Ui AiB4aTa monopaLwi 3a nauieHTok 3 OM. BusHaunnm xapaktep MeTaboniyHuX 3MiH, LU0 3anexanu Big Tuny
nopyLUeHb MEHCTPYaLlin y AiB4at-nigniTkis. Y nauieHTok 3 AMK 3adbikcyBanu CTaTUCTUYHO 3HaYyLLO BULLi cepeaHi
PiBHI iIMyHOpeaKTVBHOrO iHCyniHY, iHaekcy HOMA, TpurniLepuais, XonectepyHy NinonpoTeifiB Ayxe HN3bKOI LLjinb-
HocTi, acnaptar amiHoTpaHcdepasu. Lie cteoptoe ymosu anst doopmysanHs HAXKXI. CtBopeHo mogens Liosio
yyacrti gucninonpoteigemii, 3ViH ByrneBogHOro CnekTpa Ta piBHIB (hepMeHTIB neviHku y dopmysaHHi HAXKXIT y
[ZiByar i3 po3nagamm MEHCTPYanbHOro LK.

BucHoBkM. Po3nagy mMeHcTpyanbHOi GyHKUii NOB'A3aHi 3 nigsuieHum puaukom opmysanHa HAXKXI. [i-
BYaTa-NIANITKM 3 NOPYLUEHHAMU MEHCTpyaLii noTpebytoTb MeTabomniYHOro CKPUHIHrY. ATeporeHHUi npodinb
ninonpoTeiaemii, BUpaxeHi 3MiH1 ByrneBOAHOTO CrekTpa i NiABULLEHHS PiBHIB )epMEHTIB NeviHKK y cupoBartLi
KpOBI AiBYaT i3 NOPYLUEHHAMM MEHCTPYaNbHOTO LMKy nexatb B 0CHOBI hopmyBaHHs HAXKXIT.

CyuacHi meauuHi TexHonorii. 2024. T. 16, Ne 3(62). C. 197-205

ISSN 2072-9367

CyyacHi MeanyHi TexHoaorii. T. 16, Ne 3(62), amneHb - BepeceHb 2024 p. 197


https://orcid.org/0000-0002-7692-1856
https://orcid.org/0000-0002-2410-2760
https://orcid.org/0000-0002-6699-7865
https://orcid.org/0000-0003-1623-973X
https://doi.org/10.14739/mmt.2024.3.301976
mailto:viktoriadynnik%40gmail.com?subject=

OpwuriHanbHi pochipkeHHs / Original research

Menstrual health affects a woman’s life from puberty to meno-
pause. Today there are clear parameters of a normal menstrual
cycle. Duration of menstrual cycle varies from 21 to 45 days
(5 perc 21 days, 90 perc 90 days) in adolescence, despite the
variability. The duration of uterine bleeding itself is from 2 to 7
days, and the volume of blood loss should not exceed 50 ml[1,2].
This knowledge is necessary for identifying abnormalities and
making a clinical assessment of the type of disorder. The most
common disorder of menstruation in adolescence is oligome-
norrhea (OM). According to ICD-10, itis scanty and/or infrequent
menstruation. The most severe pathology of menstrual function
is abnormal uterine bleeding (AUB), which is excessive and/or
frequent menstruation [3,4,5].

Recently, there has been an increasing number of publi-
cations on non-alcoholic fatty liver disease (NAFLD) in various
diseases, including menstrual cycle disorders [6,7,8]. NAFLD is
becoming an increasingly common liver disease, with a world-
wide prevalence of 25-30 %, and it's projected to rise to 56 %,
paralleling the rise in obesity and type 2 diabetes [9,10,11]. The
prevalence of NAFLD and the stage of the disease increases with
age and have phenotypic expression. Postmenopausal women
have a much higher rate of progression of this disease than men.
There are a number of comorbidities that are associated to varying
degrees with disease progression in patients with NAFLD. The
most common is the metabolic syndrome [12]. Obesity is very
common among patients with NAFLD, with up to 75 % of over-
weight patients and 90-95 % of morbidly obese patients having
NAFLD [13]. NAFLD is also closely related to insulin resistance
and disorders of lipid metabolism [14,15].

The diagnosis of NAFLD requires confirmation of liver ste-
atosis (according to visualization or histology), as well as the
absence of secondary causes of fat accumulation in the liver,
such as heavy alcohol consumption, long-term use of steatogenic
drugs, monogenic hereditary diseases, etc. [16,17]. Liver biopsy
has a number of disadvantages, not least related to complica-
tions and even very rarely mortality. However, the assessment of
dynamic changes using ultrasound and computed tomography
is not reliable. The greatest unmet need in this field is a specific
biomarker that can diagnose and determine the stage of disease
to replace the demand for liver biopsy [9].

Although liver function tests are not specific and very sensi-
tive, they are recommended for determining the risk of NAFLD.
Reference values of alanine aminotransferase (ALT) have been
revised and updated [18].

Disorders of menstrual function in adolescence may serve
as risk factors for the future development of cardiometabolic
dysfunction, including insulin resistance, cardiovascular diseases,
etc. [8,19], however, there are very few studies on the relationship
between menstrual disorders and NAFLD, they mainly concern
polycystic ovary syndrome [20,21] and are absent in adolescence.

Aim
Based on the above, the aim of study was to determine the
relationship between disorders of menstrual function in adoles-

cence and the risk of nonalcoholic fatty liver disease with comorbid
gastrointestinal pathology.

Materials and methods

There were 129 girls with menstrual disorders under obser-
vation. Examination by a pediatrician and a gastroenterologist
revealed changes in the gastrointestinal tract. They revealed:
functional disorders of the biliary tract, gastroesophageal reflux
disease, gastritis and gastroduodenitis. It should be noted that
functional disorders of the biliary tract prevailed, which were
registered in 88 % of girls with disorders of menstrual function.
There were 68 girls with OM and 61 girls with AUB aged 12-17
years among those examined.

According to the FIGO 2018 classification, AUB is defined as
uterine bleeding with an intermenstrual interval up to less than 21
days and/or a duration up to more than 8 days and/or between
menstrual bleedings [4]. Blood diseases, thrombocytopenia,
blood coagulation insufficiency were excluded in the cohort of
girls with AUB that were examined using screening for hemosta-
sis disorders. The diagnosis of oligomenorrhea was defined as
spontaneous menstruation with an intermenstrual interval up to
more than 45 days with a normal duration [5]. Patients with OM
and congenital or postnatal forms of adrenogenital syndrome,
gonadal dysgenesis and patients with severe disabling extrage-
nital diseases (diabetes mellitus, idiopathic rheumatoid arthritis,
autoimmune thyroiditis and others) were excluded from the study.

Anthropometry included determination of height, body weight,
and body mass index (BMI) was calculated. Interpretation of the
obtained results was carried out using age centile tables [22,23].
Blood samples were taken from the ulnar vein to measure fasting
blood glucose, total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), triglycerides (TG) on a general-purpose
photometer using Cormay sets, with subsequent calculation of
low-density lipoprotein cholesterol (LDL-C) and very low-density
lipoprotein cholesterol (VLDL-C), atherogenic coefficient (AC).
Levels of ALT, aspartate aminotransferase (AST) were measured
using SpL kits, Ukraine. The concentration of immunoreactive
insulin (IRI) was determined by the method of immunoenzymatic
analysis (Rayto RT-2100C photometer) using commercial kits of
reagents from the company “Best Diagnostics”, Kyiv.

Insulin resistance was determined based on the following
equation of the homeostatic model of insulin resistance assess-
ment (HOMA-IR): insulin in fasting blood (uU/ml) x glucose in
fasting blood (mmol/L) / 22.5. The threshold point for insulin
resistance was determined as HOMA-IR 3.45 (75 perc) based
on the results of the examination of 59 healthy girls of the same
age without disorders of menstrual function.

According to the protocol of the Ministry of Health of Ukraine
(September 24,2022 No. 1732) “On the approval of the standards
of medical care “Obesity in children”, normal diagnostic values
of ALT should not exceed 22 IU/L. The levels of aspartate and
alanine aminotransferase may to some extent indicate changes
in liver function and the formation of NAFLD.

Statistical processing of the research results was carried out
by classical mathematical methods of variational statistics using
the statistical package “Statgraphics Plus 5.0". Data are pre-
sented as mean (M), standard deviation (SD), and median (Me).
The Student's t-test, Wilcoxon—-Mann-Whitney, x? was used to
compare indicators. The difference in indicators was considered
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Table 1. Percentage of girls with AUB and OM and different BMI values, %

BMI Diseases of the gastrointestinal tract

AUB

oM

Normative 65.6

60.7

Body weight deficit 18.0

16.9

Excess body weight 1.5

15.7

Obesity 49

6.7

reliable at p < 0.05. System analysis was carried out using factor
analysis. The structure of factor models is presented in the form
of tables containing information on the informativeness of factors
and the value of factor loading coefficients (FLC).

The study was approved by the ethics committee at the Sl “In-
stitute for Children and Adolescents Health Care of the National
Academy of Medical Sciences of Ukraine” and was performed in
compliance with the requirements, norms and basic provisions
of bioethics, meets the ethical principles of medical research
with human participation and the requirements of European and
local protocols.

Results

A comparison of the percentage of different BMI values in
connection with the type of menstrual dysfunction with comorbid
gastrointestinal pathology is shown in Table 1.

As shown in Table 1, there was no significant difference in
BMI between patients with AUB and OM. However, only 61-66 %
of patients had normal BMI values. Body weight deficit and its
excess occurred with the same frequency.

An excess of androgens can be the factor that provokes
NAFLD in the case of a violation of the menstrual cycle [8,24].

Considering that clinically hyperandrogenism can manifest
with hirsutism, acne vulgaris, stretch marks, fatty seborrhea
[25], analysis of these signs revealed the presence of clinical
manifestations of hyperandrogenism in some girls (Fig. 1). Their
frequency in patients with OM was slightly higher than in girls with
AUB (p < 0.06). Moreover, 12.2 % of girls with AUB and 14.6 %
with OM had minor manifestations of hirsutism (from 4 to 14
points on the Ferriman-Galway scale), and 19.6 % with AUB and
30.8 % with OM had severe ones (more than 15 points; p < 0.05).

Some researchers believe that the development and progress
of NAFLD can be influenced by age of menarche [11]. Menarche
is the first menstruation and an event that symbolizes reproductive
health and the transition from childhood to womanhood as the
final chord of sexual maturation (Fig. 2).

It was established that the average age of menarche in
adolescents with AUB was significantly lower than in girls with
OM (p < 0.01).

In most teenage girls, menstruation comes at the age of
12-14 years. It should be noted that among adolescents with
OM this happened probably more often —62.6 % than with AUB
49.2 % (p < 0.05).

Early menarche is considered an important medical and social
problem because it can lead to increased morbidity and mortality

o
S0 % 45.4 %

40 %
32.8%
30 %
20 %
10 %
0%

AUB oM

Fig. 1. Percentage of girls with manifestations of hyper-
androgenism and comorbid gastrointestinal pathology.

2 age
13.0
125
12.0
1.5
11.0
10.5

AUB oM

Fig. 2. Average age of menarche in adolescents with various
disorders of menstrual function and comorbid gastrointestinal
pathology.

30 %
23.0 %

20 %

10% 8.8 %
o

0% .
oM

AUB

Fig. 3. Percentage of girls with various disorders of menstrual
function and comorbid gastrointestinal pathology and early
menarche.
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4 % p<0.014
60 57.1
40 34.8
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Fig. 4. Percentage of altered levels of the blood lipid spectrum in adolescent girls with menstrual cycle disorders and comorbid

gastrointestinal pathology.
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Fig. 5. Percentage of girls with elevated values of glucose, insulin and HOMA index (above 75 percent).

in later life [26,27]. Every fourth girl with AUB and one in 10-11
girls with OM had early menarche (Fig. 3; p < 0.007).

The liver is a dynamic organ that plays a crucial role in many phy-
siological processes, including the regulation of systemic glucose and
lipid metabolism. Dysfunctional lipid metabolismin the liver is the cause
of NAFLD, the most common chronic liver disease worldwide [7].

Girls with AUB are characterized by significantly lower mean
BMI, they are younger compared to patients with OM. Adolescents
with AUB have statistically significantly higher average levels of
IRI, HOMA index, TG, VLDL-C, AST (Table 2).

An individual analysis of lipid spectrum levels revealed that
the overall frequency of lipid spectrum disorders was 71.4 % in
girls with AUB and comorbid pathology and 60.9 % in adolescents
with OM and comorbid pathology (Fig. 4). It should be noted that
lipidograms without pathological changes were registered in
patients with AUB significantly less frequently than in girls with
OM (28.6 % vs. 39.1 %, respectively; p < 0.05).

About one third of girls with disorders of menstrual function
and comorbid pathology of the gastrointestinal tract had elevated
fasting glucose level (Fig. 5).

63.6 % of patients with AUB and 44.6 % with OM (p < 0.02)
had elevated IRl values, and in adolescents with AUB, more
than a third (36.4 %) of these figures exceeded 90 percent. In
patients with OM, IRI higher than 90 percent was registered
much less frequently, in only 7.7 % of girls (p < 0.0001). The
HOMA index above 90 percent was found in every fifth girl with
OM and much more frequently in adolescents with AUB (20.9 %
vs. 39.5 %; p < 0.02).

The average values of ALT were higher than 22 IU/L both
in girls with AUB and OM with comorbid pathology of the gas-
trointestinal tract (Table 2). Individual analysis revealed that the
increase in ALT concentration occurred in 54.2 % of girls with
AUB and in 42.5 % with OM. Moreover, it did not depend on age,
BMI, insulin resistance, age of menarche. That is, more than half
of girls with AUB and almost half of teenagers with OM have
elevated levels of liver enzymes, which may be a risk factor for
the formation of NAFLD.

In almost 100 % of cases, abdominal ultrasound revealed
deformations of the gallbladder, most often its folds (100 % in
patients with AUB and 96.8 % in girls with OM). In 44.4 % of
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Table 2. Average values of clinical and biochemical indicators in girls with menstrual cycle disorders and comorbid gastrointestinal pathology

Parameter, Statistical indicator AUB oM p
units of measurement
Age, years n 61 68 <0.000001
M+ SD 13.78+1.88 16.25+ 1.68
Me 13.40 15.00
BMI, unit n 61 68 <0.001
M+ SD 20.00 £ 4.45 2120+4.35
Me 18.99 20.58
Glucose, mmol/L n 46 68 >0.05
M+ SD 4.95+0.61 5.02+0.60
Me 499 4.94
IRI, cU/ml n 44 65 <0.01
M+ SD 19.26 +9.15 15.56 +7.29
Me 17.95 14.98
HOMA-IR, unit n 43 62 <0.02
M+ SD 4.26 +2.02 349175
Me 3.81 3.23
TC, mmol/L n 46 68 >0.05
M+ SD 4691083 4911090
Me 4.70 4.80
HDL-C, mmol/L n 35 68 >0.05
M+ SD 1.66 + 0.41 1.79+0.38
Me 1.62 1.70
TG, mmol/L n 35 68 <0.002
M+ SD 114 £0.42 0.93+0.33
Me 113 0.83
LDL-C, mmol/L n 35 69 >0.05
M+ SD 2491085 2.76+0.86
Me 257 2.66
VLDL-C, mmol/L n 35 68 <0.002
M+ SD 0.52+0.19 042+0.15
Me 0.51 0.38
AC, conventional units n 35 68 >0.05
M+ SD 1.94 £ 0.67 1.88+0.68
Me 1.86 1.72
AST, IU/ml n 24 40 <0.008
M+ SD 26.33+5.28 23.78 £ 6.81
Me 25.50 23.78
ALT, lU/ml n 24 40 >0.05
M+ SD 23.58 £5.80 22.35+5.98
Me 23.50 22.00
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Table 3. The structure of the factorial model of the relationship between liver enzymes, lipids, and carbohydrates in disorders of menstrual
function comorbid with gastrointestinal diseases

Factors Percent of variance Variable names Factor loadings
F1 334 VLDL-C 0.96
TG 0.96
HDL-C -0.57
F2 233 IRI 0.98
HOMA 0.99
F3 175 LDL-C 0.93
TC 0.98
F4 13.8 AST 0.86
ALT 0.83

SCORE 1

1.6
1.1
0.6
0.1
-0.4
-0.9
-1.4

Means and 95.0 Percent LSD Intervals

Group

Fig. 6. Distribution of average eigenvalues of Factor 1 in patients with AUB and OM with comorbid gastrointestinal pathology.

SCORE 3

23
1.3

0.3

-0.7

-1.7

Means and 95.0 Percent LSD Intervals

Group

Fig. 7. Distribution of average eigenvalues of Factor 3 in patients with AUB and OM with comorbid gastrointestinal pathology.

SCORE 4

1.8
1.3
0.8
0.3

-0.2
-0.7
-1.2

Means and 95.0 Percent LSD Intervals

Group

Fig. 8. Distribution of average eigenvalues of Factor 4 in patients with AUB and OM with comorbid gastrointestinal pathology.

adolescents with AUB and in 64.5 % of girls with OM, a flaky
suspension from a small amount to 20-30-50 % was visualized in
the gallbladder cavity. Amoderate increase in the size of the liver
was found in 55.6 % of patients with AUB and significantly less
often in patients with OM and comorbid gastrointestinal pathology

in 32.3 % (p=0.05). It should be noted that in single cases, small
inclusions were noted in the liver parenchyma of the patients with
AUB. Dilation of the bile ducts also occurred significantly more
often in patients with AUB (27.8 % vs. 16.1 % in patients with
OM; p<0.0001). Inisolated cases, dilation of the portal vein was
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detected. All these changes were more often associated with an
increase in liver enzymes levels. Thatis, almost half of adolescent
girls with menstrual cycle disorders and comorbid gastrointestinal
diseases are at risk of NAFLD formation.

Currently, the relevance and expediency of applying mathe-
matical methods in medical and biological research is beyond
doubt. At the same time, the methods of multivariate statistical
analysis become especially relevant, with the help of which it
is possible not only to systematize data, but also to reveal the
nature and structure of complex relationships between various
components of the studied characteristics.

The first main factor (F1), which describes 33.4 % of the
variability of the initial data, included TG indicators with a FLC of
0.96, VLDL-C with a factor of 0.96 and HDL-C with a negative
FLC of -0.57 (Table 3). The association of variables that are part
of this factor indicates that in girls with menstrual disorders, an
increased level of TG is associated with a reduced content of
HDL-C, which creates preconditions for the development of athe-
rogenic dyslipidemias. The variance analysis of the eigenvalues
of the first factor in relation to the observation groups (AUB and
OM)indicates that girls with AUB have a probably higher average
level of F1 compared to adolescents with OM (p < 0.003; Fig. 6).

The F2 structure describes 23.3 % of the variance of the
analyzed system of features. It is represented by indicators of
the carbohydrate spectrum: IRl with FLC 0.98 and HOMA index
with FLC 0.99. It characterizes the fact of a positive relationship
between the level of insulin and the HOMA index. Probable dif-
ferences depending on the observation groups were not found.

The third factor determines 17.5 % of the variance of the vari-
ability of the variables and indicates a close relationship between
TC (FLC - 0.98) and LDL-C (FLC - 0.93), which may indicate
the genetic basis of dyslipidemia. The analysis of variance of
eigenvalues revealed that its average level in girls with AUB is
significantly lower than in teenagers with OM (p < 0.007; Fig. 7).

The decisive factor for F4 is the pronounced relationship
between liver transferases, which gives an approximate estimate
of its functional state. The dispersion of the eigenvalues of this
factor indicates its significant increase in patients with AUB in
comparison to girls with OM (p < 0.01; Fig. 8).

Thereby, the main factors were established, the combined
effect of which explains 87.7 % of the variability of carbohy-
drate, lipid spectra and liver enzyme indicators in adolescents
with menstrual cycle disorders and comorbid pathology of the
gastrointestinal tract. The structure of interrelationships of the
studied parameters is pathogenetically justified and explains
the influence of metabolic disorders on the formation of NAFLD.
A difference in the influence of 3 factors was found between
patients with OM and AUB. Disturbances of the lipid spectrum
of the blood and high levels of liver enzymes, which contribute
to the occurrence of NAFLD, had a greater impact on the course
of AUB compared to OM.

Discussion

The results, that were obtained in the study indicate a fairly
high risk of NAFLD formation among teenage girls with menstrual
disorders and comorbid pathology of the gastrointestinal tract.

Diagnosis of NAFLD currently requires the exclusion of a number
of problems associated with the accumulation of excess mac-
rovesicular fat. This indicates that there is still a lack of a specific
biological marker that could accurately characterize this condition,
distinguishing it from similar pathologies [28]. However, factors
contributing to the occurrence of this pathology are discussed in
the literature sources. An excess of androgens can be the factor
that provokes NAFLD in menstrual cycle disorders [8,24]. Our
study shows that clinical manifestations of hyperandrogenism
— hirsutism, hypertrichosis, acne vulgaris, stretch marks, sebor-
rhea — were registered in a fairly large group of girls — more than
a third of patients with AUB (32.8 %) and 45 % of patients with
OM. Moreover, these manifestations were significant in almost
every fourth girl with AUB and in a third with OM. This must be
taken into account during the clinical examination of girls with
menstrual disorders.

Factors affecting the formation of NAFLD include excess
body weight, insulin resistance, and the age of menarche [11,13].
Among the examined girls, about 12-16 % had excess body
weight, almost a quarter of teenagers with AUB and every 11
with OM had an early menarche. 64 % of patients with AUB and
45 % with OM had increased IRl and HOMA index. However,
in contrast to literature data, the increase in the concentration
of liver enzymes was not dependent on age, BMI, insulin
resistance, and the age of menarche. It can be assumed that
these factors act separately in the case of menstrual disorders
in adolescence.

The results of our research and literature data [7] confirm that
the leading role in the development and progression of NAFLD
due to comorbid pathology of the gastrointestinal tract is played
by anincrease in the level of triglycerides in the blood. Moreover,
such an increase is much more common in AUB than in OM.
Lipidograms with atherogenic trend were found in 71.4 % of girls
with AUB and in 30.9 % of teenagers with OM.

As follows, in teenage girls with menstrual disorders and
comorbid gastrointestinal pathology, atherogenic dyslipidemia
and carbohydrate metabolism disorders were registered in more
than half of cases, which is a prerequisite for the formation of
NAFLD. This confirms the need for metabolic screening in girls
with disorders of menstrual function.

Factor analysis showed that there is a close relationship
between liver enzymes, lipids, and carbohydrates in the case
of disorders of menstrual function in patients comorbid with
gastrointestinal diseases, which can be considered as predictors
of NAFLD development. A difference in the influence of studied
factors was found between patients with OM and AUB. Distur-
bances of the lipid spectrum of the blood and high levels of liver
enzymes, which contribute to the occurrence of NAFLD, had
a greater impact on the course of AUB compared to OM. This
suggests that AUBs are much more susceptible to hormonal
and metabolic shifts than OMs, which create conditions for the
formation of complications such as NAFLD.

Conclusions

1. Disorders of menstrual function are associated with an
increased risk of NAFLD formation.
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2. The atherogenic profile of lipoproteins, changes in the
carbohydrate spectrum and increased serum levels of liver
transaminases in girls with menstrual cycle disorders are asso-
ciated with the occurrence of NAFLD. Only in 28.6 % of patients
with AUB and 39.1 % with OM had lipidograms that were within
normal limits. 63.6 % of patients with AUB and 44.6 % with OM
(p <0.02) had elevated IRI values, and 54.2 % of girls with AUB
and 42.5 % with OM showed an increase in ALT concentration.

3. Amodel of the interrelationships of lipids, carbohydrates,
and liver enzymes involved in the pathogenesis of menstrual
function disorders and associated with the formation of NAFLD
was created, consisting of four factors that together describe
88 % of the variance.

4. Early diagnosis of NAFLD in teenage girls with menstrual
cycle disorders and risk factors is very important to prevent severe
and irreversible complications from the hepatobiliary system.

Prospects for further research in this area — the study of the
relationship between menstrual function disorders and various
comorbid pathologies and the risk of NAFLD formation, taking into
account not only metabolic abnormalities, but also the influence
of hormonal background.
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Marepianu i MmeToau. [OCTiMKEHO CTPYKTYPHI (MIKPOCTPYKTYpa MOBEPXHi, BiOCYMiCHICTb, KOPO3isi MOBEPXHI,
€MeMEHTHi CTPYKTYpM NOBEPXHI) Ta KMiHiYHi (TSXKKICTb NepiiManaHTuTy Ta MykoauTy, koedilieHT cTabinbHocTi
iMNNaHTaTiB) XapakTepUCTUKN AeHTaNbHUX IMNNaHTaTIB i3 LmpkoHito 3 06pobkoto noeepxHi Metogom PEO Ta
iMAnaHTaTiB 3 TUTaHy noBepxHeto 3 06pobkoto DAE. BukopuctaHo megiaHHui TecT (x%), TecT Kpackena—-Bo-
nnica (H), ogHobakTopHUiA AncnepcinHuin aHania (F). PisHnuto napameTpis BBaxanu CTaTUCTUYHO 3HAYYLLOH
Ha pisHi p < 0,05.

Pesynbratu. [oBepxHst PEO Mana MOHOMITHWIA Luiap MOBEPXH 3 opamu okpyroi hopmu y cepeaHbomy 4,51 Mkm2,
MosepxHs DAE mana baratorpaHHy HenpasumbHy dopmy, Maiixe 7—12 Mkm2. Ha nosepxHi DAE BusiBneHo ByrneLb
(4,59 Bar%), kuceHb (6,16 Bar%) i cnign unHKy. CyTTeBa BiAMIHHICTb enemMeHTHoro cknagy imnnaxtatis PEO
nonsrana B HassHocTi xnopy (0,93 Bar%), cuniuijto (0,14 Bar%), antominito (0,23 Bar%), kanito (0,47 Bar%) Ta
marHito (0,07 Bar%). Peaynsrati nopiBHsHHS KOHTAKTHOTO KyTa 3paskis DAE (29,2 + 5,9°) ta PEO (21,5 £ 3,3°)
He Manu CTaTUCTUYHO 3HaYyLLoi BigMiHHOCTI (p > 0,05). Micnsa 7 ai6 exkcnoauuii B po3unHi SBF y LmpkoHieBnx
iMnnaHTarTiB i3 noBepxHeto PEO Bu3HayeHo 3binblueHHs kanbLito (Ha 21,87 Bar%), doccopy (Ha 35,68 Bar%),
HaTpito (Ha 72,89 Bar%) Ta xnopy (Ha 76,21 Bar%). binbLue He B13Ha4anu amoMiHin, cuniuin, umHk. OcobnmBicTb
3paska TUTaHOBOrO iMnnaHTary 3 nosepxHeto DAE — nuiwe dpoHoBui piBeHb kanbito (0,06 Bar%) Ta BigcyTHICTL
cocdopy; HalbinbLL Baromo npeacTaBneHi kuceHb (16,71 Bar%), Byrneup (12,37 Bar%), HaTpiit (6,47 Bar%) i
xnop (5,90 Bar%). OuiHtoBaHHs aaresii KNiTMH [0 NOBepxHi 3paskiB Zircon-Prior Ta B&B Dental Hi Ha nepLuy, Hi
Ha cbomy [06y iHkybaLjii He BUSIBUIO CTATUCTUYHO 3HAYYLLOT BiMIHHOCTI.

KniniuHi 03HaKku pe3opOLii KicTKOBOI TKaHWHW Br3HaueHi Haskono 30,8 % imnnaHTartiB Zircon-Prior 3 noBepxHeto
PEO, 27,3 % — B&B Dental 3 nosepxHeto DAE (p = 0,8); 3ananeHHs cnn3osoi 060MoHKM — y AinsHKax BCTaHOB-
nenHs 34,6 % imnnantaris PEO 72,7 % DAE (p = 0,009). BrpayeHo 3,8 % imnnantaris PEO i 9,1 % imnnaHTaris
DAE (p = 0,44). CepepHi nokasHukm ctabinbHocTi (KCI) gocToipHo BigpisHsanucs: 59,2 + 4,1 ans imnnaHTatis
DAE nopieHsiHO 3 64,4 £ 4,9 ang imnnanTartis PEO, p = 0,003.

BucHoBku. Pe3op6Lito KICTKOBOI TKaHWHM HABKOMO LIMPKOHIEBNX iMnnaHTaTiB i3 noBepxHeto PEO (30,8 %) Bu-
3Hayanu yacTille, HiX HaBKOMO TUTaHOBMX iMNnaHTaTiB 3 06pobkoto nosepxHi metogom DAE (27,3 %, p = 0,8).
KniHiuHi 03HaKku GakTepianbHOro ypaxkeHHs 3'SBRsnUcs YacTille Ta Manm Tsbkuuii nepebir HaBKkomno iMnnaHTaTis
i3 nokputTam DAE (72,7 %), HiX y finsiHkax BcTaHoBneHHs imnnanTatis PEO (34,6 %, p = 0,009). Y umpkoHieBnx
iMnnaHTartie 3 06pobkoto noepxHi Metogom PEO (64,4 + 4,9 of.) nokasHuk ctabinsHocTi (KCI) gocTtoBipHO BY-
LLMIA, HiX y TUTAHOBWX iMNnaHTaTiB 3 06pobkoto noepxHi meTogom DAE (59,2 + 4,1 oa., p = 0,003). IMoBipHiCTb
«BTPaTU» TUTAHOBWX iMNNaHTaTIB 3 06pobKoto noBepxHi Metogom DAE (9,1 %) Ha XipyprivyHux eTanax imnnaHTawi
BMLLA, HiX LIMPKOHIEBMX iMnnaHTaTiB 3 06pobkoto noBepxHi metogom PEO (3,8 %, p = 0,44).

CyuacHi meauuHi TexHoAorii. 2024. T. 16, Ne 3(62). C. 206-213

Evaluation of anti-inflammatory properties on the surface of dental implants
depending on the type of processing (Part Il)

S. D. Varzhapetian, M. A. Shyshkin, T. V. Strohonova, 0. 0. Kokar

The aim. Study of the anti-inflammatory properties of the surface of commercial dental implants made of zirconium
and titanium with different processing methods using the example of the course of the first stage of implantation.

Materials and methods. The structural (microstructure of the surface, biocompatibility, surface corrosion, elemental
surface structures) and clinical (severity of peri-implantitis and mucositis, coefficient of implant stability) charac-
teristics of dental implants made of zirconium with surface treatment by the PEO method and implants made of
titanium with DAE surface treatment were studied. Median test (x?), Kruskal-Wallis test (H), univariate variance
analysis (F) were used. The difference in parameters was considered statistically significant at the p < 0.05 level.
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Results. The PEO surface had a monolithic surface layer with rounded pores averaging 4.51 um2. The DAE
surface had a polyhedral irregular shape, about 7-12 pmZ On the DAE surface: carbon — 4.59 wt%, oxygen —
6.16 wt% and traces of zinc were found. A significant difference in the elemental composition of PEO implants
was the presence of chlorine (0.93 wt%), silicium (0.14 wt%), aluminum (0.23 wt%), potassium (0.47 wt%)
and magnesium (0.07 wt%). The results of comparing the contact angle of the B&B Dental 29.2 + 5.9° and
Zircon-Prior 21.5 + 3.3° samples had no statistically significant difference (p > 0.05). After 7 days of exposure
in the SBF solution, zirconium implants with a PEO surface increased calcium by 21.87 wt%, phosphorus by
35.68 wt%, sodium by 72.89 wt%, and chlorine by 76.21 wt%. Aluminum, silicium, and zinc were no longer
detected. The peculiarity of the titanium implant sample with the DAE surface was only the background level of
calcium - 0.06 wt% and the complete absence of phosphorus; the most significant components were oxygen
—16.71 wt%, carbon — 12.37 wt%, sodium — 6.47 wt%, and chlorine — 5.90 wt%. Assessment of cell adhesion
to the surface of Zircon-Prior and B&B Dental samples neither on the first nor on the seventh day of incubation
did not demonstrate a statistically significant difference. Clinical signs of bone tissue resorption were identified
around 30.8 % of implants with a PEO surface and 27.3 % of implants with a DAE surface (p = 0.8); inflammation
of the mucous membrane — in the areas of installation of 34.6 % of PEO implants and 72.7 % of DAE (p = 0.009).
3.8 % of PEO implants and 9.1 % of DAE implants were lost (p = 0.44). The average ISQ were significantly
different: 59.2 + 4.1 DAE implants versus 64.4 + 4.9 PEO implants, p = 0.003.

Conclusions. Resorption of bone tissue around zirconium implants with a PEO surface (30.8 %) was more
common than around titanium implants with DAE surface treatment (27.3 %), p = 0.8. Clinical signs of bacterial
damage were more frequent and more severe around DAE-coated implants (72.7 %) than in the areas of PEO
implants (34.6 %), p = 0.009. In zirconium implants with surface treatment by the PEO method (64.4 + 4.9 units),
the index of stability (1ISQ) was significantly higher than in titanium implants with surface treatment by the DAE
method (59.2 t 4.1 units, p = 0.003). The probability of “loss” of titanium implants with DAE surface treatment
(9.1 %) at the surgical stages of implantation is higher than that of zirconium implants with PEO surface treat-

ment (3.8 %, p = 0.44).

Modern medical technology. 2024,16(3):206-213

Y cTomatonorii OCHOBHUI MaTepian Ans AeHTanbHWUX
iMnnaHTaTie — TuTaH (Ti), Le 0BrpyHTOBAHO MOTO BUHATKOBOK
BiocyMiCHICTIO Ta MexaHiYHUMIK BnacTueocTaMu [1,2]. HesBaxa-
t04M Ha MOCTIHY MOSBY Ha PUHKY HOBMX KOMEPLIMHMX CUCTEM
iMNIaHTaTIB i3 NoKpaLLEeHUMM i3VKO-XIMIYHUMM Ta MEXaHIYHUMM
XapaKTepuCTUKaMU, KinbKiCTb 3ananbHNX YCKIagHEHb He 3MeH-
LyeTbCA | cTaHoBUTL Big 4,5 % 8o 10,0 % [3].

OpHieto 3 HAMMOLIMPEHILLMX NPUYMH HeBAANOI iMMNaHTaLii
BBAXal0Tb YyTNMBICTb CNrasiB Ti 4O MikpoopraHiamis, LU0 36inb-
LLyE pU3MK NicnsionepaLliiHux iHDeKLIn | 3arpoxye NO3UTUBHOMY
MPOrHo3y nikyBaHHs [4]. IMnnanTaT-acouifoBaHi iHeKwii 3a3su-
yail BUHUKAKOTb Yepes Kinbka TWKHIB nicns onepauii [5]. Ans
BUPILLEHHS! LiyX NpoBnem AOCiAHVKM MPOOOBXKYHTh BUBYATY PidHi
moaudikaLii 06pobku noBepxHi [6,7]. Came Tonorpadisi noBepXHi
[eHTanbHWX iMMaHTaTiB € BaXNUBUM (hakTOpOM CTUMYNSALLT
nponichepaLii KniTuH, Lo NPUCKOPIOE NPOLIEC OCTeOoIHTErpaLlii, a
Takox 3anobirae aaresii 6akTepin, a BiaTak i po3BUTKY 3ananbH1X
yCknagHeHs [8].

[MoBepXHi AN OOCTYNHUX Ha PUHKY iMMnaHTaTis Moaudi-
KyKTb Pi3HUMM MeTOAaMM MeXaHiuyHoi Ta XiMiyHoi 06pobkm [9].
TexHonorist 06po6ku noBepxHi imnnanTatis SLA (Sand-blasted,
Large grit, Acid-etched) — ogHa 3 nepwwx i HakbiNbLW noww-
PEHMX, CKagaeTbCs 3 JBOX eTaniB: MiCKOCTPyMUHHA 0bpobka
Benvkoi sepHucTocTi AL O, Ta kucnotHe TpasnerHs HCliH,SO,.
lMoeaHaHHS BENMWKMX 3anaduH Big NiCKOCTPYMUHHOT 06pobku Ta
Manux 3anaguH Big KACIMOTHOTO TPaBMEHHS Crpusie npouecy
OCTeOIHTErpaLlii LUMSIXOM CTBOPEHHS! OMTUMAIbHOI LLIOPCTKOCTI
MOBEpXHi. BinbLL Mi3HIM i cyyacHUM METOAOM 0BPOBKY NMOBEPXHI
iMnnaHTaTiB BBaXatoTb NNasMoBY ENeKTPONITUYHY okcuaaLilo
(Plasma electrolytic oxidation, PEO) [10]. JoBeneHo edekTyie-
HicTb PEO-NOKpUTTIB Yepe3 CTBOPEHHS LLapy NAiBK NOPUCTOrO

OKCUAY Pi3HOT TOBLLMHM, BinbLL CNPUSTIIMBOIO ANs aAreaii KNiTuH
[11].

OpnHak xopcTkicTb cnnasiB 3 Ti Binblua, HiX y KICTKOBOT
TKaHWHW; Lie NPWU3BOAMUTL 4O PO3CMOKTYBAHHS KICTKM HABKOMO
iMnnanTaty [12]. Hwkumin mogynb NpYyXHOCTI MatoTb Crrasy
B-tuny Ti. [ns nigBuLleHHs BiocymicHOCTI A0 TUTaHy Jo4akTb
Takox Nb, Mo, Zr, Sn ta Ta[13]. Y Kinlbkox Cy4acHWX JOCTimKeH-
HSIX BUBYAIM LIMPKOHI SIK ONTUMArbHy anbTepHaTuBy TUTaHy B
CTOMATOMONiYHil iMnnaHTonorii [14,15]. BcTaHOBWIW, WO CMaBm
LIMPKOHItO Ta HioGito (Zr — Nb) MatoThb KpalLly KOpO3iliHy CTilKiCTb
i nogibHy GiocyMicHicTb, nopiBHAHO 3 Ti — 6Al — 4V Ta unctm Ti
[15]. Ba GinbLue, B OKpeMmx AOCTImKEHHSIX NOKa3aHo, LU0 bakTepii
ripLue NpUKPINMKTLCA A0 IMNAHTATIB i3 LMPKOHIO NOPIBHSHO
3 TUTaHoBUMM [16].

HesBaxaloun Ha Te, LIO anbTepHaTVBHI MaTepianu, Sk-oT
piokeua umpkoHito Ta PEEK (Polyether ether ketone), Bxe BuB4a-
W, CKNagHo 3pobUTM OCTaTOYHI BUCHOBKM LLOAO iXHIX Nepesar
MOPIBHSAHO 3 TUTAHOM. 3HAYHWUM HEOOMNIKOM AESKMX JOCTmKEHb
€ Te, Lo 3 BaraTbMa pisHUMY 3MiHHAMM 11 0OMEXEHMI NPSMUMU
3iCTaBNEHHAMM OiNbLUICTb NOPIBHANBHUX AOCTIMKEHD 3OIACHUNM
in vitro 3 BUKOPUCTaHHSM AUCKIB, @ He in Vivo 3 hopMoto 3yOHOTO
iMNaHTaTy, Sika BpaxoBye XapaKTepUCTUK MaKpOPIBHS.

Baxnmeo npoaHaniaysati HOBILLI JOCTIMHKEHHS 3 MPSAMUM
MNOPIBHSHHSAM Pi3HWUX MOAMiIKaLLi¥ NOBEPXHi 3 KOPOTKOCTPOKOBUM
i BiAAANEeHUM CroCTepPexXeHHs M, OO KpaLle 3po3yMiTW noka-
3aHHS, a TaKOX PU3NKKM 1 NepeBaru 4ns KOXHoro BapiaHTa [8].
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JocnimKkeHHs aHTU3ananbH1X BNacTUBOCTEN KOMEPLIMHMX
[eHTanbHUX iIMNaHTaTIB 3i CNNaBiB LMPKOHIO | TUTAHY 3 Pi3HUM
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MeToaoM 0OpobKM MOBEPXHI Ha Npuknagi nepebiry nepLuoro
eTany imnnaHTadii.

Marepiaaun i meToAU AOCAIAKEHHA

Jocnignnu KoMepLinHi rBUHTOBI iHTpaocanbHi AeHTanbHi
imnnaHTaty 3i cnnasy Zr — Ti — Nb, akuit cknagaetses 3 B-Ti Ta
B-Zr thas, 3 06pobKOK NOBEPXHI METOLOM Na3MOBOI ENEKTPO-
nitnyHoi okeupaauii — PEO; a Takox iMnnaHTaTy, Lo BUrOTOBMEHi
3 TuTaHy Mapku Grade 4 3 eKCKMHO3MBHIIM METOA0M 06po0KM Mo-
BepxHi BioActive LUnsixoM noaBiNHOrO TpaeneHHs MiHeparbHUMM
kucnotamm — DAE (Double acid etching).

lNauieHTam Bikom Big 25 go 60 pokiB BcTaHOBNEHO 48
BHYTPILLHBOKICTKOBMX TBMHTOBMX iMnnaHTartis: 22 (45,8 %) — 3
nosepxHeto DAE, 26 (54,2 %) — PEO.

[eTanbHo MaTepianu i MeToau SOCTIKEHHS, yMOBY iHKYOy-
BaHHS, peaKkT1BY Ta 0braiHaHHA OMKCaHo B YacTuHi |, y cTarTi
[17]. Bei eTanu gocnimkeHHst NOBEPXHI iMNNaHTaTiB 34iNCHUNM
y naboparopii Ha 6a3i LieHTpy KOMeKTUBHOTO KOPUCTYBaHHS
HaykoBMM 0BnagHaHHsAM CyMCBKOro 1epXXaBHOrO YHIBEPCUTETY.

[nsa nocnimkeHHs MIKpOCTPYKTYpW MOBEPXHI 3paskiB BUKOPU-
CTanw ckaHyBanbHWiA enekTpoHHuiA Mikpockon SEO-SEM Inspect
S50-B FEI Company (Yecbka Pecnybnika). Penbed nosepxHi,
HasIBHICTb | PO3MIpU MOPUCTUX CTPYKTYP OLIIHWIM, BUKOHABLLM
ckaHyBanbHYy eneKkTpoHHy Mikpockonito (Scanning electron
microscope, CEM) 3a onomorot nporpamHoro 3abesneveHHs
Imaged 1.51w (University of Wisconsin, Madison, WI, USA).

EnemeHTHWI aHani3 noBepxHi 3pa3kiB BUKOHANM LUSISIXOM AuC-
MePCINHOI PEHTIEHIBCHKOT CNEKTPOCKONIT 3 BUKOPUCTAHHAM X-ray
spectrometer (AZ-tecOne with X-MaxN20, Oxford Instruments
plc, Abingdon, UK). Koposito noBepxHi 3paskis in vitro ouiHoBanm
B po3uuHi Simulated Body Fluid (SBF), Lo mMicTUTb KoHLEHTpaLji
iOHIB, €KBIBaNEHTHI TakuM y NnasMi KpoBi NoauHU. Pesyneraty
MOPIBHANM 3 JaHUMK, LU0 OTPUManu o noyatky aerpagawii. bio-
CYMICHICTb maTepianis BU3Hayarnu, BUKOPUCTOBYHOUN KynbTypy
Me3eHximaribHIX cToBOypoBux knituH B CO, iHkyGaTopi (Biosan,
TNatsis); BUKOpUCTanu cepenosuLLe Irma B mogudikavii Jyns6eko.

MornuHanHsa ouiHoBanu 3a gonomoroto Multiskan FC
(Thermo Fisher Scientific, Waltham, MA, USA) npu goBxuHax
xBub 570 Hm i 600 HM. Pegykuito pe3asypuHy Bu3Ha4anm Ha 1,
3 1a 7 poby, BUKOHAnNM TpU NOBTOPY AMst KOXHOIO BUAY 3paskiB.

[icns 4OCMIMKEHHS UMTOTOKCUYHOCTI 3pasku NOZIUM Ha
[Bi rpynu. 3pasku nepLuol rpynu BigMuBanu Bif cepefoBuLL
DMEM/F12 posunHom PBS i chikcyBanu KniTMHU Ha MOBEPXHI
3paskiB 2,5 % po3dynHoM rmyTapanbaerigy nporarom 1 rog. dani
3HEBOMHIOBANY B CIMPTaX BUCXIAHOI KOHLEHTPaLii, BUCYLLYBanu
TarotyBanu 4o CEM wnsxom HanunewHst cpibna. 3pasku apyroi
rpynu nicns NpoMuBaHHS gikcysanu B 4 % 3abydepeHoro gop-
Manbgerigy npotsirom 20 X8, poMuBany posdmHom PBS. Hapani
3pasku 3aHyptoanu y posuuH DAPI B possegenHi 1 : 10 000
AN 3abapBneHHs XMTTE3naTHUX saep knituH. dotorpadysany
3a gonomoroko nyopecueHTHoro Mikpockona Carl Zeiss AG Ta
nporpamHoro 3abesneyeHHs ZEN 3.0.

KniHiuHi eTanu gocnimxeHHs nauieHTiB 3gicHuny Ha 6asi
KHIM «Micbka nikapHs eKCTpeHol Ta LUBUAKOT MeaUYHOI AoMno-
morny 3MP, NpuBaTHUX CTOMATONONYHKX KITiHIK (M. 3anopixoks,
YkpaiHa).

[liarHOCTUYHI napaMeTpy OLHIOBaHHS TSHKKOCTI nepiiMn-
NaHTUTY Ta MYKO3UTY — IMUOMHA NepiiMNNaHTaTHOI KMLWEHI
Ta KpoBoTeYa npy 30HAYyBaHHi [14]. CTyneHsm nepiiMnaHTuTy
HapaHo paHru: 1 — nerka opma; 2 — NomipHa; 3 — Taxka; 4 —
BTpata imnnaxTaty. KoediuieHT cTabinbHocTi imnnanTaris (KCI)
ouiHtoBany 3 BukopuctaHHam npunagy AnyCheck (NeoBiotech,
MNiBoeHHa Kopes).

Pesynbrari onpaLitoBanu 3a 4OMOMOIO CTaTUCTUYHOTO Na-
keta Statistica 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J).
[ns ouiHIOBaHHS 3HAYYLLIOCTI pi3HWLY paHriB nobyaysanu i nopis-
Harm 95 % posipyi iHTepsanu [95 % Cl] ans panris. Jani Bubipok
HaBeJeHO K CepefHi Ta cTaH4apTHi BigxuneHHs (M £ m), 95 %
[O0Bipyi iHTepBanu, Megian, 25 % i 75 % ksaptuni (Me [Q1; Q2)).
[N MHOXVHHOTO NOPIBHSHHS BUBIPOK BUKOPUCTaNN MeaiaHHuI
TecT ¥, TecT Kpackena—Bonnica (H), ogHodakTopHmMin gycnep-
cinHui aHania (F). PisHnLto napameTpiB BBaXKanm CTaTUCTAYHO
3HauyLLOt0 Ha piBHi p < 0,05.

Pe3yabtatu

XapakTep NoBepXHi AeHTaNbHMX iMNIaHTaTIB Ha 3006paXeHHi
CEM-3paskiB 3 06pobkoto noBepxHi PEO cyTTeBO BigpisHAETLCS
BiA 3pas3kiB 3 06pobkoto nosepxHi DAE (puc. 1).

Tak, iMnnaHTaTy 3 noepxHeto PEO Manu MOHOMITHWIA Lap Mo-
[AndpikoBaHOI NOBEPXHI MOpaMM OKPYToi oMU — yHKaMK PiHOro
piametpa Ta rnbuHi. CepenHs nnota nepepiay nop —4,51 mkm?
i3 BENMKVM fiana3oHoM 3HaueHb: Big 0,04 Mkm?2 (MiHiMansHuit) 4o
820,71 mkm? (MakcumansHui). Mpote 92,0 % ycix BuMiptoBaHb Nop
NpUNaaarno Ha nioLLy roprU3oHTaNLHONO NEPEepiay, LLO CTaHoBUNa
MeHLLie Hix 10 Mkm2. [piGHi nopw BigkpuBaniCh Ha NOBEPXHi 3pas-
ka, 3MM1BaloYMChb, YTBOPIOBaNM Benuki nopu. CepeaHst TOBLUMHA
6anok Mix nopamu ctaHoeuna 12,3 + 4,5 mkm.

lNoBepxHs iMnnaHTaTy 3 06pobkoto nosepxHi DAE npu ma-
nnx 30iNbLUEHHsIX Masia MOHOMITHY CTPYKTYPY i3 3aroCTpEHNMM
NencTKONOAIGHMM rpaHaMK Ha MOBepxHi. Ha 30BpaxeHHs X
BENMKOro 3BiNbLLEHHS CTPYKTYPY NOBEPXHI 3paska Manw barato-
rpaHHy HenpasurbHY chopMy Ta poamipu 6nn3bko 7—12 Mkm?. Y
BaraTbox MiCLIIX BOHW Many BUMNISiA HaLLapyBaHb i3 TpiLLMHaMK,
LLIO HEMILHO NOB’Si3aHi 3 MOBEPXHEHO.

EnemeHTHWiA aHani3 MeToaoM AMCNEPCINHOI PEHTTEHIBCHKOI
CMEKTPOCKONIT 1aB 3MOry BCTAHOBUTH, LLIO OCHOBHUM EMTIEMEHTOM
Ha NOBEPXHi 060X 3paski OyB TWTaH. [ndhepeHLinoBaHO HaNMEH-
LUy KinbKiCTb enemeHTiB Ha noBepxHi DAE: Byrneub — 4,59 Bar%,
knceHb — 6,16 Bar% Ta cnign umHky. CyTTeBa BigMiHHICTb ene-
MEHTHOrO cknagy iMnnanTatis PEO nonsirana B HasiBHOCTi XIopy
(0,93 Bar%), cuniuito (0,14 Bar%), antominito (0,23 Bar%) (puc. 2).
Haronocymo Ha 3HauHil nepeBaai imnnaxTaris PEO 3a HasBHiCTHO
kanito (0,47 Bar%) Ta marHito (0,07 Bar%).

BigMiHHOCTI pesynbTaTiB NOPIBHSHHSA KOHTAKTHOTO KyTa
3paskiB DAE (29,2 = 5,9°) ta PEO (21,5 + 3,3°) cTatucTuuHo
HegocToBipHi (p > 0,05).

Micns 7 pi6 pocnimkeHHs Koposii AeHTanbHUX iMNNaHTaTiB
y po3umnHi SBF ans imnnanTaris i3 nosepxHeto PEO xapakTtepHe
3MEHLLIEHHS IIMOWHM MOp, CTOHLLEHHS 260 YaCTKOBE PYMHYBaHHS
Banok. CepenHs nnoLa nepepiay nop craHoeuna 3,08 mxm?2. He-
3BaXaK4M Ha 3MEHLLUEHHS NIOLL NOMNepeYHOro nepepisy Masnmx
nop anst PEO 1a DAE, npougcy koposii Npr3Benit 4o 30iNnbLUeHHs!
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Puc. 1. 3Hivkn SEM noBepxHi AEHTaAbHUX iMMA@HTaTIB i3 pidHUM Tunom nosepxHi. 1A: PEO (10.0 um), 1b: PEO (15.00 um), 1B: DAE
(20.0 um), 1T: DAE (5.00 um).
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Puc. 3. EAeMeHTHHMII CKAaA NOBEPXHI 3paskiB nicas 7 Aib koposii B po3unHi SBF. 3A: DAE; 3b: PEO.
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Puc. 4. NochinkeHHs 6iocyMiCHOCTI 3a AOTIOMOrOH BU3HAUEHHS PiBHA PeAYKLIi pe3asypuHy B AMHaMiL.
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Tabaunua 1. KoedilieHT cTabinbHOCTI iMNAGHTaTIB

CTaTUCTUYHUIN NOKA3HUK DAE, n = 26 PEO, n =22
M+m 59,2+4,1 644+49

Me [Q1; Q2] 58,0 [56,0;61,0] 65,0 [62,0; 67,0]
Mo 58,0 65,0

p 0,003

KifIbKOCTi Ta MIIOLLi BEMMKMX MOP LUASXOM 3MEHLLEHHS KiSIbKOCTi
nop HaMMEHLLIOT NnoLLi nepepiay. Lie npu3seno 4o 40CTOBIPHOrO
30inbLueHHs nopuctocTi: go 29,97 + 1,91 % (p < 0,001) — ans
PEO, 32,03 + 1,07 % (p < 0,001) — gns DAE.

EnemeHTHWIA cknapa noBepxHi 3paskiB nicns 7 Aio ekcrnoauuii
B po34mHi SBF MaB 3HauHi BigMiHHOCTI (puc. 3). Tak, imnnaHTaTu
PEO xapakTtepu3sysanucs 36inbLueHHsM kanbLto (Ha 21,87 Bar%)
Ta poccopy (Ha 35,68 Bar%); BinbLue He BU3HAYANM antoMiHin,
CUMILA i LyHK. KpiM TOro, BUSIBUNM 3HAYHE 3BiMbLLEHHS HAaTpito
(Ha 72,89 Bar%) Ta xnopy (Ha 76,21 Bar%).

OcobnusicTio 3paska 3 nosepxHeto DAE by nuwe do-
HoBWiA piBeHb Kanblio (0,06 Bar%) Ta BigcyTHICTL docdopy.
HaibinbLu BaroMo npefcTasneHi kuceHs (16,71 Bar%), ByrneLb
(12,37 Bar%), Hatpin (6,47 Bar%) i xnop (5,90 Bar%).

Y pesynbTaTi BUSHAYEHHS LUTOTOKCUYHOCTI AEHTaNbHUX
3paskiB BCTAHOBWITY BifCOTOK PeayKLiii pe3asypuHy, LLO BiANoBiaae
KINbKOCTi XUTTE30aTHUX KNiTUH. OLiHIOBaHHS aaresii KnitiH 1o
noeepxHi 3paskis PEO Ta DAE Hi Ha nepLuy, Hi Ha cbomy 06y iH-
kyGaLlii He BUSIBIANO CTATUCTUYHO 3HAYYLLMX BIAMIHHOCTEN (puc. 4).

Ha 7 poby iHky6aLii HalBuWLLWIA piBeHb peayKLii pe3asypuHy
MaB 3pa3ok DAE - 82,5 % (p >0,05). Y Bcix 3pa3kax He BUsiBneHa
uutoTokcnyHa gis. [lo 7 0obu excnepuMeHTy piBeHb peayKuii
pesa3ypuHy 3paskis DAE cyTTeBo nigeuwmsces — 8o 40 %. Ha
noBepxHi 3paskis PEQ B13Hauunm GinbLU piBHOMIPHWIA PICT KITITUH
Ha 7 poly iHky6aLli.

Ha nosepxHi 3paskis PEO Bu3Haumnm HepiBHOMIpHI CKyn-
YEHHS KMiTUH, @ Ha noBepxHi 3paskiB DAE Taki CKynyeHHs He
BUSIBMEHI, KNITWHW PO3MiLLyBanuch Ha BinbLLii BiaCTaHi ogHa
Big 04HOI Ta Ginblu PIBHOMIPHO BKpMBanu NoBepxHto. Po3mip
s0ep Ta okpyrna (opma 0fHaKOBI ANs BCIX BUAIB 3paskiB, 6e3
Bi3yarnbHOi pi3HuMUi. CKrnagHui penbed iMnnaHTaTiB He 1aB 3MOTU
06paxyBaTty KinbKiCTb KMiTUH Ha CM2,

Micns 7 pi6 iHkyBauji KniTMHY Ha NOBEPXHI IMNNaHTaTiB Manu
npaBurbHy opMy Ta MilHWA koHTakT. OcobnumBicTio 3paskis
PEO 6yno yTBOpeHHs KMITUHHWX KOHIMOMEpATIB i BigKNageHHs!
Binka. Y Aeskux MicLsSX MOHOLLAp KIMiTWH NepeTBOPIOBABCS Y
GaratoLuapoBy CTPYKTYpy 6e3 UiTkol andhepeHLiaLyii MEX KIiTuH.

Ha noeepxHi 3paskiB DAE Me3eHximarnbHi CTOBOYPOBI KMiTUHY
pO3TalLLOBYBanucs piaLLe, KniTuH1 CBOIMY BipoCcTKamu 3aimanm
BENMKY MIOLLY Ta Man 4o6pe pO3BUHEHI MiXXKMITUHHI KOHTaKT!.
Po3mipu KniTuH, He3anexHo Bif BUAY 3paska, He Manu cTaTuc-
TUYHO 3HAYYLLMX BiMIHHOCTEN.

Y pesynbTarti KniHIYHOro AOCAIMKEHHS BUSBUNN pe3opOLito
kicTkoBOi TkaHuHM HaBkono 30,8 % (n = 8) imnnaHTaris i3 noBepx-
Heto PEO, HaBkono 27,3 % (n = 6) imnnaHTaTiB i3 MoBEpXHEH
DAE (p = 0,8); 3ananeHHs cnmn3oBoi 060M0HKM 3adikcoBaHo y
AinsHKkax BcTaHoBNeHHs 34,6 % (n = 9) imnnaHTatiB PEOi172,7 %
(n=16) DAE (p = 0,009).

Pe3op6uist KICTKOBOI TKaHWHK HaBkomno iMnnaHTatie PEO
Tinbkw ropusoHTanesHa. Y 87,5 % (n = 7) Bunagkis pesopbuii
rmubrHa fedhekTy KICTKM HAaBKOIIO iMNIaHTaTy Bignosigana nerin
chopwmi nepiimnnanTuty (< 25 % foBXuHKM iMnnauTaty, p = 0,036);
y 12,5 % (n = 1) BunagkiB — nomipHin chopmi (< 25-50 % SOBKMHM
iMnnanTary, p = 0,13); BUnagkm Tsxkoi opmMu He 3adhikCoBaHi.

Haskono imnnaHTartis DAE BepTukansHy pesopbuito BcTa-
HoBunn y 9,1 % Bunagkis, wo Bignoeigano 33,3 % Bunagkis
nepiimnnaHTuTy. Pe3opbuis KICTKOBOI TKaHWHM rOpU3OHTarnbHa
Haskono 18,2 % (n = 4) imnnaxTaris. 3aranom nerkoi hopmu
nepiiMNNaHTUT 3a MWUOMHOK NepiiMNNaHTHOI KMLWeHi 3adikco-
BaHo y 33,4 % Bunagkis pesopbuii, nomipHoi dhopmn —y 50,0 %,
TsHKKOI — Y 16,7 %.

BrpayeHo 3,8 % imnnanTatis PEO i 9,1 % imnnanTatis DAE
(p=0,44).

Y MicLsIX BCTAHOBMEHHS iMMiaHTaTiB i3 noBepxHeto PEO my-
KO3MT IErKoro CTyneHs aiarHoctosaHo y 77,8 % (n =7) Bunagkis,
nomipHoro —y 22,3 % (n = 2); BUNagKy MyKO3WTY TSHKKOTO CTYMeHs
He BusiBreHi. Y 31,2 % Bunaakie BCTAHOBMEHHS iMMIAHTATIB 3
nosepxHeto DAE iHTeHCUBHICTb KpOBOTE BinoBigana nerkomy
CTYNeHo MykoauTy, y 43,7 % — nomipHomy, y 12,5 % — Tskkomy.

Pesynbrati gocnimkeHHst cTabinbHOCTi iMNnaHTaTiB HaBe-
[eHo B mabnuyi 1. 3rigHO 3 AaHMMK, WO HaBedeHo, CepeHi
MoKa3sHWKKM CTabinbHOCTI AOCTOBIPHO BigpisHanuces — p = 0,003.

06roBopeHHA

PisHi noBepxHeBi MoaudikaLlii iMnnaHTaTy BiapisHATLCA 3@
©anaHcom MiX MOCUIEHHSIM OCTEOIHTErpaLii LLUMSIXOM 3ary4eHHs,
aaresii Ta nponidepaLii ocTeoreHHUX i hibpodnacTUYHMX KNITUH,
MiHimi3aLieto 6akTepianbHOi aaresii i yTBOpeHHs Gionnisku.
LLlopcTkicTb noBepxHi, Lo Ge3nocepeaHso BMMMBAE i Ha OCTEOIH-
Terpawito, i Ha popMyBaHHsi ionniBKK, € OCHOBHOKO MILLIEHHO 711
BCiX BUAIB NOBEPXHEBMX MOAMAikaLin. OaHaK CKIagHO BUSHAUMTM
ONTUMaINbHWA METOZ, OCKINTbKW ANs AOCArHEHHS MiLHILLOT dpikcaLyii
KICTKM MOTpiOHa LLOPCTKICTb NoBepXHi npuHaimMHi 1,0—-1,5 Mkm, a
Mexa yTpyMaHHs 6akTepiii cTaHoBUTb 0,2 MKM (SIKLLO MOKa3HWKM
LIOPCTKOCTi BYULL, MOCUIOETLCS HakonnyeHHs bakTepit). Cepep
hisnyH1X MoamdikaLlin TUTaHy MIKPOPIBHEBI 4OCSralOTh HaMHaLN-
HILLIOT OCTEOIHTerpaLii, a HaHOpIBHEBI MoaMdikaLlii edhekTVBHiLLe
3HWXKYOTb BakTepiansHy aaresito [8].

IMnnaHTaTH, WO MICTATL TUTaH, 0BMEXEHO BUKOPUCTOBYHOTb
Yy CyyacHi iMNNaHToNOrii, OCKINbKM BOHWU HE MOXYTb MOBHICTHO
[0CAITY OCTEOIHTErpaLlii Ta He 3anobiratoTb YTBOPEHHHO Bionnis-
kn. TUTaHOBa NOBEPXHS! IMMMIAHTATY peakTUBHa Nif Yac BBy
GionoriyHux piguH (Hanpwknag, crnuHk Ta KpoBi) abo noBiTps,
00 YTBOPIOETLCA [iOKCKA TUTaHY, IO € NAcUBYIOYMM LLAPOM i
BM3Ha4ae BiocyMicHicTb iMnnaHTary [8].
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Bynyun matepianom konbopy 3y6a, Aiokcuz, LIMPKOHIlo MOXe
MOKPALLWTI ECTETUYHWIA Pe3ynbTaT y NaLlieHTa Ha PiBHI M'SKNX
TKaHWH i Ha piBHi pecTaspauii [18]. MogibHo Ao TTaHy, aiokeua
LIMPKOHItO € OCTEOKOHOYKTUBHWUM i BiOCYMICHUM, CNpUYMHSIE
MEHLLY peakLito TKAHUH i BUBIMbHEHHS TOKCUYHUX iOHIB Y HABKO-
NALWHI TKaHyHK [19]. Tak, crinas LMPKOHItO 3 iTpiEM, SKuiA yTBOPIOE
CTIMKY CTPYKTYPY NONIKPUCTANIYHOMO TETPAroHanbHOro giokeuay
LIMPKOHito, CTabinisoBaHOro okenaoM iTpito (Y-TZP), npu KiMHaTHIN
TeMnepatypi MaB nepeary 3a GionoriYHAMM Ta MexaHiYHUMK
Brnactmueoctamu [19,20]. Tak, Y-TZP 3abesnedye ctumynsuito
nponicpepaLii 0CTEOreHHMX KMiTUH Mig Yac ocTeoiHTerpalii,
XapakTepuayeTbCs BUCOKOH CTIMKICTHO 4O BTOMM, Mae XOPOLLWIA
MOZYynb MNPYXHOCTI, MiLIHUI Ha PO3PMWB i HA BUIWH, CTIAKWMA OO
KOpogii, peHTreHOKOHTpacTHWIA [20].

Po3pisHsitoTb Makpo-, MiKpo- Ta HaHOPIBHI (i3nyHOT Moau-
ikauii imnnanTartie [21]. Mogudikauii MakpopiBHS Br3HaYa-
I0TbCS BUAMMOIO rEOMETPIEt B MiniMeTpoBoMy MaciuTtabi. Taki
0cobnmBoCTI, SIK dhopMa Tina iMMNaHTaTy Ta pisHi Bi3epyHKM
pi3bbu MOXYTb MOKPALMTL NEPBUHHY hikcaLito Ta Tpusany
cTabinbHiCTb iMnnaHTaTy. Mogudikauii Ha MiKpOpiBHI MOXYTb
30iNbLUNTY NMAIOLLY MOBEPXHi IMNNAHTATIB Y MIKPOMETPUYHOMY
macLTabi, nocunoun opMyBaHHs iGPUHOBOTO MaTpUKCy
SIK OCTEOKOHZYKTUBHOIO Kapkaca [nsi OCTEOreHHWUX KMiTuH i
BiOKNaf4eHHs KICTKOBOTO MaTpuKcy. lNocumneHa LopCTKiCTb no-
BEpXHi TakoX Npu3BoguTb A0 Ginbl cTabiniaoBaHoro 3s’s3ky
Mikpob — cybcTpar Wsxom 36iMbLUEHHS NOLL NOBEPXHi Ans
npuKpinneHHst 6akTepilt i 3axucTy BakTepil Bif cunu 3cyBy PiguHL
[22]. Bigomo, wo neBHi Tonorpadii, SK1x 3a3suyan focsAraTb
y HaHoMacLuTabi, 3MeHLLYOTb aaresito 6akTepiit Ta 0BMeXyHTb
MOLIMPEHHST iHbexwi [23].

KoHcTpykuis 3yOHMX iMnnaHTaTiB Ha MakpopiBHi BpaxoBye
thopmy (koHyCHY ab0o napanenbHy), BisepyHOK pisbOu Ta 3arasbHi
HepiBHOCTi Ha MakpopiBHi. KyT Mix nuuesum Gokom pissbu Ta
MIOLWMHOL, L0 NEPreHAMKYNspHa A0 JOBroi OCi iMmaHTary,
Ha3WBaloTb «JIMLEBUM KyTOM». BiH € cneundivHoo xapakTe-
PUCTUKOH Pi3bbu, L0 BU3HAYAE CUMy 3CYBY. 3i 3MEHLLEHHAM
TOPLIEBOrO KyTa 3aBUTKa cura 3cyBy 3aMeHLLyeTbes [20].

MogaudbikaLii MikpopiBHSI NOBEPXOHb iIMMTAHTATIB KONMBaOTb-
csy macwrabi sig 1 Mkm o 100 Mkm. PicT KicTok CTUMYNIOETbCA
Ha KIITUHHOMY PiBHi, OCKiNIbKI MIKPOHEPIBHOCTI CpUStOTL Ande-
peHLiaLil 0CTeoreHHUX knituH [24]. MogudikoBaHa noBepxHs
Ha MIKPOpIBHI CMIOHYKae TPOMBOLUMUTI BUAINATY Pi3Hi MeaiaTopw,
Lo JonomaratoTh cTabiniaysati Tpomb i cchopmysatu ibpu-
HOBY MaTpuLI0 Ha iMnnaxTarti. Came Lei ibprHOBMIN MaTpPHKC
Bifirpae ponb OCTEOKOHAYKTUBHOIO CKeneTa Ans MirpaLii octeo-
FEHHUX KMITVH, LLO 3PELLTOH 3yMOBITHOE (POPMYBAHHS KICTKW Ha
noeepxHi imnnanTaty [20]. MoeepxHeBi 0coGNMMBOCTI, CTBOPEHI B
MikpomacLuTabi, MOXyTb iCTOTHO BNIMBATY Ha hOpMyBaHHS Gio-
MIBKY, OCKIMbKW BOHW MatoTb TOMorpaddivHMin poamip, NogibHuiA
[0 KOMOHI3aLinHUX MikpoopraHiami (~1 MkM), @ Gi3UKO-XiMiuHi
BMaCcTMBOCTI (Hanpukmnag, LWOPCTKICTb i 3MOYyBaHICTb) TaKoX
MOXYTb BYT Pi3KO 3MiHEHI.

Konu imnnaHTat MoaugikyoTb Ha HaHOPIBHI, TO PO3MIp Ma-
Tepianis, LLO BUKOPUCTOBYOTb NS MOAMIKALIN, KONMBAETLCA Y
mexax 1-100 Hm. Lli noBepxHi MOXyTb MiABALLTY 3MOYYBaAHICTb
ANt OCaPKEHHs KICTKOBOI MaTpuui Ta chakTopiB pocTy. 3ayBa-
XMMO: MogudikaLii Ha HaHOPIBHI 3HIKYIOTb aaresito BakTepi

i 3BMEHLLYIOTb iHCheKLUito, Lo 36iraeTbeca 3 MOPOroM LIOPCTKOCTI
nosepxHi 0,2 Mkm [25].

HaHOKOMMO3MTHI NOKPUTTS TakoX BUKOPUCTOBYBanu
Ha 3yOHMX iMNnaHTaTax Ans MaHinynBaHHA MeXaHiYHUMK
BMAcTUBOCTSIMM MaTepianis, o6 BOHK Kpalle Bianosiganu
XapaKkTepucTMkam NpupogHoi KicTkn. Hanpuknag, cpibno e
HaWNePCNeKTUBHILLUM enNeMEHTOM Yy MOKPUTTI 3 HAHOYaCTUHOK
ANs iMNaHTaTiB 3aBAsKM OTO LIMPOKOMY CMEKTPY Ta TpuBasin
aHTUMIKPOGHiIW Aji. MOKPUTTS HAHOYACTMHOK Cpibna Ha TUTaHOBMX
MoBEPXHsIX 3a0€e3neYye CTaTUCTUYHO 3HauyLLi aHTUGaKTepianbHi
BNacTWUBOCTI NpoTu Staphylococcus aureus, fonoMaratoum 3ano-
GiraTvt nepiiMnnanTuTy [24].

BcraHoBneHo, Lo MexaHivHO 06pobneHi LYpKOHIEBi iMnaH-
TaTV MaKTh 3iCTABHY MPOAYKTUBHICTb 3 MEXaHIYHO 06POGIEeHNMM
TUTAHOBVMM iMNNaHTaTaMK, OCKINbKM MeXaHiYHO 0BpobneHuit
LIMPKOHIEBWIA BiOKCMA Mae 3HAYEeHHS! KOHTaKTy MK KICTKOK Ta
imnnaxTatom 33,74-84,17 %, a 3Ha4eHHst MexaHiYHO 00pobneHoro
TUTaHy ctaHoBuTb 31,80-87,95 %. MoaibHO 4O TTaHY, LMPKOHIEBY
MOBEPXHI0 MOXXHa MOZMiKyBaTM NiCKOCTPYMWUHHOK 06pOBKOI0 Ta
KACTOTHUM TP@BMEHHAM, W06 36inbLUMTI MIIOLLY NOBEPXHI ANs
ocTeoiHTerpalii. lMickocTpyMuHHa 06pobka Aiokcuay LIMPKOHILO 3
YacTuHKaMy po3mipoM 250 MKkM npr3Bena Ao HanbinbLL MoCUNeHol
apresii kniTuH octeobnacris in vitro [19]. Kpim Toro, nosepxHi 3
JioKCMaY LMPKOHiIt0, MoaudikoBaHi MiCKOCTPYMUHHOK 0BPOGKOHD
3 KUCMOTHUM TpaBeHHsIM ab0 6e3 HbOro, 3HAYHOK MIPOKO Nepe-
LUKOZKanmM yTBOPEHHto Gionnieku S. sanguis i P. gingivalis, wo
CynepeumnTb nonepeaHiM CroCTEPEKEHHSIM Ha MOBEPXHI TUTaHY
SLA[26]i nigkpecntoe nepesary MaTepianis i3 JioKCyay LMPKOHIt.

Pisni matepianu ans noKpuTTa (KpeMHe3eM, MarHii, asor,
Byrnewp i I'K) nokpalLytotb BionoriyHi BNacTUBOCTI fiokeuay un-
pkoHito [19]. HaHovacTuHkn ZnO MOXHa BUKOPUCTOBYBATU NSt
MOKPUTTS IMNNaHTaTIB ANst 3abe3neveHHs aHTubakTepianbHOI
aKTVBHOCTI Ta 3anobiraHHs kopoaii. Hanpuknag, npy piHi pH 13,2
nokputtsa PEO/ZNnO Ha iMnnanTari 3i cnnasy AZ31B nokasarno
BiHOBHY aKTWBHICTb LLOAO KOMOHIN E. coli Ta S. aureus [27].

MikpoTonorpadiyHO CcknagHi NOBEPXHI MOXYTb MOTEHLito-
BaTW aKTMBAL|t0 TPOMOOLMTIB, SiKi BUPOONSTUMYTH LIMTOKIHM Ta
dhakTopu pocTy, L0 MOAYMOKTL OcTeoiHTerpalito. Lii noBepxHi
TaKOX CMpUSTUMYTb OCTEOKOHAYKLT, 36inbLUyouN AOCTYNHY
Moy NOBEPXHi AN MPUKPINMeHHs ibpuHy Ta 36inbLUyoYm
YTPUMaHHS TUMYaCOBOI CTPYKTYPHOI MaTpuLi 3rycTKy KpoBi Ha
OCHOBI (hiBpWHY, Yepes siKy OCTEOreHHi KIITUHW MatoTb MirpyBaTy,
06 AOCArTM MOBEPXHI iMNMaHTaTy Nicns Aoro BBeAEHHS. 3a3Ha-
YMMO, LLIO B OKpeMix poboTax HayKOBWIA IHTEPEC 30CepeKeHMI
Ha iMnNnaHTaTax i3 NOBEPXHAMM, L0 NPOTPaBMEH NOABINHOK
kucnototo (DAE). IxHi BNacTVBOCTI MOPIBHIOKTS i3 XapakTepuc-
TUKaMu NOBEPXOHb, WO 0OpobneHi TpaguLiiHiMM MeToaamu.
B iHWOMY JocnimkeHHi nokasaHo: penbed i XiMiYHWiA cknag
MOBepPXHi TUTaHy iCTOTHO BNNMBAOTL Ha aKTUBALlil0 TpOMOOLMTIB
i BUBISIbHEHHS XEMOKIHIB [28].

Uepes HU3bKIiA OMip 3CYBY OKCWAHOTO LIAPY TUTAHOBI iMMITaH-
TaTV MatoTb MoraHi TPUBOMOrivHI BNACTUBOCTI, LLO HE AAKOTb 3MOrW
BMKOPUCTOBYBATH iX y GiomeaunuyHi. HaHeceHHs nokputTs ZnO
30b-reflb METOAO0M MOKPALLMIO iXHi TpUBONOrivHi BNAacTMBOCTI
Ta 3aXMCTWNMO Bif 3HOLLYBaHHS [29]. HAaHOKOMMO3WTHI NOKPUTTS
3 ToHKMX nriBok Ag,0 / ZnO / NiO MOXyTb MiABULMTY CTIKICTL
[0 kopoaii [30,31].
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BucHoBKH

1. Pe3opbuito KICTKOBOI TKAHWUHW HABKOIO LIMPKOHIEBMX iMM-
naHTarTiB i3 noBepxHeto PEO BM3HauMnmn yacTille, Hx HaBKoMo
TUTaAHOBUX iMNNaHTaTiB 3 06pobKo noBepxHi MeTogom DAE
(30,8 % Ta 27,3 % signosigHo, p = 0,8).

2. 3ananeHHs crim30B0i 0O0MOHKM BUHUKAE YacTiLLe Ta Mae
TSHKYMIA Nepebir HaBkono iMnnanTartis 3 nokputTam DAE (72,7 %),
HIX Yy dinsiHkax BcTaHoBneHHs imnnanTaTis PEO (34,6 %,
p = 0,009).

3. Y umpKoHieBMX iMnnaHTaTie 3 00pobKOK NOBEPXHI Me-
Togom PEO nokasHuk ctabinsHocTi (KCI) € AoCTOBIpHO BULLMM
(64,4 £ 4,9 og.), Hix y TMTaHOBMX iMNNaHTaTiB 3 00pobKoto Mo-
BepxHi metogom DAE (59,2 + 4,1 oa., p = 0,003).

4. IMOBIpHICTb «BTPaTH» TUTAHOBMX iMMMNAHTaTIB 3 00POBKOI0
noBepxHi metopom DAE Ha XipypriuHux eTanax imnnaHTauji 6inb-
wa (9,1 %), Hix LypKOHiEBNX iMNNaHTaTiB 3 06POBKOK NOBEPXHI
metogom PEO (3,8 %, p = 0,44).
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The aim of the study was to evaluate the action of dental gel with IL-1 receptor antagonist on the indicators of nitrosative
stress and antioxidant system in rats with experimental chronic generalized periodontitis.

Materials and methods. Experimental chronic generalized periodontitis (CGP) was modeled using a calcium-deficient
peroxide diet with reduced masticatory function in Wistar rats weighing 190-220 g for 8 weeks. The studied pharma-
cological agents were administered within 30 days after the development of CGP: 1 % dental gel with IL-1f receptor
antagonist (1 mg/kg, locally using a dispenser); and antioxidant Mexidol (250 mg/kg, intragastrically). To assess the
condition of periodontal tissues, the levels of nitrotyrosine, INOS, Cu/ZnSOD, and glutathione peroxidase-4 were deter-
mined by immunoenzymatic quantitative analysis; levels of stable metabolites of NO, reduced and oxidized glutathione
were determined using biochemical methods.

Results. Course administration of dental gel with IL-1f antagonist in a therapeutic regimen to rats with CGP resulted
in a decrease in the depth of periodontal pockets, almost complete elimination of bleeding and swelling of the gums,
as well as to a decrease in iINOS expression by 37.8 % (p < 0.05), nitrotyrosine concentration — by 55.2 %, and
NO metabolites — by 30 % (p < 0.05) in the blood of animals. Dental gel with IL-1f antagonist application resulted
in an increase in concentration of reduced glutathione by 63 % (p < 0.05), glutathione peroxidase-4 expression
— by 60.4 % (p < 0.05), and Cu/ZnSOD - by 31.2 % (p < 0.05) in the blood of animals with CGP. Mexidol, when
administered to rats with CGP, affected only two studied indices — the level of nitrotyrosine and reduced glutathione
(p < 0.05). However, it was inferior to the gel with the IL-1B receptor antagonist in terms of the degree of influence
on these parameters (p < 0.05).

Conclusions. The obtained results provide experimental justification for further study of IL-13 antagonist as a promising
agent for the treatment of CGP.

Modern medical technology. 2024;16(3):214-219

BnAuB cTOMAaTOAOriUHOrO reato 3 aHTarodictom IL-18
Ha NOKa3HUKM HITPO3aTUBHOIO CTPECY U aHTUOKCUAAHTHY CUCTEMY
B LLYpiB 3 eKCnepuMeHTaAbHUM XPOHIYHMUM reHepani30BaHMM NapOAOHTUTOM

0. 0. AmutpieBa, |. ®. BeneHiues, |. b. Camypa, B. I. CanbHKKOB, A. B. Pobota

MeTa po60T1 — OLiHWTY BNIVB rento CTOMATONONYHONO 3 PELIENTOPHUM aHTaroHICToM |L-13 Ha nokasHWku HiTpo3aTyB-
HOTO CTPECY 1 @HTUOKCWAAHTHY CUCTEMY B LLYPIB 3 EKCNIEPYMEHTATHUM XPOHIHHM reHeparnisaoBaH!M NapoAOHTUTOM.

Marepianu i meToau. EXCrieprmeHTanbHNI XpOHIYHWI reHepaniaoaHui napogoHTUT (XITT) BigTROpIOBaNK y LLypiB MiHii
Bicrap macoto 190-220 r 3a JOMOMOroK0 NEPEKUCHOT KanbLii-AediLMTHOT AIETU 3i 3HKEHOHO XKyBarbHOK (yHKLIED
npotsirom 8 TxHiB. Gapmakonoriyni areHT BBoaunmM npotsirom 30 Aib nicnst coopmysanHst XIT1: 1 % renb ctomaro-
TNOTiYHMIA i3 peLenTopHUM aHTaroHicToM IL-1[ (1 Mr/kr) — MicLieBO 3a AOMOMOTOH 03aTOPa; aHTUOKCUAAHT MEKCUAON
(250 mr/kr) — BHyTpiLLHbOracTpanbHO. [ns OLjHIOBaHHS CTaHy TKAHWH MapOAOHTa METOAOM iMyHODEPMEHTHOTO aHa-
i3y BU3Ha4Mnm piBHi HiTpoTupoanHy, INOS, Cu/ZnSOD, rmyTatioHnepokcuaasn-4 (GPx4); 3a fonomoroto GioxiMivHmx
MeTO/IB BCTAHOBUIM piBHi cTabinbHUX MeTabonitis NO, BigHOBNEHOTO Ta OKVCHEHOTO FyTaTioHY.

Pesyabtatn. KypcoBe BBEfEHHS refio CTOMATONOrYHOrO 3 aHTaroHicTom IL-1B y nikyBanbHOMY pexuMi Liypam i3
XTI npn3Beno A0 3MEHLLEHHS! MUOMHM NapOLOHTANBHIX KULLEHb, MalKe MOBHOTO YCYHEHHS! KPOBOTOUMBOCTI Ta
HabpsiKy SceH, a Takox [0 3HkeHHs excnipecii INOS Ha 37,8 % (p < 0,05), KoHLeHTpaLii HITPOTUPO3MHY — Ha 55,2 %,
NOx — Ha 30,0 % (p < 0,05) y kpoBi TBapuH. CTOMaTOMOri4HMIA refb 3 aHTaroHicToM IL-1( nigBuULMB KOHLIEHTpaLLit
BiIHOBMEHOrO rnyTaTioHy Ha 63,0 % (p < 0,05), excnpecito GPx4 — Ha 60,4 % Ha (p < 0,05), Cu/ZnSOD - Ha 31,2 %
(p<0,05) y kposi TBapuH i3 XI'T1. Mekcvaon npu BBeAEeHHi Lypam i3 X1 BNnvBaB Tinbku Ha piBHi HITPOTUPO3MHY Ta
BiHOBEHOro rnyTaTioHy (p < 0,05). OgHak 3a CTyneHem BnnvBY Ha Lii MOKa3HWKY BiH NOCTYNABCS rerto 3 peLenTopHUM
aHTaroHictom IL-1P (p < 0,05).
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BucHoBKH. Pe3yniTatii AOCTIMKEHHS € eKcriepuMeHTabHIM 0BrpyHTYBaHHSM ANs MPOAOBKEHHS BUBYEHHS aHTaroHiCTa
IL-1B sk nepcnekTBHOTO 3acoby Anst NikyBaHHSI XPOHIYHOTO reHepaniaoBaHoro NapofoHTHTY.

CyuacHi mepuuHi TexHonorii. 2024. T. 16, Ne 3(62). C. 214-219

Itis known that periodontal tissue diseases are a prerequisite
for tooth loss. Tooth loss due to periodontal disease is 510 times
higher than the frequency of tooth extraction due to caries and its
complications. Such early multiple loss of teeth causes significant
suffering of patients, creates social and everyday inconvenience
for them, and induces a number of functional disorders of the
digestive tract and other body systems. According to WHO, about
80 % of people suffer from periodontal disease, while in adults
the incidence of periodontitis and gingivitis ranges from 53.0 %
to 97.5 %. However, the incidence of periodontal diseases is
increasing, including among young people; already in childhood,
the prevalence of both caries and gingivitis reaches 80-95 %.
According to a study by Global Burden of Disease Study (2016),
severe periodontal disease is the 11" most common disease
worldwide [1,2,3]. The prevalence of periodontal disease ranges
from 20 % to 50 % worldwide [1].

Considering the current knowledge of pathobiochemical and
molecular mechanisms of the inflammatory process in periodon-
titis, it is promising to use medications that inhibit the main meta-
bolic pathways of biosynthesis of pro-inflammatory molecules
such as prostaglandins, leukotrienes, thromboxanes, cytokines,
reactive oxygen and nitrogen species, lipid hydroperoxides [4,5,6].

Antioxidants such as thiotriazoline, alpha-tocopherol, seleni-
um preparations, recombinant superoxide dismutase preparation,
propolis preparations, mumiyo, and plant complexes with biofla-
vonoids are currently widely used in the treatment of periodontitis.
These drugs are used in various dosage forms — parenteral
solutions; oral capsules and tablets; gels, pastes, ointments; and
films used locally for electrophoresis [7,8,9,10,11]. However, as
practice shows, the impact on only one of the mechanisms of
periodontitis formation — free radical — does not lead to a complete
cure. There is a need for drugs that are able to influence several
links, including the initial ones in the pathogenesis of inflammatory
processes in the oral mucosa.

The impact of periodontal pathogens on the tissues of the
periodontal complex triggers a number ofimmune mechanisms. It
has also been established that the expression of pro-inflammatory
cytokines, such as interleukin-1 beta (IL-1B), TNF-q, increased
activity of inducible nitric oxide synthase (iNOS), and activation of
nitrosative stress accompanied by an increase in cytotoxic forms
of nitric oxide (NO) are important links in the pathogenesis of
inflammatory processes in the oral mucosa [12]. These cytokines
can activate osteoclastogenesis and bone resorption by osteo-
clasts. Increased migration of macrophages under the influence
of cytokines and their constant presence in tissues aggravates
destructive processes in the periodontium [13].

Cytotoxic forms of nitric oxide (NO), such as the peroxynitrite
anion (ONOO") and the nitrosonium ion (NO*) lead to chemical
modification of macromolecules, inhibiting the reparative process-
es in tissues, suppressing immunity, and disrupting the molecular
biochemical mechanisms of cellular signaling [14]. Nevertheless,
only antibacterial medications, such as minocycline, doxycycline,

roxithromycin, amoxicillin, and metronidazole with a very limited
action on IL-1B are used in dentistry. Their effect disappears
within 6 months [15].

IL-18 receptor antagonists / antibodies that interrupt IL-1B-de-
pendent cascade mechanisms of ischemic neurodestruction and
regulate glutathione-dependent mechanisms of HSP, expression
in brain mitochondria and cytosol during acute ischemia are of
great interest to pharmacologists and clinicians [16,17].

Oromucosal gel with an IL-1(3 receptor antagonist (IL-1RA)
was developed at the Department of Medicines Technology of
Zaporizhzhia State Medical and Pharmaceutical University. Pre-
clinical studies have shown its efficacy, safety, and harmlessness
when administered to laboratory animals [18]. All of the above
determines the relevance and prospects of the study.

Aim
To evaluate the effect of dental gel with IL-1B receptor anta-

gonist on indicators of nitrosative stress and antioxidant system
in rats with experimental chronic generalized periodontitis.

Materials and methods

The experiments were performed on 40 sexually mature
white Wistar rats weighing 190-220 g, taken from the breed-
ing center of the Institute of Pharmacology and Toxicology of
the Academy of Medical Sciences of Ukraine. The duration of
quarantine (acclimatization period) for all animals was 14 days.
During the quarantine, each animal was examined daily (behavior
and general condition). Twice a day the animals were observed
in cages (morbidity and mortality). Before the start of the study,
animals meeting the criteria for inclusion in the experiment were
distributed into groups using a randomization method.

Experiments and all manipulations with animals were carried
out in accordance with the regulations on the use of animals in
biomedical experiments (Strasbourg, 1986, as amended in 1998)
and the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Scientific Purposes. The
experimental research protocols and their results were approved
by the decision of the Zaporizhzhia State Medical and Pharma-
ceutical University Bioethics Commission.

Modeling of chronic generalized periodontitis (CGP) in labo-
ratory animals was reproduced using a peroxide calcium-defi-
cient diet with reduced masticatory function for 8 weeks. In the
drinking bowls for drinking water, there was a 2 % solution of
EDTA, and the pro-oxidant Delagil (chloroquine phosphate) was
administered to the animals at a dose of 30 mg/kg in the form
of a 0.59 % aqueous solution daily. During the experiment, the
animals received soft food [19].

Atter the formation of CGP, the animals immediately received
the studied agents. Forty rats were divided into four groups of
ten animals each:
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1. Intact group, that should receive isotonic saline solution
(0.9 % NaCl) intragastrically for 30 days;

2. Control, animals with experimental CGP, which should
receive isotonic saline solution (0.9 % NaCl) intragastrically for
30 days;

3. Animals with experimental CGP, which should be applied
1% dental gel with IL-183 receptor antagonist at a dose of 1 mg/kg
locally to the affected areas of the periodontium using a dispenser
for 30 days [18];

4. Animals with experimental CGP, which should receive the
reference drug Mexidol (PJSC “Technolog”, Ukraine) at a dose
of 250 mg/kg intragastrically daily for 30 days [17].

The study used 1 % oromucosal dental gel with IL-1(3 receptor
antagonist, developed at the Department of Medicines Technolo-
gy of Zaporizhzhia State Medical and Pharmaceutical University
[18], and Mexidol (ethylmethylhydroxypyridine succinate, Mexicor,
PrdSC “Tekhnolog”, Ukraine). At the end of the study, rats from all
experimental groups were taken out of the study under thiopen-
tal-sodium anesthesia (40 mg/kg). Following this, blood samples
were obtained from the celiac artery for subsequent analysis.

Preparation of biological material. Blood was taken from the
abdominal aorta by syringe, and serum was separated by cen-
trifugation at +4 °C at 1500 rpm for 20 min [20] on an Ependorff
5804R centrifuge.

Enzyme-linked immunosorbent assay (ELISA). Nitrotyrosine
in blood serum was determined by the solid-phase sandwich
immunoassay method of ELISA. The ELISA Kit (Catalog No.
HK 501-02 from Hycult Biotech, Uden, Netherlands) was used
according to the instructions.

The activity of inducible nitric oxide synthase (iNOS) in the
blood serum was assessed with enzyme immunoassay using the
MyBioSource kit (SanDiego, CA, USA, #MBS023874), according
to the instructions.

The activity of Cu-Zn-dependent superoxide dismutase in
blood serum was evaluated with enzyme immunoassay using Rat
SOD1 / Cu-Zn SOD (Sandwich ELISA). ELISA Kit — LS-F4234
from LSBio (USA) was used according to the instructions.

Glutathione peroxidase 4 activity in blood serum was as-
sessed by enzyme immunoassay using GPX4 (Rat Glutathione
Peroxidase 4, Phospholipid hydroperoxide glutathione) ELISAKit
from MyBioSource, Inc (USA). Catalog #MBS934198 was used
according to the instructions. These analyses were conducted
on a complete plate enzyme immunoassay analyzer (SIRIO-S,
Seac, ltaly).

Biochemical methods. The level of NO metabolites (NOx) in
the blood was assessed using the Griess method. The superna-
tant obtained as above (1.0 mL)is deproteinized by adding 100 L
0f 0.092 M zinc sulfate and 100 uL of 1 M NaOH, stirred, and left
for 30—40 min. Then, itis centrifuged at 4000 g for 10 min (at 5 °C)
using an Eppendorf™ 5430 G centrifuge (Hamburg, Germany).
Subsequently, 100 L of the resulting supernatant is transferred
to a well in a microplate, and 0.5 mM of vanadium (1Il) chloride
is added to each well to reduce nitrate to nitrite. Following this,
50 pm of sulfonamide and 0.2 um of N-1-(naphthyl) ethylenedi-
amine are added. The total volume of the incubation mixture is
300 pL. The next step is to incubate the samples for 30 min at
37 °C, and the optical density was measured at a wavelength of

540 nm. The concentration of NOx was determined using a linear
standard curve within the range of 0-50 uumol/L sodium nitrate.
NOXx level in the blood was expressed in umol/L.

The level of reduced glutathione (GSH) and oxidized glu-
tathione (GSSG) was determined fluorometrically. The princi-
ple of the method is based on the interaction of orthophthalic
anhydride with reduced glutathione, resulting in the formation
of a fluorescent complex which is registered fluorometrically at
Ex/Em = 340/420 nm.

To a test tube containing 2.0 ml of 0.5 M phosphate buffer
pH 8.0, 0.1 ml of blood serum and 0.5 ml of 1 % orthophthalic
anhydride are added. The reaction mixture is stirred and in-
cubated for 5 min, after which fluorometry was performed at
Ex/Em = 340/420 nm.

To determine oxidized glutathione, 0.1 ml of blood serum is
added to a test tube containing 2.0 ml of 0.5 M phosphate buffer
pH 12.0. To mask the reduced glutathione, 0.04 ml of 0.5 mM
1-methyl-4-vinyl-pyridine is added. The reaction mixture is incu-
bated for 60 min at room temperature.

To reduce oxidized glutathione, 0.1 ml of a reducing mixture
(glutathione reductase 38 units, 7 mg NADPH dissolved in 20 ml
of 0.5 m phosphate buffer pH 7.4) is added to the sample. Reduc-
tion is carried out for 2 min at a temperature of 37 °C. After that,
0.5 ml of orthophthalic anhydride is added to the sample, and
fluorometry is performed at ExX/Em = 340/420 nm. Calculation of
glutathione is carried out using a calibration curve.

Experimental data were statistically analyzed using Statistica
for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J),
‘SPSS16.0", and “Microsoft Office Excel 2010” software. Prior
to statistical tests, we checked the results for normality (Sha-
piro-Wilk and Kolmogorov-Smirnov tests). In normal distribution,
intergroup differences were considered statistically significant
based on the parametric Student’s t-test. If the distribution was
non-normal, the comparative analysis was conducted using the
non-parametric Mann-Whitney U-test. To compare independent
variables in more than two selections, we applied ANOVA dis-
persion analysis for normal distribution, and the Kruskal-Wallis
test for non-normal distribution. To analyze correlations between
parameters, we used correlation analysis based on the Pearson
or Spearman correlation coefficient. For all types of analysis, the
differences were considered statistically significant at p < 0.05
(95 %).

Results

Our studies revealed that modeling of CGP resulted in typical
manifestations of the disease [21]: gingival bleeding, hyperemia,
swelling of the gums, and mobility of teeth. The depth of the
periodontal pocket was 8 mm.

In rats with experimental CGP treated with a course of dental
gel with IL-1B receptor antagonist in a daily dose of 1 mg/kg,
a pronounced therapeutic effect was observed: a significant
reduction in the size of the periodontal pocket to 2.5 mm, and
an almost complete absence of bleeding and swelling. Rats with
CGP receiving Mexidol 250 mg/kg intragastrically developed less
pronounced therapeutic effect compared to the group receiving
a gel with IL-1B receptor antagonist. In animals of this group,
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Table 1. Molecular indicators of nitrosative stress and antioxidant system in the blood of animals with experimental chronic generalized

periodontitis and after the treatment with pharmacological agents

Parameter, Intact group, CGP (control), CGP + gel with IL-18 CGP + Mexidol

units of measurement n=10 n=10 receptor antagonist (250 mg/kg), n=10
(1 mglkg),n=10

Nitrotyrosine, ng/ml 50.50+3.70 217.70 £ 15.20' 97.50 £ 5.77*% 167.50 £ 9.70*

iNOS, ng/ml 32.70 £ 2.55 76.40 £5.12 47.50 £ 4.16** 72.30 £ 5.45

GPX4, pg/ml 48.70 +2.33 17.70 £ 1.28' 28.40 £ 1.82% 21.80 £2.02'

Cu/ZnSOD, pg/ml 88.50 £ 7.44 55.40 £ 3.40" 72.70 £ 6.44* 62.80 £ 4.52"

*: compared to the control group (CGP) - p < 0.05; 1: compared to the intact group — p < 0.05); #: compared to the Mexidol group — p < 0.05.

Table 2. Biochemical indicators of nitrosative stress and antioxidant system in the blood of animals with experimental chronic generalized

periodontitis and after the treatment with pharmacological agents

Parameter, Intact group, CGP (control), CGP + gel with IL-18 CGP + Mexidol

units of measurement n=10 n=10 receptor antagonist (250 mg/kg), n=10
(1 mg/kg),n=10

NO metabolites (NOx), pmol/L 6.5+4.7 112+12 78+0.7% 104 £1.7

GSH, pmol/L 678.5+45.0 321.8+£21.2' 524.5 £ 32.5** 4194 +21.4*

GSSG, pmol/L 381+£28 88.516.28' 63.5 + 4.2+ 771152

*: compared to the control group (CGP) - p < 0.05; 1: compared to the intact group — p < 0.05); #: compared to the Mexidol group — p < 0.05.

gingival swelling remained, but it was less compared to the
control group; bleeding persisted when probing the periodontal
pocket; the depth of the periodontal pocket was 6 mm, and tooth
mobility persisted.

Molecular and biochemical studies of the peripheral blood
of rats in the control group (CGP without treatment) revealed
a significant decrease in the concentration of antioxidant en-
zymes, such as glutathione peroxidase-4 (GPX4) by 65.5 %, and
Cu/Zn-dependent superoxide dismutase (Cu/ZnSOD) by 37.4 %,
adecrease in the concentration of reduced glutathione by 52.5 %,
and an increase in its oxidized form by 132 % (p < 0.05). Similar
disturbances in the antioxidant system of the blood of animals with
CGP occurred against the background of activation of nitrosative
stress: the level of nitrotyrosine increased by 4.3 times, INOS - by
2.3 times and NO metabolites — by 78.4 % (p < 0.05).

Acourse of treatment with dental gel containing IL-1B receptor
antagonist in a dose of 1 mg/kg produced a significant effect on
the molecular and biochemical parameters of antioxidant system
and nitrosative stress (Tables 1, 2). Thus, the concentration of
nitrotyrosine was 55.2 % lower in the blood of animals of this group
compared to the control group (p < 0.05). The concentration of
iNOS and NOx decreased by 37.8 % and 30.5 %, respectively
(p <0.05).

Administration of dental gel with IL-13 receptor antagonist
to rats with CGP produced a positive effect on the expression of
antioxidant enzymes and the glutathione link of the thiol-disulfide
system state in rats with CGP. Thus, the value of GPX4 and
Cu/ZnSOD increased compared to the control by 60.4 % and
31.2 % (p < 0.05), respectively.

The more pronounced effect of dental gel on the expression
of the GSH-dependent enzyme GPX4 corresponded to a 63 %
increase in the level of reduced glutathione and a 28.2 % decrease

in its oxidized form, respectively, in the blood of rats with CGP
(p < 0.05). Administration of Mexidol to rats with CGP produced
a significant effect only on the nitrotyrosine index, which is con-
sistent with the results of previous studies [17].

The concentration of reduced glutathione in the blood of
rats with CGP treated with Mexidol also increased (p < 0.05).
However, in terms of the degree of influence on nitrosative stress
and antioxidant system on these indicators, it was inferior to the
gel with the IL-1B receptor antagonist (p < 0.05) (Tables 1, 2).

Discussion

The experimental data obtained are consistent with the mod-
ern view of molecular-biochemical changes in the periodontium
during inflammation. Thus, the interleukin (IL)-1 family plays a
special role in the initiation and maintenance of periodontal inflam-
mation. IL-1P at the site of inflammation is involved in enhancing
local blood flow, leukocyte recruitment and neutrophil infiltration.
IL-1B activates matrix metalloproteinase (MMP-9) expression in
various cell types involved in periodontal inflammation, including
osteoblasts, osteoclasts, neutrophils, and cementoblasts [22,23].

IL-1B stimulates the production of MMP-1 and/or MMP-3 in
human periodontal ligament cells and gingival fibroblast cells,
which promote extracellular matrix degradation and, in turn, lead
to bone resorption and tissue destruction [24]. IL-1p also initiates
the expression of INOS mRNA, iNOS, and an increase in the
production of reactive oxygen species (ROS), such as superoxide
anion, hydroxyl anion, hypochloride anion, especially against the
background of L-arginine deficiency and Cu/ZnSOD deprivation
[25,26]. Many authors consider Cu/ZnSOD deficiency as the main
reason for the increased production of superoxide anion in the
periodontium during inflammation, which is involved in alveolar
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bone resorption [27,28]. The increased expression of INOS that
we detected against the background of increased concentrations
of NOx and nitrotyrosine demonstrates the enhanced production
of cytotoxic forms of NO, which are active participants in nitro-
sative stress, initiate apoptosis of periodontal ligament cells, the
formation of localized microvasculopathy, periodontal ischemia,
and endothelial dysfunction of periodontal microvessels [29].

An excess of cytotoxic forms of NO with insufficient activity of
antioxidant system, especially thiol-disulfide system, plays a role
in the occurrence and development of periodontal diseases due
to the re-increased activity of pro-inflammatory cytokines [30].

The revealed decrease in GSH and GPX4 expression, and
an increase in GSSG level in the blood of rats with CGP may
also be associated with nitrosative stress leading to S-nitrosation
of the y-glutamylcysteine synthetase (GCS) protein, and a de-
crease in GSH synthesis. GSH is quickly consumed in reactions
with ROS [31]. A decrease in the specific isoform of glutathione
peroxidase-4 (GPX4), which is of great importance in the metab-
olism of lipid peroxides in the blood of rats with CGP, indicates
activation of lipid peroxidation reactions, uncontrolled formation
of pro-inflammatory prostaglandins, 4-hydroxy-2-trans-nonenal,
aldehydes, and ketones resulting to increased local ischemia,
apoptosis and tissue destruction [32].

Itis known that increased production of TNF-q, IL-18, IL-6 and
IL-8 occurs against the background of GSH deficiency. Currently,
members of the IL-1 family are considered as new promising
therapeutic medications in the treatment of inflammatory diseases
of the oral cavity. The observed effect of dental gel with an IL-1$3
receptor antagonist on nitrosative stress parameters in modeling
CGP can be explained by the interruption of IL-13-dependent
mechanisms of INOS expression, which produces a high amount
of ROS and NO in periodontal diseases. Perhaps the IL-13 recep-
tor antagonist prevents the interaction of IL-1(3 with its receptors
that triggers the expression of the nuclear transcription factors
AP-1 and NF-B. These factors change the function of target
cells and result in the development of an acute-phase cellular
response, the expression of other pro-inflammatory factors,
stimulation of the expression of INOS, NO cytotoxic metabolites,
as well as an increase in the permeability of the mitochondrial
pore and initiation of apoptosis [33].

The IL-18 receptor antagonist can prevent the nitrosylation of
enzymes that ensure the stability of the intracellular concentration
of GSH (y-glutamyltransferase, y-glutamylcysteine synthetase)
by reducing the expression of INOS. In addition, based on the
studies of other authors and our own, we can assume that dental
gel with IL-1[3 receptor antagonist can influence GSH transport
through modulation of IL-1(3 level. We also assume that the IL-1(3
antagonist may exert antioxidant effect by stimulating the expres-
sion of 70 kDa heat shock proteins and affecting the structural
integrity of antioxidant enzymes [34,35].

Mexidol is able to reduce the biosynthesis of pro-inflam-
matory mediators, such as metabolites of arachidonic acid,
aldehydes, 4-hydroxy-2-trans-nonenal, and lipid peroxides due
to its properties of direct antioxidant and inhibitor of lipid peroxi-
dation processes. These properties may provide it with certain
therapeutic effects in CGP. It is also possible that Mexidol can
interrupt ROS-dependent mechanisms of IL-13 expression [9,17].

Conclusions

1. Experimental modelling of CGP using a calcium-deficient
prooxidant model of CGP resulted in a typical clinical picture
of periodontitis with symptoms of severe gingival inflamma-
tion, including hyperemia, bleeding and swelling of the gums,
formation of periodontal pockets, tooth mobility, as well as an
increase in molecular biochemical markers of nitrosative stress,
such as iINOS, NOx and nitrotyrosine, which developed against
the background of reduced glutathione deficiency, decrease
of glutathione peroxidase-4 and Zn-Cu-dependent superoxide
dismutase expression in the blood of animals.

2. The course of animals with CGP treatment with 1 % dental
gel containing interleukin-1 receptor antagonist (1 mg/kg) in the
therapeutic regimen resulted in reduction of gingival pockets to
2.5 mm, almost complete cessation of bleeding, and disappear-
ance of swelling.

3. The course of animals with CGP treatment with 1 % den-
tal gel containing interleukin-1B receptor antagonist (1 mg/kg)
resulted in decrease in INOS expression by 37.8 % (p < 0.05),
nitrotyrosine concentration — by 55.2 %, and NOx - by 30.0 %
(p < 0.05) in the blood of animals.

4. The course of animals with CGP treatment with 1 % den-
tal gel containing interleukin-1B receptor antagonist (1 mg/kg)
resulted in increase in the concentration of reduced glutathione
by 63.0 % (p < 0.05), expression of glutathione peroxidase-4 — by
60.4 % (p < 0.05), and Cu/ZnSOD level - by 31.2 % (p < 0.05)
in the blood of animals.

5. Treatment with Mexidol (250 mg/kg, intragastrically)
produced an effect on only two studied parameters; decrease in
nitrotyrosine level by 23 %, and an increase in the concentration
of reduced glutathione by 30 % in the blood of rats with CGP
(p < 0.05). However, it was inferior to 1 % dental gel with IL-1B
receptor antagonist in terms of its effect on these indices (p < 0.05).

Prospects for further research. The results obtained provide
an experimental basis for further research of the dental gel with
IL-1 B receptor antagonist.
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AptepianbHa rineptensis (Al) — ogHe 3 HaNMOLLMPEHILLKMX 3aXBOPHOBaHb Y CBITi. TpuBane MiABULLEHHS TUCKY
NPM3BOAMTL A0 3MiH B OpraHax-MilLeHsiX, 300poBe (PYHKLIOHYBaHHS SKWUX 3anexuTb Bif cTabinbHOro KpoBomno-
CTayaHHs! (SK-0T HUPKW, Oui, FTONIOBHUIA MO30K). Hacamnepes Lie 3yMOBReHO ypaxeHHsM AapioHux cyanH. Cepen
npenaparis i3 AoBefeHO edheKTUBHICTIO Mif Yac NikyBaHHs navieHTis 3 Al — B-6nokatopu. Btim, Tpusane ix
3aCTOCYBaHHS YMHUTb PiHi ePeKTI Ha KOTHITUBHY Chepy, LU0 BU3HAYAETHCS Y3rOMKEHHAM HEMPOTPOGIUHMX i
He/ipoMeniaTOpHUX NPOLIECIB Y BiANOBIAHUX CTPYKTYpaXx MO3KY.

Merta poboTu — NOPIBHAMBHWA aHani3 BNnvBY [-afpeHoBnokaTopiB PisHUX MOKOMiHb Ha NOKa3HWUKW KOrHITUB-
HO-MHECTUYHMX (DYHKLi LeHTPanbHOI HEPBOBOI CUCTEMM Y LLYPIB i3 FEHETUYHO 3yMOBNEHOI0 Al

Marepianu i metoam. Y focnimxeHHi Bukopuctano 40 Lwypis-camuis Macoto Tina 280-300 r 3i cnioHTaHHOO ap-
TepianbHoto rineptensieto (SHR) Bikom 8 micauis, a Takox 10 HOPMOTEH3MBHIX KOHTPOMNbHMX TBApKH NiHii WKR
(normotensive Wistar—Kyoto rats) macoto tina 200220 r. TBapuH noainunu Ha 5 ekcnepuMeHTanbHNX rpyn no
10 wypis y KoXHiN. g Yac ekcnepumeHTanbHoro AOCHIMKEHHS BUKOPUCTANN MACOMETPUYHI, IHCTPYMEHTarb-
Hi, PYHKLiOHaNbHI Ta CTAaTUCTUYHI METOAM 3 TPUPA3OBUM BUMIPIOBAHHAM apTepianbHOro TUCKY HEIHBA3UBHO
cuctemoto Blood Pressure Analysis Systems TM BP-2000 Series |l (Visitech Systems, USA). Mpotsrom 30 ai6
wypam niHii SHR 3, 4 i 5 rpyn nepopanbHo WoAeHHO BBOAWIM NpenapaTy: nponpaHonosn — 50 Mr/kr, kKapeeanson
— 50 wmr/kr, rineptpun — 20 mr/kr. 3aaTHICTb TBAPUH [0 HABYaHHS Ta 3anam’ ATOBYBaHHS aBEPCUBHOTO CTUMYITY
OLiHtOBaN¥ 3a pe3ynbTatamu TeCTY YMOBHOI peakLii NaCMBHOIO YHUKaHHS. CTaTUCTNYHO pesynbTaTyi onpaLtoBasi
3a 0NOMOTrol0 NakeTa npuknagHux i ctatucTuaHux nporpam Excel 7.0 (Microsoft Corp., CLUA) Ta Statistica 13.0
(niuensis Ne JPZ8041382130ARCN10-J). [locTOBIpHICTb BigMIHHOCTEN pe3ynbTaTiB BU3Havanm, akwo pSt < 0,05.

Pesyabtatu. Y rpynax LLypiB, siki OTpuMyBanu pisHi 3a Bnactueoctamm 6eta-6nokatopu (rpynm 3, 4 i 5), apte-
pianbHWiA TUCK WBMAKO cTabiniayBaBcs A0 LiNboBUX 3HAYeHb. [OPIBHSANBHMIA aHania NoKa3HWKIB CTaHy KOrHi-
TUBHOI cchepu nicns Kopekuii R-Briokatopamm pi3HUX MOKoMiHb NOKa3aB 3HaYyLLYy BiAMIHHICTb iXHBOrO BMAMBY
3 J0BEJEHOI0 BUCOKOK epeKTUBHICTb rinepTpuny. Mpenapar cnpuss 30inbLUEHHIO (Maixe BTPUi) NaTeHTHOro
nepiogy 3axofy B TEMHy Kamepy Yepes 24 roguHu micns HaB4aHHSA MOPIBHAHO 3 TBapUHaMK, SKi OfepKyBamm
nponpaxornon (3 rpyna), a BiACOTOK HaB4YeHWX LLypiB 36inbLLMBCS B4eTBEPO. [epeBar kapseamnony — TpUBaniLUuii
(Ha 54 %) naTeHTHMI Nepiog | BABIYI BinbLua KiNbKICTb LLYPIB, L0 YCNilWHO peani3oByBanu pedinekc. Kopekuis
MPONpPaHosIoNoOM i KapBeaMIoNoM BusiBunacs ManoeekTUBHOK LOAO 3AATHOCTI 40 HaBYaHHS Ta peanisauii
YMOBHO-PeeKTOPHOI HAaBUYKK, | HAWTIPLLKIA eCHEKT — y MponpaHonony.

BucHoBKH. Y LLYpIB 3i CMOHTAHHOK apTepianbHoo rinepTeHsicto (SHR) 3adikcoBaHO AOCTOBIPHE 3HIMKEHHS
MOKa3HWKIB CTaHy KOTHITUBHOI Ccpepy NOPIBHSHO 3 HOPMOTEH3UBHUMM TBapuHaMuU. MeaykameHTo3Ha KopeKLis
apTepianbHoi rinepTeHsii rineptpunom (B-6rokatop ocTaHHbLOro NokKoniHHA 3 NO-MIMETUYHOIO [i€t0) 3 BUCOKOH
€(EKTUBHICTIO CNpUSiE peaniaaLlii yMOBHO-pedneKkTOpHOI HaBWUYKM Ta 34aTHOCTI A0 HaBYaHHs. Lie caiguuTb npo
3MEHLLEHHS KOTHITMBHOrO AediumTy B LUypiB NiHii SHR 3 eceHuianbHo0 apTepianbHo rinepTeHsieto.

CyuacHi MeanuHi TexHonorii. 2024. T. 16, Ne 3(62). C. 220-227

Disorders of the central nervous system cognitive and mnestic functions in genetic
arterial hypertension and with the use of beta-blockers of different generations

A. 0. Svitlytskyi, A. A. Yehorov, 0. V. Melnikova, T. A. Hrekova

Arterial hypertension is currently one of the most common diseases in the world. A long-term increase in pres-
sure results in changes in the target organs, the healthy functioning of which depends on a stable blood supply
(kidneys, eyes, brain), which is primarily caused by damage to small vessels. B-blockers are among the drugs
with proven effectiveness in the treatment of hypertension, but their long-term use has different effects on the
cognitive sphere, which is determined by the coordination of neurotrophic and neurotransmitter processes in
the corresponding brain structures.
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Aim. To comparatively analyze the effect of B-blockers from different generations on cognitive and memory
functional parameters of the central nervous system in rats with genetically determined hypertension.

Materials and methods. The study used 40 male rats weighing 280-300 g with spontaneous arterial hypertension
(SHR) aged 8 months and 10 normotensive control normotensive Wistar-Kyoto rats (WKR) weighing 200-220 g.
The animals were divided into 5 experimental groups of 10 rats each. In the experimental study, massometric,
instrumental, functional and statistical methods were used with triple measurement of blood pressure by non-in-
vasive Blood Pressure Analysis Systems TM BP-2000 Series Il (Visitech Systems, USA). SHR of the 3, 4%,
and 5™ groups were orally administered drugs daily for 30 days, propranolol — 50 mg/kg, carvedilol — 50 mg/kg,
and hypertril — 20 mg/kg, respectively. The ability of animals to learn and remember an aversive stimulus was
assessed through the conditioned passive avoidance reaction. test Statistical data processing was performed
by the package of applied and statistical programs Excel 7.0 (Microsoft Corp., USA) and Statistica (license
No. JPZ8041382130ARCN10-J). The significance of differences in study results was determined by pSt < 0.05.

Results. In groups of rats that received B-blockers with different properties (groups 3, 4 and 5), blood pressure
was quickly stabilized to target values. A comparative analysis of the cognitive parameters after correction by
B-blockers of different generations has shown a significant difference in their effects with proven high effective-
ness of hypertril. The drug increased the latency to enter the dark chamber 24 hours after training compared to
animals treated with propranolol (group 3) by almost 3-fold, with a 4-fold increase in the percentage of trained
animals. The advantages of carvedilol were a 54 % longer latent period and a 2-fold greater number of rats that
successfully developed the reflex. Correction with propranolol and carvedilol has proven to be poorly effective
in terms of the ability to learn and develop the conditioned-reflex skill with the worst effect of propranolol.

Conclusions. Rats with spontaneous arterial hypertension (SHR) demonstrate a significant decrease in cog-
nitive performance compared to normotensive rats. Drug correction of arterial hypertension with hypertril (a
B-blocker of the latest generation with NO-mimetic action) has a highly effective effect on the development
of conditioned-reflex skills and the ability to learn that indicates a reduction in cognitive deficits in SHR with

essential arterial hypertension.

Modern medical technology. 2024;16(3):220-227

ApTepianbHa rinepten3is (Al) € 04HUM i3 HANNOLUMPEHILLINX
3aXBOPIOBaHb Y CBITi: Yy KOXKHOMO YETBEPTOrO YOMOBIKa Ta KOX-
HOI M'AITOI XXiHKM BU3HAYAKOTb MNEPTOHIto, abo, K yCi 3BUKIM
FOBOPUTM, BOHW MaloTb NiABULLEHMA apTepianbHui Tuck [1].
[MoLumMpeHiCTb rinepToHii 3pocTae, OckinbKK, 3a ouiHkamm BOO3,
BOHa po3smBaeTbCsy 31,1 % (1,39 Mnpa) BOPOCHOro HaceNeHHs!
cBiTy. A" GinbLU NOLUMPEHa B OPOCIUX Y KpaiHaX i3 HU3bKUM i
cepepHim piBHem goxogy (31,5 %, 1,04 mnpga ocib), Hix y kpa-
iHax i3 BUCOKMM piBHEM goxody (28,5 %, 349 mnpg ocib) [2].
3aranom Takui CTaH BiU3HaYatoTb y Maibke 1 Mnpa nogen. B
YkpaiHi, 3a faHumMu gocnimkeHHs STEPS, y TpeTuHM HaceneHHs
(34,8 %) 3adhikcoBaHO nigBuLLEHHS apTepianbHoro Tucky (AT)
abo rinepTeHsito [3,4].

OcobnwsicTio possutky Al € Te, LIO TpMBane MigBULLEHHS
TUCKY NPU3BOAUTL 40 3MiH B OpraHax-MilLeHsx, 300poBe (yHK-
LIIOHYBaHHS AKUX 3anexuTb Bif CTabinbHOrO KPOBOMOCTaYaHHs!
(SIK-OT HMPKW, OYi, TONOBHMIA MO30K). Hacamnepes Lie 3yMOBMEHO
YpaxeHHsIM JpIOHWX CYAVH i3 pO3BUTKOM Haani XBopobi ApiGHMX
cyavH. Binomoto € ponb Al y hopMyBaHHi KOTHITUBHIX MOPYLUEHb:
MpVKIaZoM rinepToHIYHOI AeMeHLii € xBopoba biHceaHrepa [5].
[MaToreHeTMYHUMM PaKTOPaMM YPaXKEHHS FONOBHOIO MO3KY NPy
AT € BCOKMIA, HeCTabiNbHWIA AT, a Takox rinonepdysist ForIoBHOMO
MO3KY Ha TIli HeaZlekBaTHOI rinoTeH3unBHoi Tepanii. Lli daktopu
npu3BOAATb A0 3pWBY aBTOPErynsLii MO3KOBOrO KpoBoObiry,
PO3BUTKY eHAoTenianbHOI Ta MITOXOHAPIanbHOT ANCYHKLIN,
iHiLjaLil HepoanonTo3y, LLO CIPUYUHSAE BUHUKHEHHS MHOXUHHIX
NaKyHapHWX IHCYNbTIB Y NEPUBEHTPUKYNAPHIN AiNSHLI rONOBHOTO
MO3KY. Pi3ki 3MiH1 AT BU3Ha4atoTb SK OCHOBHY MPUYMHY PO3BUTKY
neinkoapeo3y ronoBHOrO MO3ky Ta XxBopobu biHcBaHrepa. 3Ha-
JyLLicTb HasBaHUX hakTopiB 36iMbLIYETLCS, KOMW B NaLieHTa

€ LepebparnbHa rinepToHiyHa MikpoaHrionaris. Yci Ui npouecu
— OCHOBa (POPMYBaHHS KOTHITWBHWX po3nafiB, OCKiNbKW ypa-
XaEeTbCA nepenycim Oina pevoBrMHa MO3KY, TOBTO acoLiaTuBHi
BHYTPILLHBO-, MiXKYACTKOBI 3B'513KM 1 KipKOBO-MiAKIPKOBI LLMSXM.

Y YMCMIEHHUX KMiHIYHMX CMIOCTEPEXEHHSX AOBEAEHO, LLO MPO-
SIBOM Lii€i XBOPOOW MOXYTb BYTI NOPYLLEHHS CTaHy KOrHITUBHOI
cchepy, a TakoX BOHA MOXE CTIPUMMHSTU TSDKKI YCKITagHEHHS,
SK-0T XxBopoba ArnbLireiiMepa abo iHCYnbT, 3aNeHO Bif THKKOCTI
nepebiry [6]. BctaHOBNEHO, L0 NOPYLLEHHS B KOTHITUBHI CAEPi
BUSBMNSIOTb NEPEBAKHO 3@ KOTHITVBHUM LEILMTOM: 3HIKEHHAM
yBaru, noripLUEHHAM CIPUAHATTS, Nam’sTi, CoLlianbHWX ikocTer. Y
(PYHKLiOHaNbHOMY acnekTi KOrHITUBHI PYHKLT: CNPUAHATTS (THO-
31C), Nam’ATb, NPaKCHC, CoLlianbHWIA IHTENEKT, MOBIEHHS, yBara,
KepiBHi (OyHKL|ii — peaniaytoTbCs CKOOPAMHOBAHOO AiEt0 KOMMIeK-
CY MO3KOBUX CTPYKTYP, KIOYOBOK CKMNaA0BOI0 SIKUX € rinokamn
[7]. NMoriyHo NpMnyCcTUTK, L0 CaMe NOPYLUEHHS KPOBONOCTaYaHHS
yepes cTilke nigBuLLeHHS AT cTae BaxMBKUM NaToreHeTUYHUM
YMHHWKOM MiJ Yac (hOPMYBaHHS KOrHITUBHOTO AedilnTy.

CraH navjeHTie i nporHo3 nepebiry xsopoby 3anexars Big
niKyBanbHOTO KOMMIEKCY Ta 1oro TpusanocTi. Y GinblwocTi na-
LliEHTIB NiKyBaHHS CKnaaHe Ta 6araToKOMMOHeHTHe. Baxnmeumu
dhakTopamm oro epeKTUBHOCTI € CBOEYACHICTb NPU3HAYEHHS 1
iHAMBIZYani30BaHWIA Niaxif 40 KOKHOMO XBOPOro. HWHI BUKOpUCTO-
BYHOTb LUMPOKMIA CMEKTP NiKyBanbHUX 3acobiB, AKWiA, 3anexHo
Bi CTaHy MaLlieHTa, KOMMNEHCOBAHOCTI XBOPObK Ta HasBHOCTI
yCKMagHeHb, MOXe BKIKOYaTu Taki npenapatu, siK iHribitopu
aHrOTEH3MHNEPETBOPIOBANBHOTO (PEPMEHTY, BriokaTopu peHiH-
aHrioTeH3uHy, B-6riokatopu, giypeTuky ToLwo. [pr3HavatoTb fiky-
BaHHS1, KEPYIOYMCb YMHHIM YHi(hIKOBaHWUM KRiHIYHUM NPOTOKOSIOM
MepBUHHOI, EKCTPEHOT Ta BTOPUHHOI (CreLiani3oBaHoi) MeaUYHOI
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Puc. 1. Cxema po3noAiAy LLYPIiB B eKCNEPUMEHTAABHOMY AOCAIAKEHHI.

ponomoru «ApTtepianbHa rinepTeHsisy Big 24.05.2012 poky
Ne 384 ta HacrtaHosoto 00069 «[inepteHsis: o6CTexeHHs Ta
cTapToBe nikyBaHHs» Big 07.03.2017 poky. 3-nomix npenaparis,
A5 IKMX [0BEAEHO eheKTUBHICTb Nig Yac nikyBaHHs Al akTUBHO
Mp13HaYaloTb 3-6rokaTopy Pi3HNX NOKOMiHb.

[Joci Hemae eguHoT Lymku Loz BBy 6eTa-brnokatopis Ha
KOTHITUBHO-MHECTUYHI (hyHKLIT, SIKLLO iX NpM3HaYatoTb Ans Niky-
BaHHs Al'. € gaHi Npo HeraTMBHWIA BB Ha LIEHTParbHy HEPBOBY
cuctemy (LUIHC) Tpapuuintnx B-agpeHobnokatopie (BAB) — i
CENEKTUBHWX, | HECENMEKTUBHUX (Benpecisi, MOPYLIEHHS CHY,
MOTIpLUEHHs NAaM’sAT), — SKWA MOB’'A3Y0Tb i3 MOTPLIEHHAM Lie-
pebpanbHoi remoanHamiki Ta gediunTom TpaHcMmiTepis [8].
Lle obrpyHTOBYE OOUINBHICTL HACTYMHUX OETanbHILMX fOcHi-
[xeHb BBy BAB pisHix nokoniHb Ha Buwi dyHkuii LIHC, a
TaKOX BNPOBaPKEHHS B KMiHiYHY npakTuky BAB i3 joaatkoBumm
BMaCTUBOCTAMY (Ba30AMNaTaTOPHUMI, aHTUOKCUAATHUMN, MPO-
THiwemiyHMu, NO-MIMETUYHUMK). Y LIbOMY acnekTi HayKoBWIA
iHTepec BuknukatoTe BAB i3 gogaTkoBMMU BNACTMBOCTSMM
OCTaHHLOr0 NOKOMiHHA — rinepTpun. Y HBO «®apmatpoH»
(m. 3anopixoks) nig kepisHuuTBOM Npodecopa |. A. Masypa
po3pobneHo HoBuii GeTa-6nokatop 3 NO-MiMeTUYHIM echekToM
rineptpun (1-(B-cbeHinetun)-4-amiHo-1,2,4-Tpiasonito 6pomin) 3
BUP@XEHUMWN aHTUOKCUZAHTHUMM, MPOTUILLEMIYHUMM, EHEPrO-
TponHumu BnactueocTamu. [ineptpun 3 fossony [depxaBHoro
eKkcnepTHoro LieHTpy MiHicTepcTBa OXOPOHM 340pOB’S YkpaiHu
YCNiLLHO NPOWLLIOB NepLuy ¢hasy KniHiYHMX BUnpobyBaHb, 3apas
NPOXoauUTb ApYry ¢hasy SK aHTUMNEPTEH3UBHUI Ta aHTUaHriHamb-
HWIA NiKyBanbHWUiA 3acid.

OpHak, He3Baxatoun Ha edheKTUBHICTb CTabinisauiiiHoro
BnnuBey BAB Ha AT, MexaHi3mu Aiii Ha iHLLi NpoLecy B opraHiami, ki
peryrnoe cuMnaTo-aapeHanoBa CUCTEMA, PIHATLCS Ta 3anexaTb
Bif, IXHBOI CENEKTMBHOCTI, NINOINbHOCTI, BHYTPILUHBOI CMMNa-
TOMIMETUYHOI aKTVUBHOCTI. BignosigHo, TpuBane BUKOPUCTaHHS
npenapariB i€l rpynu CIpUYUHATAME PisHi BMIIMBY Ha KOTHITUBHY
cdepy. Lie onocepenKkoBaHO Y3romeHiCTo HeMpOTPOdIYHMX i
HelipoMeziaTOpHUX NPOLIECIB Y BIAMOBIAHUX CTPYKTYpaX MO3KY.

Merta poboTu

[NopiBHANBHWIA aHani3 BBy [3-agpeHobnokaTopis pisHMX
MOKOMiHb Ha MOKA3HWKN KOTrHITUBHO-MHECTUYHNX (pyHKUiA LIHC
Y LLYpIB i3 FEHETUYHO 3yMOBMEHOI0 ATl

Martepianu i MeToAM AOCAIAKEHHA

Mig vac gocnimkeHHs BukopucTani 40 Lwypis-camuis i3 no-
yaTtkoBor Macoto Tina 280-300 r 3i CNOHTaHHOK apTepianbHOH
rinepreHsieto (SHR) apyroro nokoniHHs Bikom 8 micauis i 10
HOPMOTEH3UBHMX KOHTPONMBHUX TBApYWH NiHii WKR (normotensive
Wistar—Kyoto rats) i3 nouyatkosoto macoto Tina 200-220 . TeapuH
noAinunu Ha 5 ekcnepumeHTanbHUX rpyn no 10 LypiB Y KOXHIl
(puc. 1).

EkcnepumeHTanbHy YacTHy AOCTImKEHHS BUKOHANM Ha Gasi
HaeuarnbHo-HayKoBOro Meauko-nabopaTopHOro LIEHTPY 3 BiBapiem
3anopisbkoro AepaBHOTO MeanKo-(hapMaLeBTUYHOMO YHiBEpCH-
TETY, YiTKO JOTPVMYIOYMCh BYMON, 3afeKNapoBaHUX HaLlioHarb-
HAM cTaHOapToM «ChinbHi €TUYHI NPUHLMNK EKCNIEPUMEHTIB Ha
TBapuHax» (Ykpaina, 2001), L0 noromxeHnin 3 nonoxeHHsm Paam
2010/63EU E€sponeiicskoro napnameHTy | Paau i3 3axucTy TBapuH,
SKVX BUKOPVCTOBYHOTb Y HAyKOBUX LLifsiX, Bif 22 BepecHs 2010 poky
(Council Directive 2010 / 63EU of the European Parliament and of
the Councilof 22 September 2010 on the protection of animais used
for scientific purposes). Kowmicieto 3 nutaHb 6ioeTvkn 3anopisbkoro
[epKaBHOMO MeamKko-thapmaLleBTyHoro yHisepentety MO3 Ykpa-
HW MOpYLLIEHb MOParTbHO-ETUYHUX HOPM Mif Yac 3AINCHEHHS Hay-
KOBO-ZOCTiAHOI poBOTY He BUSIBMEHO.

MnaH ekcnepuMeHTanbHOro AOCRILKEeHHs CknagaBscs 3
KOMMMEKCy napanenbHUX MacOMETPUYHUX, IHCTPYMEHTANbHUX,
(DYHKLIOHAMBHKX | CTAaTUCTUYHUX METOAIB, Nepenbayas 3Baxky-
BaHHS LLYpIB | BUMIPIOBAHHS Y HUX AT 3a JOMOMOrOK0 CUcTEMM
HeiHBa3nBHOI peecTpauii AT Blood Pressure Analysis Systems
TM BP-2000 Series Il (Visitech Systems, USA) Ha nouaTtky dop-
MyBaHHs rpyn, Ha 7 0By Ta nepez BUBEAEHHSIM 3 EKCTIEPUMEHTY
(31 poba) (puc. 2).
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BP-2000 51515 17
iy A

Puc 2. A: cuctema HeiHBa3MBHOI peecTpalii aprepianbHOro Tucky BP-2000 3 0AHOMOMEHTHUM BUMIptOBaHHAM AT y ABOX LLLYPIB, PO3MILLEHMX
B i30AALLIMIHUX TYHEASIX HA TepmonAatdopmax; b: rpadiuHe 306paxeHHst BUMIpOBAHHS apTepiaAbHOMO TUCKY.

3

Puc. 3. Cxema 6yp0BM «40BHWUKOBOI KaMepw» Ta PO3MiLLLEHHS Lypa. 1: ocBiTA€Ha KaMepa, 2: 3aTeMHeHa kaMepa, 3: eneKTPoNpoBiAHa

nipnora 3aTeMHeHOI kamepu.

Wypam ninii SHR 3, 4 i 5 rpyn nepopanbHO BBOAMMU
npenapatu, Lo Jocnigxysanu, Ha 1 % KpoxmanbHoMy crinay
wogenHo npotarom 30 gib. TeapuHu 3 rpynu OTprUMyBanu npo-
npaHonon («AHanpuniH-3aopoB’s», «3aopo’'st Ky, Ykpaina;
HecenekTuBHWiA B1, R2-6rnokaTtop, NinodinbHWA, 3 BUCOKOK
HenpodocTynHicTio) y fosi 50 Mmr/kr macu TBapuHu. Lypam 4
rpynv BBogunu kapseaunon («Kapseaunon-KBy, AT «Kuicbkuii
BiTaMiHHMI 3aBOaY, YkpaiHa; amiwanui al, R1, B2, ribpuaHui
a-, R-apgpeHobnokaTop 3 aHTUOKCWAATHOK aKTUBHICTIO) y 403
50 mr/kr. TBapuHam 5 rpynu Beoaunu npenapar «[ineptpun»
(noxigHa 4-amiHo-1,2,4-tpiasony) (HBO «®apmatpoHy, YkpaiHa;
cynepcenekTuBHU 3-agpeHobnokatop 3 NO-moaentoBanbHum
ecekTom) y fosi 20 Mr/kr.

Ha 29-30 noby ekcnepumeHTY LLypiB MOBTOPHO 3BaXyBar,
BUMIPIOBANM NOKa3HWKM CUCTONIYHOrO Ta aiacTonivyHoro AT, oui-
HIOBanM 3AaTHICTb TBAPWH 0 HABYAHHS Ta 3anam’siTOByBaHHS
ABEPCVBHOMO CTUMYITY B TECTi YMOBHOI peakLii macuBHOIO YHU-
kaHHsa (YPITY). Liein MeToq Aae 3mMory OUiHUTK Taki eneMeHTU
BYLLIOT HEPBOBOI iSNBHOCTI, SIK acOLiaTUBHE MUCTIEHHS, NaM’aTb,
3aKpinneHHst YMOBHUX 3B’A3KIB i BiATBOPEHHS CHOPMOBAHOI
HaBuukw. Mig vac aHanisy hopMyBaHHS Ta BiaTBOpeHHs YPITY
BMKOPVCTOBYBAIM MOKA3HWKM, LLO XapaKTepn3ytoTh KiHLEBY pe-
3ynbTaTUBHICTb (IHTErpaTuUBHI KpUTEPIi) HaBYaHHS.

Tect YPITY npoBoaunu 3a LONOMOrOK eKCrepUMEHTamNbHOT
YCTaHOBKM «HOBHKOBa Kamepa, LU0 cknaaanacs 3 ABOX BiACIKiB:
OCBIT/IEHOI Kamepy NAoLLeto 25 x 25 CM Ta 3aTEMHEHOT MITOLLEHo
25 x 25 cM 3 enekTponpoBiaHO mignoroto (puc. 3).

LLlypa po3millyBanu B LEHTP CBITNOI KaMepu XBOCTOM [0
OTBOpY Neperopoaku. TeapuHa, 3HaLLOBLLK OTBIP Y Neperopos-
Li, nepexoamna 3 0CBITNIEHO KaMepy B 3aTEMHEHY. YNPOA0BX 3
XBUIKH pPeeCTpyBanm Yac nepebyBaHHs LLypa B TEMHiii kamepi,
a TakoX (pikCyBanu naTeHTHUN Yac 3axody B TEMHWA BiACIK.
Micnsa 3akiHYeHHs Yacy, konu TBapuHa nepebyBana B TEMHIl
Kamepi, i1 Yepes Mignory HaHoCUnM enekTpobonLoBy CTUMY-
nauito (50 Ty, 1,5MA) [OTW, NOKW LLYpP HE BUXOAMB Y CBITIY
kamepy. AkLo TBapuHa npotsarom 10 cekyHa He noBepTanacs B
TEMHyY Kamepy, ii noBepTanu B KNiTKy, a SKLLO BOHa 3axo4una B
TEMHY Kamepy, NOBTOPHO HAHOCWNW noapasHeHHs. Tect YPIY
nepesipsinu Yepes 24 roguHu. BucHoBok nNpo 36epexeHHs
HaBWYKY pOBMIM 3@ 3MIHOK MATEHTHOTO Yacy 3axogdy Liypa B
TEMHUI BifCIK.

Yci pesynbsraTi, OTpUMaHi NPOTArOM EKCEPUMEHTY, onpa-
LIt0BanM 3 BUKOPUCTAHHAM NakeTa NpUKNagHUX i CTaTUCTUYHUX
nporpam Excel 7.0 (Microsoft Corp., CLLA) Ta nporpamu Statistica
13.0 (niueHais Ne JPZ8041382130ARCN10-J). [ns BCix no-
Ka3HWKiB pO3paxoByBanu cepenHe apupMETUYHE 3HAYEHHS Y
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Tabauus 1. NMokasHukK Macu Tina W apTepiaAbHOTO TUCKY B LLYPIB eKCnepuMeHTaAbHKX rpym, M + m

EkcnepumeHTansHi rpynu Maca Tina TBapuH, r AprtepianbHui Tuck (Pc / Pa),
MM pT. CT.

1 rpyna HopmoTeHamBHi wypn WKR, n =10 209,5+4,1 118,1+£10,9/66,9 + 2,1

2 rpyna, SHR,n=10 312,5+£10,1 178,14£2,6'/96,5+2,5'

3 rpyna, SHR i3 BBeaeHHaM nponpaHonony 50 mr/kr, n = 10 3146+ 78 110,0 +2,88%/ 72,3 + 1,82

4 rpyna, SHR i3 BBegeHHsM kapseaunony 50 mr/kr, n = 10 306,4 +6,8' 109,6 + 1,82/ 71,7 £ 2,12

5 rpyna, SHR i3 BBeaeHHsM rineptpuny 20 mr/kr, n = 10 300,5 + 6,6 110,4 +2,12/ 69,5 + 1,72

1: focToBipHa pisHNLsA nokasHIKiB Lypis NiHii SHR (2-5 rpynu) (p, < 0,05) wogo signosigHux napametpis WKR (1 rpyna); 2: BiporiaHa pisHuUa nokasHukis 3, 4 i 5 rpyn
i3 BBEIEHHAM GeTa-6nokatopis (p,<0,05) Ta napameTpis wwypis niHii SHR 3 Al (2 rpyna).

Tabauus 2. MokasHUKKM KOTHITMBHUX GYHKLIM TBApKH 3 apTepianbHOLO rinepTensieto B Tecti YPIMY Ha 30 poby ekcniepumeHTy, M + m

EkcnepumeHTaneHi rpynu TNateHTHUM nepiop JlateHTHUI nepiog 3axoay Kinbkictb
3axofy B TEMHY Kamepy B TEMHY Kamepy 4Yepe3 24 rop | HaBYeHUX
[0 HaBYaHHS, C nicns HaBYaHHs, ¢ TBapWH, %

1 rpyna, HopmoteHamsHi wypn WKR, n =10 12,30 £2,75 147,00 + 8,30 100

2 rpyna, SHR,n=10 12,30+ 0,78 54,00 £ 2,10 30

3 rpyna, SHR i3 BBegeHHsM nponpaHonony 50 mr/kr, n=10 | 10,70 £ 1,23 34,80 + 1,50"2 20'2

4 rpyna, SHR i3 BBegeHHaM kapsegunony 50 mr/kr, n =10 11,20£1,12 59,70 £2,32"3 40'23

5 rpyna, SHR i3 BBegeHHsM rineptpuny 20 mr/kr, n = 10 10,10 £ 1,60 92,00 + 1,28"234 80234

1: focToBipHa pisHNLA NokasHukiB wwypis mikii SHR (2-5 rpynu; p_ < 0,05) wopo signosigHux nokaskukis WKR (1 rpyna); 2: BiporiaHa pisHuLs nokasHWKiB TBapuH
3,415 rpyn i3 BBeieHHam BeTa-Griokatopis (p < 0,05) wono napamerpis 2 rpynu wypis nikii SHR 3 AT, 3: ocToBIpHa pisHNLS NOKasHuKiB 3 rpynut (i3 BBEAEHHSIM
nponpaxorony; p, < 0,05) WoAo 3HayeHb, BCTaHOBMEHX Y 4 i 5 rpynax wypis Nikii SHR 3 AT; 4: BiporiaHa pisHLSA MOKa3HKKiB 4 rpyni (i3 BBEAEHHSM Kapseaurony,

p, < 0,05) wono napametpia 5 rpyny wypis niii SHR i3 BBeagHHAM rineptpuny.

Bubipui (M), amcnepcito Ta noMUIKy cepegHboro (m). Ans oui-
HIOBaHHS JOCTOBIPHOCTI BIAMIHHOCTE pe3ynbTaTia AoCnigKeHb
B EKCMEPUMEHTAITbHIX | KOHTPOIbHIX rpynax LLypiB BU3HAYanm
koediujeHT CTbtogeHTa (t). JoCTOBipHMMM BBAXanN 3HAYEHHS,
ans skmx pSt < 0,05.

Pe3yabTati

Y pesynbTaTi A0CHIMKEHHS BCTAHOBUIW, LLO LLLYPU 3 FEHETUY-
HO 3yMOBIEHO Al XapaKTepu3yoTbCs OinbLUIOK MacoHo Tina Ta
nigsvieHnm AT. Tak, Maca Tina wwypis niHii SHR maixe Ha 50 %
Ginbwa 3a nokasHuk TBapuH WKR, a cepeaHe 3Ha4eHHst cUcTo-
nivHoro (Pc) Ta aiactoniyHoro Tucky (Pa) y HUX nepesuLLyBano
HopMaTuBHi Ha 62 % Ta 44 % BignosigHo (mabs. 1).

TpuBana mepnukameHTO3Ha Kopekuisi 6eTa-6rnokatopamu
cnpusina Hopmarnisaui nigeueHoro AT (hakTUYHO 0 NOKa3HMKIB
LLypiB HOPMOTEH3WBHOI rpynu. Maca Tina TBapuH, IKUM BBOZUI
npenapaTi, He Masna [OCTOBIPHMUX BiAMIHHOCTEN Bif, 3HAaYEHb rpynu
SHR 6e3 MeankameHTO3HOI kopekLii Ta 6yna A0CTOBIPHO GinbLLOK
(marbke Ha nornosumHy) 3a napametp Lwypis rpynn WKR (ma6n. 1).

Y rpynax Lypis, Ski OTPUMyBanu pisHi 3a BAACTUBOCTSMM
Geta-6nokatopm (rpynu 3, 4 i 5), Binbynacs crabinisauis AT,
LLIO LLIBMAKO AOCAT LiNbOBOrO 3HaY€HHs Ta He MaB JOCTOBIPHUX
MiXrPYMOBWX BigMIHHOCTEN (mabs. 1).

Mig yac nepuoro TectyBaHHs YPITY BCTaHOBNEHO, LU0 NO-
Ka3HWK/ NaTeHTHOrO Nepiody 3axomy B TEMHY Kamepy TBapuH
YCiX rpyn JOCMIMKEHHS He BigpisHanues (mabn. 2).

Iig Yyac NOBTOPHOrO TECTYBaHHS 3a BCiMa iHTErpaTUBHUMM
MoKasH1KamMm YMOBHO-PEONEKTOPHOT AisiNbHOCTI BCTAHOBUIN
[OCTOBIpHI BiAMIHHOCTI €KCNepUMEHTasbHUX rpyn LLypiB MiHii
SHR nopiBHAHO 3 NOKa3HUKaMM HOPMOTEH3UBHOTO KOHTPOIHO,
a TaKoX 3adikcoBaHO MiXIpynoBi 0cobnmBocTi. Tak, y TBapuH
2 rpynn 3 Al" TpuBanicTb NaTeHTHOrO Nepiofly 3axofy B TEMHY
Kamepy MiCnst HaBYaHHA Oyna Maibke BTPUYi MEHLLOW, HiX Y
WKR, a KinbKiCTb TBApUH, LU0 COpMyBanu HaBUYKY, CTaHOBMNA
Tinbkn 30 % (mabr. 2).

AHanis pesynbratiB TecTy hopmyBaHHs YPITY wypis, ski
0TpMMYBanu MeauKameHTO3HY KOpekuito migsuwieHoro AT
Gerta-bnokatopamu, Nokasae BIpOriaHi BiAMIHHOCTI BNMMBIB Ha
30aTHICTb A0 HaBYaHHsA. 30Kpema, Ha Tni BBEAEHHs nponpa-
HOMony B WypiB 3 rpynu cnocTepiranit NOripLLIEeHHs YCiLIHOCTI
peanisaLlii yMOBHO-pehNeKTOPHOT HAaBUYKM: BifOYrnoCs 3HIKEHHS!
pedonekcy YHUKaHHS Ta 30aTHOCTI 4O HaBYaHHS Binblue Hix y
nisTopa pasa Loao 3HaveHb SHR-wwypis 2 rpynu Ta B 5 pasie
MOPIBHSAHO 3 NOKa3HMKaMK, LU0 3ad)ikCOBaHi B HOPMOTEH3UBHMUX
WKR (1 rpyna) (mabn. 2).

Ha tni BBeOeHHs1 kapBeaunony B wypie SHR 4 rpynu go-
CTOBIPHOTO €(YeKTY LLOAO MOKA3HMKIB KOrHITUBHUX (DYHKLINA Yy
TBApUH 2 rpynu He BCTaHOBIMEHO. KinbKiCTb TBApUH, SIKi YCiLLHO
3MOITIM peanidyBatu 3axucHuii pecpriekc, ctaHosuna 40 %. OTxe,
3a(hiKCOBaHO KpalLlly pe3ynsTaTUBHICTb MOPIBHAHO 3i Lypami 2
i 3 rpyn (mabn. 2).

BeegeHHs rinepTpuny Cnpusno 3MEHLWEHHIO NPOsiBIB KOr-
HITMBHOIO JediLnTy B yMOBaX CMOHTaHHOT Al y LypiB 5 rpynu,
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apke nateHTHUI nepiog YPI1Y B HUX B 1,6 pasa TpuBaniwmi, a
KiNbKICTb MOBHICTIO HaB4YeHMX TBapuH Ha 50 % nepesuLlyBana
BiONOBIZHI MOKA3HWKM rpyn TBapuH Be3 kopekLii (2 rpyna).

[MOpiBHANBHUI aHani3 MOKa3HWKIB CTaHy KOTHITWBHOI cde-
pu micns kopekuii B-6rokatopamu pisHWUX MOKOSiHb MokasaB
3HauyLWi BIAMIHHOCTI iXHIX BNAWBIB i3 JOBEAEHOK BUCOKOH
edekTuBHICTb rinepTpuny. Mpenapat cnpusis 30inbLeHHI Mait-
Xe BTpWUYi NaTeHTHOro nepiofly 3axofy B TEMHY Kamepy Yepes
24 rof nicns HaB4aHHA NOPIBHSHO 3 TBAapUHAMW, SIKi OTPUMYBany
nponpaxoron (3 rpyna), a Takox 3BinbLUEHH!O B 4 paau BigcoTka
HaBYeHWX TBapuH. [epeBaru BBEAEHHS KapBEAWIONY BUSBUMM
3a TpMBaniLuMm Ha 54 % naTeHTHUM nepiofoMm i BABIYi BinbLLO
KiNbKICTIO LLYpIB, LLO YCRiLUHO peanisyBanu pediekc (mabn. 2).

MeZnykaMeHTO3Ha KOpEKLIisi MPONPaHONoNOoM i KapBeauno-
oM BUSIBUNAcs ManoeeKTUBHO LLOAO BNAMBY Ha 30aTHICTb
[0 HaBYaHHS Ta peanisalii yMOBHO-PeEKTOPHOI HaBMYKMY,
HaWripLi edekT — Big NponpaHonony.

06roBopeHHA

KorHiTmBHI NOpyLUEHHS MaloTb iCTOTHUIA HEraTUBHWIA BNNWB
Ha navjieHTiB, 0Ci0, AKi 3MiNCHIOTb JOrMSA 32 HAMKU, Ha nocTa-
YanbHWKIB MEAUYHUX NOCAYT, NNaTHUKIB NOAATKIB i CyCninbCTBO
3aranom [9]. [MomipHi KOTHITUBHI NOPYLLIEHHS € PaKTOPOM PUNKY
XBopo6u AnbLrenmepa Ta iHLLNX AeMEHLIN, € TSHKKAM ryMaHi-
TapHUM | (iHAHCOBWM TSirapeM 151 XBOPKX Ta 0CiB, ik 32 HUMK
pornsgaatotb [10].

Bigomo, L0 Ha KOTHITUBHI (PYHKLT BNMBaKOTL YMano gak-
TOPIB: BiK, paca, CTaTb, CIMENHWI aHAMHE3, (i3NYHWIA | ICUXIYHWIA
CTaH 300pOB’s, TPaBMU roOroBM, KYPiHHS1, BIACYTHICTb (isU4HOI ak-
TMBHOCTI, hakTopy AoBKinns, Binb [11,12], bapmakotepanis [13].

HuwHi gocnigHukyM BCTaHOBMM, WO Nif Yac NiKyBaHHS
rinepToHiYHOi XBOPOOU B NauieHTIB Cnif He TiNbKn BpaxoBy-
BaTW e(eKTUBHICTb aHTUriNepTEH3MBHIX Npenaparis LWoao
cTabinisauii Ta migTpumkn crabinbHoro AT, ane n Tpeba
nepenbayaty iXHii MOXIMBUIA HEraTUBHWIA BNNUB Ha SAKICTb
XWTTS, afKe MOro NOripLUeHHs MOXe MpU3BECTM 40 BTpaTy
HE3aNeXHOCTi Ta 3HWXKEHHS NPUXMABHOCTI A0 Tepanii. AKicTb
XUTTS BU3HAYeHO Sk 6aratodakTopHy 3MiHHY. PO3pi3Hs0TH
Pi3Hi KOMMOHEHTW SKOCTi XWTTS: CUMNTOMAaTW4YHe Brnarono-
nyyyst, eMoLlinHe, isnyHe, npaLe-colianbHe, KOrHITUBHe Ta
3a[10BOMEHE KUTTSAM, — LLIO CTAKTb YMOBOK NpU (DOPMYBaHHI
nikyBanbHoro komnnekcy [14].

Pesynbratu GaraToLeHTpoBUX KMiHIYHUX CMOCTEPEXEHb, Y
AKX OLiHIOBaNK BNAMB TpWBanoi Tepanii rinepToHii Ha AKICTb
KUTTS NauieHTiB pi3HUX BIKOBUX rpyn, Aanu nigcrasu 3pobuty
BV CHOBOK, LLIO aHTUTNEPTEH3NBHE MiKyBaHHS 3aranom abo He
Masno HEraTMBHOTO BrIMBY Ha SIKICTb XUTTS, ab0 NpU3BOAMIO
[0 HEe3Ha4HOro MOripLUEHHS], Y AesKUX BUMaaKax crocTepirany
He3HayHe noninweHHs [15,16]. MNuTtaHHsA Npo Te, YK € Aesiki Knacw
aHTUrinepTeH3MBHMX 3acobiB BinbLL KOPUCHUMM b0 LLKIBNMBAMM
B aCreKTi BNMBY Ha SIKICTb XWTTS Ta KOTHITUBHI 3ai6HOCTI, 3anu-
LaeTbesa 3aebinbLuoro 6e3 Bianosigi.

JocnigHuKkn BCTaHOBKNM, WO HECENEKTUBHI NiNOMiNbHI
aHTaroHicTn GeTa-agpeHopeLenTopiB, 30kpema nponpaHoson,
MaloTb NEBHUIN HETATMBHUIA BNMMB Ha SIKICTb XUTTS | NOB’A3a-
He 3 [IeNpecieto NoripLUeHHs (hyHKLi nam’aiTi, @ Takox NobiyHi

eeKTI, SK-0T Npobnemu 3 epekuieto. MeHL HecnprsTIMBIIA
BMAMB OMWCAHO AN1s1 aHTaroHicTiB Geta(1)-agpeHopeLenTopis;
BM3HaYeHO NO3WUTUBHUI ehekT Npenaparis, Ski MatoTb J0AATKOBI
CyAMHOPO3LLMPOBanbHI BnacTueocTi [17].

[ig Yac ekcnepuMeHTanbHOrO AOCIIMKEHHS, LLO 34INCHUNK,
BCTaHOBMEHO: 30-4eHHe BBeAEHHS nponpaHonony B 403i 50 Mr/kr,
He3Ba)xaro4m Ha epekTuBHY cTabinizavito AT y LwypiB niHii SHR,
HEeraTMBHO BMIIMHYMO Ha peanisaLitd YMOBHO-PENEKTOPHOI
HaBWYKW Ta CyTTEBO MOTIPLUMIIO 30ATHICTb 0 HABYAHHS B rpyni
(mabr. 2). MiaTBEPMKEHHSM BUSBIIEHWX 3MiH KOTHITUBHOI cchepu
€ pesyrnsTaTi aHaniay 6araToLeHTPOBYX JOCTMKEHb YCKIaaHEHb
Tepanii 6eta-6riokatopamu, 0c06nMBO NiNOGiNbHUMYK — Nponpa-
Hononom [18]. Y 6inbLuocTi AocnimKkeHb AOBEOEHO 3B'A30K MiX
niKyBaHHAM NiNOiNbHUMM HECENEKTUBHIMI GeTa-briokatopamm
Ta KOTHITUBHUM AeiLIMTOM, aKLEHTOBAHO Ha OKPEMUX KOTHITUB-
HWX (OyHKUISIX, @ He Ha mporpecyBaHHi aemeHji [19,20].

MMig yac JocnimkeHHs aHaniyBanu TakoX BMAWB iHLLOMO
Gera-bnokaTtopa — kapBeamnony, HecenekTUBHOMO Brokartopa
B-appeHopeLenTopiB, SIKWA LUMPOKO 3aCTOCOBYIOTH M Yac
nikyBaHHS 3acCTiliHOI cepueBoi HepocTaTHocTi Ta Al [JoBene-
HO 110ro NpoTK3anasnbHy Aito Ha MO30K Ta KOTHITUBHI (DYHKLT y
nauieHTiB i3 xBopoboto AnbLrelimepa BHACMiZOK MOKPALLEHHS!
MO3K0BOi Nepdyaii. OgHak OcKinbKM 1oro noTyxHa B-6roky-
BarbHa aKTUBHICTb MOXe BUKIMKaTW Bpagukapaito Ta rinoto-
Hit0, MOKa3aHo, Lo NepeBaryt kapeeaunony 0oMexeHi LO30t0.
HelwonaBHo foBeaeHo, Lo kapBeaumion 3anobirae Ta ycyBae
HeypoHarbHyY rinepakTUBHICTb, MOripLUEHHs nam’aTi Ta BTpaTy
HeWPOHIB, He BMIMBAKUM Ha HakonuyeHHs (-aminoigy (AB) B
MULLIAYMX Mofensix ciMenHoi xBopobu Anblrenimepa in vivo
Ta in vitro [21]. Pe3ynsTaTMBHICTb MOMO BNAMBY HA KOTHITWBHI
30i0HOCTI NIATBEPAXEHO Y HALIOMY LOCHIMKEHHI: B LIypiB 3i
cnagkoBoto Al 3achikcoBaHO yCnilWHICTL peanisalii pednekcy
Ta NOro 3anam’iToByBaHHS NOPIBHSHO 3 TBApUHAMU, SIKUM He
BXMBanM 3axofiB 3 MEAMKAMEHTO3HOI KOpeKLii, Ta TUMu, Lo
Of€epXyBanu nponpaxonon (mabn. 2).

OcTaHHiIMM pokamu BUSIBNIEHO HOBI MOKa3aHHs [0 3acToCy-
BaHHs Kapeeaunony. Kpim cnpustnueoro BnnuBy Ha ceple Ta
AT, nokasaHo Woro noTeHuian Ans nikyBaHHS HEBPOSIOrYHMX
posnagis [22]. B nepcnekTusi nepenik HOBUX NokasaHb [0 3a-
CTOCYBaHHs kapeeaumnony 30ibLUyBaTUMETLCS 3 MOMMMONEHHSM
PO3YMiHHS MexaHi3MiB 1oro Aii [21], siki, IMOBIPHO, € CKnagHUMK
Ta 6aratohakTopHUMMU.

MakcumanbHy echeKTUBHICTb BNINMBY HA KOTHITUBHY CAbepy LLy-
piB 3 A" NoKa3aB rinepTpui, KW € KapaioCeneKTUBHUM [B-aapeHo-
OnokaTopoMm i3 LOBEAEHNUMI @HTUAHTIHAMBHUM, aHTUOKCUAAHTHUM
Ta NO-mogyntoBanbHAM edoektamu, iHTeHCUdikye disionoriyHmi
wnsax cuHtedy NO, nigBuLLyouM akTUBHICTb eHAoTenianbHoI
NO-cuHTasm [23]. Y chaxogiit nitepaTypi HaBEAEHO Kinbka nepe-
KOHMMBWX apryMEHTIB, YOMY BUKOPUCTaHHS BUCOKOCENEKTUBHIX
GeTa-6nokaTopiB i3 4OAATKOBOK CYAMHOPO3LUIMPIOBANTBHOK aK-
TUBHICTIO, NOZIOHMX [0 riNepPTpUIy, MOXe CIPUSITIIMBO BNIMBATM
Ha KOTHITUBHI oyHKLji. Tak, No-nepLLe, BOHM MPUIHIYY0Tb CUMNa-
TUYHY HEPBOBY CHCTEMY, 3B’S3ytoumch i3 BeTa-agpeHepriyHMK
peLienTopamm, LLO 3HWKYE CKOPOUYBarbHY CUIy CEpLIS, PO3LLMPIOE
apTepianbHy CyauHHY Mepexy Ta 3Hkye AT. [o-apyre, foBeneHo
AHTUOKCWUOAHTHI BNACTMBOCTI Ta ra3oTpaHCMITEPHY MOAYISLL0
Yepes cHCTEMY MOHOOKCIZY a30Ty 3 peariaaLlieto A0ro No3UTUBHIX
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O, IO TaKOX 3HKYE PU3MK (DOPMYBaHHS Ta NPOrpecyBaHHs
KOrHITUBHMX MOpYLLEHb 3aBAskv Oe3nocepesHbOMY BMAMBY Ha
MONINLUEHHS (OYHKLLA MO3KOBOI TKaHWHM [23].

BucHoBKH

1. Y rinepTeH3nBHKX LLYpIB 3i COHTAHHOK apTepianbHO0
rineptensieto (SHR) apyroro nokoniHHs 3achikcoBaHO LOCTOBIPHE
3HUKEHHS! MOKa3HWKIB CTaHy KOTHITUBHOI CChepyn MOPIBHAHO 3
HOPMOTEH3VBHVIMY TBapyHaMM.

2. JlikyBaHHS apTepiarnbHoi rinepTeHsii NponpaHononom (He-
cenekTMBHIA B-Briokatop 6e3 BHYTPILLHBOT CUMNATOMIMETUYHOI
aKTUBHOCTI) NPU3BOAUTL A0 MOTIPLUEHHS KOTHITUBHIX (DYHKLN
— 3HWXEHHS 3anam’'aTOBYBaHHS Ta 30aTHOCTI [0 HaBYaHHS.

3. BBeneHHs kapseaunony (HecenektusHui al-, B-Broka-
TOp) Crpusie 30INbLUEHHIO KiNbKOCTI HABYEHUX TBApWUH Y Tpyni,
ane He BNNWBAaE Ha NaTEHTHWUI nepiog pednekcy.

4. MegukameHTO3Ha KOPEKLis apTepianbHOI rinepTeHsii
rineptpunom (B-6rokatop ocTaHHLOrO MokoniHHsg 3 NO-mime-
TUYHOIO f1i€t0) 3 BUCOKOI0 €EKTVBHICTHO BNMBAE Ha peaniaaLlito
YMOBHO-PEIIEKTOPHOI HAaBMYKM Ta 30aTHOCTI A0 HaBYaHHs. Lie
CBIiAYNTb MPO 3HWKEHHS KOrHITUBHOTO AedilnTy B LIypiB MiHii
SHR 3 eceHuianbHOK apTepianbHO rinepTeH3IE.

MepcneKTMBU NOAAABLUMX AOCAIAKEHb NOMAraloTh y Npo-
JOBXEHHi HaKOMWUYEHHS i y3aranbHeHHs! 3HaHb Liofo OyaoBw
rinokamna B HOPMi Ta 3@ YMOB apTepiarbHoi rinepTeHai.
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[MpOTArOM OCTaHHiX POKIB IHTEHCMBHIX LOCTIimMKEHb KICTKOBOTO MeTaboniamy Y [iTeii paHHbOrO Biky BiAOYBCS 3Ha4HWIA
Mporpec y posyMiHHi Ta XxapaKTepuCTyLL po3nafiB, LLO BIMBAKOTb HA (POpMyBaHHS ckeneTa. AKTyarnbHUM 3anuLiaeTbest
BUBYEHHA POTi BiTaMiHy D, y NoKpalLeHHi 300POB'A MaTepi, 3HWKEHHi PU3VKY NOPYLLEHb POSBUTKY MNofja, HOBOHAPO-
[PKEHOTO Ta HEMOBNIATI, OCOBIMBO NMEPEnYacHO HAapOMKeHNX. ToMy HOBI NaTodi3ioNorivHi AaHi WoAo opMyBaHHs
KICTOK MOXYTb AOMOMOITM ONMTUMI3yBaTH [iarHOCTUKY Ta MPOchinakTuKy NOpyLUEHb KICTKOBOTO MeTabomiamy.

Mera po6oTu — CMCTEMATU3yBaTV Ta NpoaHanidyBaTy AaHi HayKoBKX JOCNiMKEHb, ONUCaTK NaTodi3ionorivHi Mexa-
Hi3MK, LLO CIPUYMHSIOTL PO3BUTOK MeTaboniyHNX 3aXBOPHOBaHb KICTOK Y NepeaYacHo HapomKEHNX AiTeN, a Takox
3AINCHUTI NOLLYK IHHOBALLIHWX MiAXOIB 4O AiarHOCTUKW Ta NPOINaKTUKK 3aXBOPIOBAHHS.

MetaboniyHa xBopoba KiCTOK (HeOHaTanbHa OCTEONeHis) € CKNagHUM MEAUYHUM BUKMWKOM Mif Yac HafaHHS
LOMOMOTY HEZJOHOLLIEHUM AiTIM, SIKi HAPOLKEHI 3 Iy)XE HM3BKOK MacoH Tina, Ta XBOpUM HEMOBHISITaM. 3ycunns
MeaMYHOI CMiNbHOTY CPSIMOBaHi Ha MakcumarbHe 30iNblUeHHs! LWiNbHOCTI KICTKOBOI TKaHUHW B Pi3Hi nepioau
POCTY, NOYMHAI0YM 3 BHYTPILLHLOYTPOGHOIO Ta HEOHATANLHOIO NEpPIOAIB PO3BUTKY, 1S CMIPUSIHHS (DOPMYBaHHIO
Ta 30epeXeHHI0 KICTKOBOT TKaHWUHIM Hapani.

BucHoBku. HaitbesneyHilumm i yHiBepcanbHUM CKPUHIHTOBIM METOAOM OLjiHIOBaHHS MiHEPaNbHOI LLinbHOCTI KICTKOBOI
TKAHUHW Y HELOHOLLIEHNX AiTEN € KinbKiCHe YrbTpasBykoBe AOCTimKEHHS. HUHI 3annaHoBaHo Ta 3GiCHIOTbL YAMano
(hyHOaMeHTanbHUX AOCMIMKEHb, PE3yNbTaTi AKX CTaHyTb OCHOBOK Ans po3pobneHHs yHidiKoBaHMX HAaCTaHoOB
3 [liarHOCTWKK, NiKyBaHHS Ta NpodinakTuky MeTabonivyHoi XBOpoOM KICTOK ANst MiABWLLEHHS SKOCTI XUTTS AiTel i3
MOPYLLEHHSIMM KICTKOBOTO MeTaboniamy.

CyuacHi meauuHi TexHonorii. 2024. T. 16, Ne 3(62). C. 228-234

Problems and achievements in the study of metabolic bone disease
in young children (literature review)

L. M. Boiarska, L. S. Ovcharenko, I. I. Redko, T. S. Herasimchuk, T. O. Levchuk-Vorontsova

In recent years, intensive research on bone metabolism in early childhood has led to significant progress in un-
derstanding and characterizing disorders affecting skeletal formation. The role of vitamin D, in improving maternal
health and reducing the risk of developmental disorders in the fetus, newborn, and especially premature born
infants, is an important area of research today. Therefore, understanding new pathophysiological aspects of bone
formation can help optimize the diagnosis and prevention of bone metabolism disorders.

Aim. The aim of this work is to systematize and analyze scientific research data, to reveal pathophysiological
mechanisms contributing to the development of metabolic bone diseases in premature infants, and to search
innovative approaches to diagnosis and prevention of these disorders.

Materials and methods. The study involved reviewing and analyzing domestic and foreign literature sources using the
PubMed and Scopus databases for the period 2019-2024. The literature was searched and selected using the keywords:
newborns, preterm infants, neonatal osteopenia, metabolic bone disease, and ultrasound densitometry. Full-text articles
from studies with evidence levels I-Il were included to this review in order to systematize and summarize the findings.

Metabolic bone disease (neonatal osteopenia) presents a significant medical challenge in the care of preterm
infants, especially those born with very low birth weight and sick neonates. The current requirements of the medical
community are aimed to maximize bone density during growth periods, starting from the intrauterine and neonatal
stages, to promote the formation and preservation of bone tissue in later life.

Conclusions. The safest and most universal screening method for assessing bone mineral density in preterm infants
is quantitative ultrasound. It is expected that over the next decade, many fundamental studies will form the basis
for the development of unified guidelines for the diagnosis, treatment and prevention of metabolic bone disease to
improve the quality of life of children with bone metabolism disorders.

Modern medical technology. 2024;16(3):228-234
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OcTeonopo3 € rnobarnkHoto NpobreMor OXOPOHM 300POB 'S,
JA0r0 MOLWMPEHICTb 3pOCTae 3i 36iMbLUEHHSM TPUBANOCTI KUTTS
HaceneHHs [1,2,3]. Xo4a BiH PO3BMBAETLCS Ha Mi3HiX CTagisx
XWTTS, 0fHaK 6epe CBili NoYaToK Le B nediaTpuiHoOMYy Bl — Y
OWTUHCTBI Ta NigniTkoBoMy BiL. BigTak, npodinaktuka BTpatu
MiHepanbHOT MacK KiCTOK Ha LMX XUTTEBO BaXMMBUX CTadisX
MOXE 3MEHLLMTU PU3NK OCTEOMOPOTUYHIX NEPENTOMIB MPOTArOM
xutTa [3,4].

3'9BNSETbCS BCe OiNnblue A0Ka3iB, LU0 300POB'S KICTOK MOXXHa
«3anporpamyBaTtiy B NepLLi pokv XUTTS. g Yac BHyTPILLIHBOYT-
poGHoro nepiogy po3BUTKY PisHi bakTopy, 1 30Kpema marte-
PUHCbKE XapyyBaHHsl, MOXYTb BNMWBATK Ha PO3BUTOK CKeneTa
HaLLaaKiB, @ OTKE BU3HAYaTV PU3MK PO3BUTKY OCTEOMOPO3Y Ha
HacTYMHUX eTanax XWTTs. ADe BigOMO, L0 OCTEONOPO3 He
Tinbky 6e3nocepenHLO BNMBAE Ha CTaH 300POB's, ane 1 € co-
LlianbHO-eKOHOMIYHO, MeaU4HO Npobrnemoto [3,5].

OKpimM BHYTPILLHLOYTPOBHOMO PO3BMTKY, Nepiogamn Hai-
BinbLUOro, HAMLIBMALLOTO POCTY N PO3BMTKY KICTKOBOI CUCTEMU
TMOAMHM € AUTUHCTBO Ta NigniTkoBui Bik. Came B Lji nepioay crno-
CTepiraroTb NPOLECH MPUCKOPEHOTO POCTY, 0COOMBO B paHHEOMY
OWTWHCTBI; fani HacTae Yac AoBosi CTabinbHOro 3pOCTaHHs B 10~
LUKINbHOMY Ta LLKifIbHOMY BiLli, @ B Nepioai CTaTeBOro 403piBaHHS
3HOBY BM3HAYaKOTb NPULLIBUALIEHHS 3pOCTaHHS [5,6].

Po3ymiHHs cpisionorii kanbuieBoro Ta ocdatHoro rome-
ocTady HeoOxifHe Ans NiKyBaHHS NALIIEHTIB i3 MOPYLUEHHAMM L€l
rOMeOCTaTU4Hoi cuctemu. MopyLUeHHs KarnbLiesoro, hocaTHoro
Ta CKeneTHOro obMiHy HanexaTb 4O HaWMOWMPEHILIOI rpynu
3aXBOPIOBaHb B eHAOKpUHOIOrT. CKENeT MoXe MaTh H13bKY LLirb-
HICTb KICTKOBOI TKaHIHM, SIK-OT MPY OCTEONOPO3i Ta 0cTEOMansLyji,
ab0 BMCOKY LLINbHICTb KICTKOBOI TKAHWMHM — TOZj AiarHOCTYHTh
xBopoby NemxeTa, OCTEONETPO3 Ta iHLWi OCTEOCKNEPOTUYHI
posnapm [7,8,9]. MetaboniuHa yHKLia KICTKW nonsrae B TOMY,
wob 3abe3neynTn roMeocTaTuiHuii MiHepansHWUiA peseps, Ha-
camnepes Ans KarnbLito, Ta iHWKX MiHepanis, 30KpeMa MarHito Ta
tocchopy. Lli kicTkosi MiHepanu moxyTb 6yTi MobinisoBaHi Ans
MiATPUMKYM CUCTEMHOTO MiHeparbHoro romeoctasy. MetabonivHa
(PYHKLIis KICTKM NepeBaxae Haf, CTPYKTYPHO, OCKINbKM KarbLjii
Ta iHLWi MiHepanu BUOansTbCS 3 KICTKM Ta 3aMiHIOKTLCS B Hil
Ons 3a6e3neqeHHst CUCTEMHUX TOMEOCTaTUYHMX NoTped Hesa-
NEXHO Bif BTPaTH CTPYKTYPHOI LiiMiCHOCTi ckeneta [7].

Merta poboTtu

CuctemaTtnayBaTyi Ta NpoaHaniayBaTyi AaHi HayKoBMX JOCHi-
[DKeHb, onmcaTti NaTodisionorivyHi MexaHiamu, Lo CNPUYNHAIOTL
PO3BUTOK MeTaboniYHNX 3aXBOPIOBAHD KICTOK Y MepeavacHo Ha-
POIKEHNX LiTEN, @ TAKOX 3AIMCHUTM NOLLYK iHHOBALLIHMX Nigxogis
[0 AiarHOCTMKM Ta NPOodiNaKTVKy 3aXBOPIOBAHHSI.

Marepianu i MeTOAU AOCAIAKEHHA

[ocnimkeHHs 3aiiCHeHe LNSXOM BUBYEHHS i1 aHani3y AaHuX
BITUM3HSAHOI Ta 3apybixHOI HAayKOBOI NiTepatypu. [ns nowyky
peneBaHTHUX mxepen 3a 2019-2024 pp. BukopucTanu 6asm
AaHvx PubMed i Scopus. Mowwuyk i Bigbip nybnikawin 3gincHmnm 3a
KITHOHOBMMM CIIOBaMM: HOBOHAPOMKEHI, HELLOHOLLEHI AiTW, HEOHa-
TasnbHa ocTeoneHis, MeTaborivHa Xxeopoba KiCTOK, ykTpa3BykoBa

JeHcutomeTpis. [o ornsay BKIKOYEHO NMOBHOTEKCTOBI CTaTTi, Y
AKX HaBELEHO pe3ynbTaTv AOCHiLKeHb PiBHIB JOKa30BoCTi I-Il,
ONns cucTemaTusalli i ysaranbHeHHst faHux. owyk HaykoBol
niTepaTypu BKINKOYAB Taki ETanu: nepernsg 3arofioBkiB i aHHOTa-
Lin, BinOip cTaTei 3a KpUTepiSMK 3anyyeHHs], aHanis 3ibpaHnx
[aHuX BidnoBigHO 4O TeMu pocnigxeHHs. Cnucku nitepatypw,
HaBe[eHi B nybnikawjsix, Nnepesipuny BpyYHy Anst ineHTudikavji
[00aTKOBUX peneBaHTHUX cTatel. HeonybnikoBaHi faHi, sk-0T
MaTepianm KOH(epeHLin, He BKIKYanm oo ornsay, abu 3abes-
MNeYnTI BUCOKY JOCTOBIPHICTb i SKICTb AaHUX.

Pe3yabtatun

0co6AuBocCTi popMyBaHHA KICTKOBOI TKaHMHU y nnopa. MiHe-
paniaaLisi KICTOK po3noYMHaETLCS Ha eMBpioHanbHil CTagii pos-
BUTKY IOAMHY, ane HanakTWBHiLLe npoLec nepebirae y TpeTbomy
TPUMECTPI BariTHOCTI, konm 36epiraeTbes 4o 80 % MiHepanbHoro
BMICTY. [0 25 TUXHS BariTHOCTI HAKOMUYEHHS MiHeparniB cTaHo-
BUTb Npnbnm3aHo 60 Mr Ha aeHb i 3pocTtae Ao 300 Mr Ha AeHb y
recraujnHomy Biui 35-38 TwxHis [10,11]. OcTeobnactu copmy-
t0Tb OPraHiYHMI KICTKOBWI MaTpUKC Ans 36epiraHHs kanbLilo Ta
thocdparty, Lo Npr3BOAMTL A0 NOCTYMOBOTO 36iMbLUEHHS 06’eMy
KICTKM BHacnigok 36inbLUeHHs TOBLLWHN Tpabekyn. Y nauieHTiB
i3 FeHETUYHUMM Ta MeTabONIYHNMIN 3aXBOPHOBAHHAMM BU3HAYa-
t0Tb NOPYLUEHHS PEMOLENIOBAHHS KICTOK, LLIO CYMPOBOLKYETHCS
36inbLUeHHsIM ocTeoknacToreHesy [10,11].

KicTkoBa TKaHWHa, LLO CKMadaeTbCs 3 TPbOX TUMIB KMITWH:
0cTe0bnacTiB, OCTEOLMTIB | OCTEOKNACTIB, — € aKTUBHOW B MeTa-
BoniyHOMY acnekTi Ta xapakTepu3yeTbCsl BUCOKOH AMHAMIYHICTIO
3aBASKM NOCTINHOMY NPOLECY PEMOAENOBAHHS MPOTATOM XUTTS
[11,12].

Po3pi3Hst0Tb 1B TUMM OKOCTEHIHHS KICTOK: BHYTPILLHEOMEMO-
paHo3He Ta eHgoxoHapanbHe. Obyaea NPOLECH MOYNHAKTLCA 3
Me3eHXiMarbHOi TKaHUHK-NoNepeaHUka, ane ix NepeTBOPEHHS!
Ha KiCTKy piaHi. [pn BHYTPILHEOMEMOPAHO3HOMY OKOCTEHIHHI
Me3eHximarbHa TkaHuHa Be3nocepeaHbO NEPETBOPHOETLCS Ha
KICTKOBY, YTBOPIOIOYM NAACKi KICTKM Yepena Ta Luenen, a Takox
nonatky abo knoumu. EHgoxoHapansHa ocudikauis noyu-
HaeTbCs 3 TOrO, LU0 Me3eHXiMarnbHa TKaHUHA NepeTBOPIETHCS
Ha NPOMDKHY XPALLOBY, LLO 3rof0M 3aMiHKETLCS KiCTKo. Llen
npoLiec cnpusie 36epexeHHI0 YacTVH OCbOBOTO ckeneTa Ta gop-
MYBaHHIO JOBruX KicTok [13,14].

lMpouecn nponicepauii, AndepeHuiaLii XpALLOBKUX KNITUH
Ta OKOCTEHIHHS! KOHTPOMIOKTb FOPMOHH, SIK-0T MapaTupeoigHni
ropMoH (ITT), uuTokinm (IL-1, IL-6), chakTopm pocTy (TpaHcop-
MyBanbHUN aktop pocTy-f, daktop pocTy dibpobnacTis,
iHCyniHonomiGHMiA hakTop pocTy, Binku MopdoreHesy KicTku), a
Takox Bitamitu (A, D, CiK)[11,15].

3B'130K MiX BCOKMM rpagieHTOM MiHepanis y nyoga Ta Ma-
Tepi nonsrae y Hu3bkomy pisHi MTT, kanbuuTpiony Ta cTaTeBUx
CTEPOIfiB, @ TaKOX BIMCOKOMY PiBHi KarnbLMTOHIHY Ta 6inka, Lo
3B'a3yeTbes 3 [T [16].

KanbLiesi peLentopy CpUUYnHAKOTL NPUTHIYEHHS CUHTE3Y
Tl y BiANOBIAb Ha NiABWLLEHI PiBHI KanbLjlo Y KPOBi nnoga.
Hu3bki piBHI kanbuuTpiony y nnoaa, AMOBIPHO, NOB'A3aHi 3
MPUrHIYEHHSIM HUPKOBOI 1a-TiAPOKCHA3N Yepe3 HN3bKMIA PiBEHDb
MTT, chakTopa pocTy hibpobnacTis-23, BUCOKMI piBEHb KarbLjto

ISSN 2072-9367

CyyacHi MeanyHi TexHoaorii. T. 16, Ne 3(62), amneHb - BepeceHb 2024 p. 229



Orasp aitepatypu / Reviews of literature

Ta pocchaty, acouiioBaHi 3 MigBMLLEHOK aKTUBHICTIO kaTabo-
niyHoro hepmeHTy 24-rigpokcnnasu. 36inbLieHa akTUBHICTb
nralueHTapHoi 24-rigpokcunasun Npru3BoauTL 0 NepeTBOPEHHS
25(CH)D y 24,25(0H),D, sikuit He 30aTHWI NEPETBOPIOBATHCA B
kanbuuTpion [16,17].

KanbUWTOHIH, SKUIA cnpusie BiAKNageHHI MiHepanis, npo-
DYKYETLCA LUMTOMOAIOHO 32103010 NoAa Ta NaLeHTo; 1oro
piBEHb Y KPOBI Mfioda Maibke BABIYI BULLWMIA, HDK Y CMpoBaTLi
kposi matepi [12,16].

MMicns HapomKeHHs! BifOyBatOTLCA LUBMAKI 3MiHM B OpraHiami
HEMOBMSATY, BKIOYA0UM MiHeparnbHUA 0OMiH, TOPMOHanNbHUIA
CTaH i MexaHi4yHi HaBaHTaXeHHs. [Npn LboMy nepepnBaeTbCs
[PKEpEro TpaHCnopTy MiHepanis Yepe3 nnaueHTy, ske 3abes-
reyyBarno iXHK JoCTaBKy 4O Myofa nif vac BaritHocTi [12,16].

PemopentoBaHHs KicTok nepefbavae aBa (yHAaMeHTabHUX
npouecu: GopMyBaHHS KiCTKi ocTeobnactamu Ta pe3opbuito
kicTku octeoknactamu. Lli aii hopmyBaHHs Ta pe3op6uii KicTku
He 3aBX/ay TICHO MOB’A3aHi (KpiM BlacHe NpoLiecy peMOAentoBaH-
Hs1). HesBaxatoum Ha Te, Lo hopMyBaHHs Ta pe3opbLisi KicTku
MOXYTb BigOyBaTUCA HE3aNEXHO Ha Pi3HWUX MOBEPXHSIX, BOHU
He € abCOMKTHO He3anEeXHUMU: Lii MPOLIECH 0AHOYAcHO nepebi-
ratoTb y BCbOMY CKEMETi Ta KOOPAMHYKOTBCA ANst €PEeKTUBHOIO
¢popmyBaHHs kicTok [7,18].

PeryAsTopHuit BNAME BiTamiHy D, Ha KicTKOBHI MeTa6oni3m
y nnoaa. He MeHLL BaxnuMBWM € CTaTyC Matepi 3a HaCUYeHICTIO
opraHiamy BiTamiHoM D, nia Yac 3a4arTs, rectauiitHoro nepiogy Ta
nepuHaTasibHUX CTafin posuTky nroga. Bitamin D, fonomarae
perynioBaty eMOpioreHes, CNpusie PO3BUTKY CKereTa Ta Koperye
piBeHb karbLjlo y nnoaa, skui pocte [19]. Y rectauinHomy nepioai
BifOyBaeTLCA HU3Ka i3ioNOriYHMX 3MiH B OpraHi3Mi matepi ans
[OCSrHEHHS 300POBMX, HEYCKINaZHEHWX MOOriB i 3abe3neyeHHs
ONMTUMAnbLHOTO BHYTPILIHLOYTPOBHOrO cCepeaoBuLLa Ans noja
[20].

Mig yac BariTHOCTI cTatyc BiTamiHy D, perynioioTb Tpu
apanTaLiiHi MexaHi3mu, 30kpeMa 30iNbLUEHHS! MaTePUHCHKOrO
KanbLuTpiony, koHueHTpauii binka, wo 38'a3ye Bitamid D,, 1
afekBaTHa JocTynHicTb 6eanocepegHbo 25(0OH)D y marepi.
Lli BapiaLji 04eBMaHI Ha PIBHAX CMCTEMHOTO Ta NiaLeHTapHOoro
KpoBOOGIry Ta MiATBEPAKYHOT, LLO NIALEHTa € OCHOBHIM MiCLIEM
meTaboniamy sitaminy D, [19].

Mnig He MOXe CUHTE3yBaTy BriacHiA BiTamiH D, (kanbuude-
port), TOMy MaTepuHCbkuiA BiTamin D, abo iHLwi 1oro GionorivHi
MeTaboniTi MatoTb OyTv nepeaani nnoay Yepes nnaveHTy. BiH He
nepeHocUTLCA B akTuBHiIN dhopmi 1,25(0H),D yepes nnavgHTapHy
TKaHWHY, IMOBIpHILLE — SIK iHAaKTUBOBaHa hopMa-nonepenHuk,
25(0OH)D, wo ponae nnaueHTapHuiA 6ap’ep fo nnoaa [19].

lMnavueHTa MiCTUTL hepMeHT 1-a-rigpokcunasy, skui, Bo-
4eBNab, MOXe akTvBysatu yTBopeHHs 1,25(0OH),D ai crionyku
25(0H)D [20].

[lo apyroro TpUMeCTpy BariTHOCTi CUPOBATKOBA KOHLIEHTPALLiS
1,25(0H),D 36inbLuyeTbCaA BABIHi NOPIBHAHO 3 NOKA3HMKaMM 10
BariTHOCTI, i KOHLEHTpALis NpPOLOBXYeE MOCTINHO 3pocTaTu Ha
200-300 % nopiBHSHO 3 HeBariTHUMM XiHkamu. BcTaHoBMEHO,
o koHueHTpaia 1,25(0H),D y nynosuHHil kPOBi TiCHO NOB'A-
3aHa 3 koHueHTpauieto 25(0H)D y nnopga, i ug KOHLEHTpaLlis He
3anexuTb Bif 3aralbHOMO MeXaHiaMmy, Lo perymioeTbes Kanblyi-
em. [TpoTe MexaHiav MeTaboniamy 1 nepeaavi siramiHy D, yepes

MnaLeHTy Ta Ta oro BB Ha TKaHWHW NaLEeHTW 4OCi 0CTAaTOMHO
He BcTaHoBneHo [19,20].

Y BENUKOMY PeTPOCMEKTUBHOMY KOTOPTHOMY OCHIMKEHHI,
wo 3ainchnmim Q. Zhang et al., BUSIBNEHO: nnoan marepis i3
HEAOCTaTHLOIO / AEILIMTHOIO KiflbKICTIO BiTaMiHy D, Ha paHHix
TepMiHax BariTHOCTI Mas 3MEHLLIEHi PO3MIpK TiM'st4Ka MOPIBHSHO
3 rPYNoio 3 AOCTATHLOI KirbKICTIO BiTaMiHy D, nif Yac BHYTPiLL-
HbOYTPOBHOrO PO3BUTKY. Y Till CaMili MaTEPUHCBKIA Tpyni pusmk
paHHbLOT 3aTPUMKM PO3BUTKY NNOAA TAKOX NiABULLEHUIA Ha 13 Y%
[21]. Tak camo aBTopu R. T. Judistiani et al. y npocnektnsHomy
LOCNIMKEHH] BUSIBUINM 3HAYYLL NO3WUTUBHI 3B'A3KM MiX PIBHAMY
BiTamiHy D, y mMaTepi B nepLuoMy TpumecTpi 3 GinapieTanbHum gj-
aMeTpoM Nofa B TPETbOMY TPUMECTPI Ta 06BOLOM XMBOTa [22].

MpeanKTOpU PO3BUTKY METaboAiuHOi XBOPO6U KICTOK Y HOBO-
HapoAXeHHX. [1epLui 3MiHW KiCTKOBOI LLIINbHOCTI MOXXHa BUSIBUTY
Y HEAOHOLLIEHNX HOBOHapomkeHnx. MeTtaboniyHa xBopoba
kicTok (MXK) HenoHOLEHWX — CKagHe CYnyTHE 3aXBOPHOBAHHS
y nepeayacHo HapomMKeHNX AiTel i3 H13bKO Barok. OCKinbku
OCHOBHa YacTVHa BHYTPILUIHLOYTPOBHOIO HAKOMMYEHHS! KanbLito
(Ca)idocdopy (P) BinbyBaeTHCA MPOTATOM TPETHOTO TPUMECTPY,
Garato 3 UMX AITEN MaloTb HeJoCTaTHI 3anack MiHeparnbHNX
PEeYOBUH [23].

MeTaboniyHe 3axBOpOBaHHS KICTOK XapakTepuayeTbest
3HWKEHHSIM MiHEPAIbHOMO BMICTY KICTKOBOI TKAQHWHM MOPIBHSHO
3 OUiKyBaHUM piBHEM ANs AUTUHK 3 BIZMOBIAHOK Macoio Tina
abo rectauiHum Bikom. Lie MOXHa BU3HAUNTU Yepes3 3MiHM
pe3yrsTatiB nabopaTopHUX | peHTreHOMOriYHMX gocnimkeHb [11].

Hakas MO3 Ykpainu Big 16.04.2022 p. Ne 650 Ta BignosiaHa
KniHiYHa HacTaHoBa Bu3HaYatoTb MXK (CMHOHIM — 0CTEONEHis HO-
BOHAPOMKEHNX), sIka XapaKTepu3yeTbCs HEMOBHOK MiHeparia-
LLieto 0CTeoia, Ik 3aXBOPOBaHHSI, LLIO MOXXe MaTy Nerkuii nepeoir
6e3 Oyab-KuX KIiHIYHUX CUMMTOMIB | MOXe ByTu aiarHoCTOBaHe
NuLLIe Ha OCHOBI BUSIBNEHHS ocTeoneHii [23,24]. OaHak y Aesikux
Bunagkax MXK moxe matv Tspkkmin nepebir, CynpoBomKyBaTucs
nepenomMamm KiCTok nif Yac pocTy HOBOHAPOIKEHMX, OCKINbKM
KMiHIYHi NposiBY L€l XBOpoOWM 3anexath Big CTyneHs AeMiHepa-
nisaviji. MXK y HeJOHOLLIEHWX JiTel MOXe MaTu KITiHiYHI 03HaKM
rinokanbLjiemii (HepeoBe 30ymMKEHHS, TETAHISA), MOXe CYnpoBO-
IKyBaTUCS KpaHiOTabeCcoM, PO3XOMKEHHSIM LUBIB Ha Yepeni,
BENMKMM po3mipom Tim'suka. Kpim Toro, MXK BusiBnsitoTh 3a
MHOXUHHAMMW MaTtonoriyHMMmn abo CMOHTaHHUMK Nepernomamu
pebep i JOBMMX KICTOK, L0 BM3Ha4atoTb ¥ 10 % HegoHOLIEeHWX
HOBOHAPOIKEHNX, @ TAKOX 3@ 3MEHLLEHHSM PYXOBOT aKTUBHOCTI
abo 6onem nig yac maHinynsuin [23,24].

MpeankTOpK Po3BUTKY MeTaboAiuHOi XBOPO6U KiCTOK Yy
HOBOHaPOAXXEHUX. [PyNM HACEeNEHHs, WO MaloTb HaNBMULLWIA
PU3nK PO3BUTKY METAbOMIYHIMX 3aXBOPHOBAHb KICTOK, BKIHOYAKOTb
HEJOHOLWEHMX LiTel, HEMOBMAT i3 HU3bKOK Macot Tina npu
HapOMKEHHI, 0COONMBO 3 AyXe HU3bKOK Macok abo Hag3eu-
YaNHO HM3bKOK Macok NpW HapOMKEHHI, @ TaKoX HEMOBRAT
i3 BHYTPILUHLOYTPOBHOK 3aTPUMKOK Po3BUTKY. [lo Li€i rpynu
TaKOX HamnexaTb HEMOBMSATA i3 CymyTHIMU 3aXBOPIOBAHHAMM,
LLIO YacTO NOB’AA3aHi 3 HEOHOLLIEHICTHO, SIK-OT CEMCUC, XOnecTas,
OpoHxonereHeBa A1cnnasis, HEKPOTUMHNIA EHTEPOKONTIT. BUCOKMIA
pr3unk po3suTky MXK mMatoTb Takox HEMOBNATA, SKi TPUBANWIA Yac
noTpebytoTb NOBHOTO NapeHTEPanbHOMO Xap4yBaHHS!, HAPOMKEHI
BiZ MaTepiB i3 3aXBOPIOBAHHAMM, NOB’S3aHUMM 3 BariTHICTIO
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(Npeeknamncisi, XopioaMHIOHIT, recTaLiiHuii fjabeT), a Takox
AiTW, HapompKeHi BiA MaTepis 3 fAediuutom BitamiHy D, [11,24].

MigTpumyBaTy piBHI KanbLito | hocopy B napeHTeparbHOMY
XapuyBaHHi CKIagHO Yepe3 0OMEXEHY PO3UMHHICTb | TemMnepa-
TypHy nabinbHicTb. Tomy aenoHyBaHHs Ca Ta Py paHHbOMY
HeoHaTanbHOMY nepiodi He Moxe Bignosigaty notpebam,
CMPUYMHEHNM BHYTPILLHEOYTPOOHOHO LUBUAKICTIO POCTY KICTOK,
HEJOHOLLIEHNX HEMOBIIAT [25,26].

HeratnBHWiA BNAMB Ha MiHepani3aLito KiCTKOBOI TKaHWUHU
Mae TpuBana WTy4Ha BEeHTUNALIS nereHb. Liel acnekT BUBHMnK
G. Torro-Ferrero et al., 30iNCHMBLUM paHLOMi30BaHE KOHTPOMLO-
BaHe JOCTIKEHHSI 3 BUKOPUCTAHHSIM FOMIMNKOBOI LUBWAKOCTI 3BYKY
(tibial-SOS) sik Mapkepa 300p0OB’a KicToK [27].

Pa3som 3 Tum, sk 3a3Hadatotb S. Kavurt et al., cknagHo Bu-
3HaunT, MXK € npuumHoto abo Hacnigkom XBopob, Lo YacTo
JiarHocTyTb Y nepeayacHo HapomKEHUX AiTel, Hanpuknag
OpoHxonereHeBoi aucnnagii. [ifcHo, 3 ogHoro Boky, nocTilHe
3aCTOCYBaHHS NMEBHUX NiKIB | TpMBana HepyXOMICTb Yepes Me-
XaHi4yHY BEHTUIALK0 MOXYTb OyTU NEpLUMM KPOKOM [0 3MiHM
BiOKNaf4eHHs MiHepaniB y KiCTKax, a 3 iHLWOro, — BracHe 3MiHa
MiHepanisaLlii Ta CTPYKTypy KICTOK MOXe BMIMBaTH Ha noaatnu-
BICTb IPYAHOI CTiHKM Ta YCKMNaAHIOBATM BiiNy4YeHHs NaLieHTiB Bif
LUTYYHOI BEHTURALT nereHb [28].

Wang J. et al. BCTaHOBWNK, LLO TaKi YMHHUKK, SIK Maca npu
HapomkeHHi MeHwwe Hix 1000 r, recTauiiHM BiK MEHLLE HixX 32
TWKHI, HAsIBHICTb CENTULEMIT, TPUBANICTb NapeHTepanbHOro xap-
4yBaHHSI, XonecTas i 3aTpyMKa BHYTPILLHLOYTPOOHOTO PO3BUTKY
MOXYTb MABULLATI PU3MK PO3BUTKY METABbOMHYHMX 3aXBOPHOBaHb
KICTOK Y HE[JOHOLLEHWX AiTen [26].

Mpobnema goctasky Ca, P i MikpoenemeHTiB s Bigbyaosu
KICTKOBOI CUCTEMM Y NepeavacHo HapOMKEeHWX AiTen 3anuia-
€TbCS BKpail akTyanbHoW. OgHak rpygHe BUrOLOBYBaHHS He
MOXe BiZnoBigaTv notpebam 3pocTaHHs HELOHOLLEHVX fiTel 3a
TEMNamu BHYTPILLHbOYTPOGHOTO po3BUTKY. YKiHoue MOMOKO Ans
HEOOHOLLEHNX AITEN MICTUTb HEJIOCTATHIO KiNbKICTb KarbLyito,
(ocehopy Ta BiTamiHy D,. KoHueHTpauis BiTamiHy D, y xiHo4omy
monoui ctaHoBuTb 25-50 MO/n, Wwo Bkpait HegoCTaTHLO Ans
niaTpUMKK piHs 25-rigpokcusitamity D, (25(0H)D) y cuposarui
KpoBi Ha piBHi NoHaa 20 Hr/MN Y HeQOHOLIEHUX HeMOoBNAT. Lien
AediunT BiTamiHy D, Npr3soauTh A0 rinokasnbLiemii, BTOPUHHOIO
rinepnaparnpeosy, Lo cnpudnHse docatypito [29,30].

[NosigomMnsnm, Wwo 55 % HEMOBMAT i3 HAA3BUYANHO HU3BKOKD
Macoto Tina npu HapomKkeHHi i 23 % HEMOBNAT i3 AyXe HU3bKOK
macoto Tina matoTb nposisn MXK. 3axeoproBaHicTb Ha MXK 'y He-
JOHOLLIEHWX iTel, siki nepebyBatoTb Ha rpyLHOMY BUrOAOBYBaHHi,
craHoBuTb 40 %, a B HEBOHOLLEHMX HEMOBTAT, Siki nepebyBaloTh Ha
LUTYYHOMY BUrOLI0BYBaHHI, — 16 %, OCKINbKM CyMILLIi LUTYYHO MOXYTb
OyT1 HacuyeHi HeoDXigHMMM MiHepanamu, Lo KOpUryKTb IXHIN
CKnag [0 ONTUMAIbHOTO, Ans 3pOCTaHHS HELOHOLLIEHUX AiTer [29].

3a pgaHmmm M. Dursun et al., a Takox A. Montaner Ramén,
yactora MXK craHosuna 24 % y HeQOHOLIEHUX 3 Macoio Tina
<1000 T, 7,6 % — y HegoHoLueHmx i3 Macoto Tina 1000-1500 r i
16,5 % Y Bciit koropri. [poTe B OCTaHHi POKM 3aXBOPHOBAHICTb
ameHwwmnacs 0o 10-20 % y HOBOHAPOMKEHMX i3 HU3BKOK MaCOH0
Tina 3aBAsKW paHHIN NigTPUMLI NapeHTepanbHOro XxapyyBaHHS,
a TakoX 3aBOSAKM PEryNspHOMY BUKOPUCTaHHIO 30aradyBavis
rpy4HoOro Monoka Ta cymiwent [31,32).

BioximiuHi 3miHM npu meTaboaiuHiin XBopobi KicTok. MeTa-
GoniyHi 3miHM npu MXK Bu3HavatoTb nig yac nabopatopHux
JocnimKeHb, LWo nepeabayatoTb BUMIpoBaHHs pisHiB Ca, P, IMTI
Ta NyxHoi occharasu (J1O) B cupoBaTtLi KPOB, @ TakoX BU3Ha-
yeHHs BMicTy Ca i Py cevi [33]. OuiHtoBaHHs Tinbky pisHs Ca B
CMpoBaTLLi KPOBI HE € HAAINHM IHCTPYMEHTOM CKPUHIHTY, OCKISbKM
HOBOHAPOMKEHI MOXYTb MIATPUMYBATU HOPMAsbHI 3HAYEHHS!
KanbLito, He3BaXarUM Ha ICTOTHI BTPATM KanbLiito B KicTKax. Kpim
TOro, Ha piBeHb Ca B cMpOBaTLji KPOBI TAaKOX MOXYTb BNIMBATM
iHWi po3nagu, sk-0T rinodocaremis [33].

linodpocchatemist (3HKEHHS PiBHA P 10 3HAYEHb HUXYE HX
4,5 Mr/gn) € ofHieto 3 ronoBHMX GIOXIMIYHMX 3MiH, LLIO XapakTep-
Hi ang MXK [10,11]. Ons giarHoctukn MXK rinogocdatemis €
03HaKow nopyLeHHs meTaboniamy Ca/P 3 yytrmsictio 100 %
i cneuudivnicTio 94 %, a piseHb J1® >900 MO/n y giarHocTuLi
MXK HepoHoLueHux aitei mae 100 % uytnmsictb i 70 % cneun-
iynicTb [10,11].

PesynbraTu gocnimkeHb nokasanu: piseHb J1O >500 MO/n i
piBeHb P 24,5 mr/gn cnig knacudikysatu sik nerkmin nepebir MXK,
a pieeHb J1® >500 MO/ i pieHb P <4,5 mr/gn Tpeba Bu3Havatm
K TsDKKY cpopmy MXK [31].

3MiHK KicTkOBOro mMetaboniamy mig 4ac rinogocgaremii
CYMPOBOMLKYHOTLCS 3HUKEHHAM BUBINbHEHHS MTT, W0 BRnuBae
Ha 30inbLueHHs peabcopbuii dhochaTia y HUPKOBKX KaHAmMbLSX.
BonHouac 3HukeHHs piBHs hocdhaTiB 6e3nocepeaHL0 CTUMYIIOE
CUHTE3 BiTaMiHy D, y HUPKOBUX KaHamnbLgsX i Cripusie BCMOKTY-
BaHHI0 Ca B kuLeyHuky. OTxe, aediunT docdartis, nopyLLyoym
GanaHc kanbLito, NPU3BOANUT A0 rinepKanbLiemii, rinepkanbLiypii
Ta HedppokanbLmHO3y [34].

[loci He BUSIBNEHO eanHMIA BioXiMiYHMIA MapKep, Lo AaB by
nigctasw piarHocTysat MXK. OfHak y cyqacHUX SOCTIHKEHHSX
nokasaHo, Lo nigsuweHHs MTIy nnasmi € i YyTnmBiLmMM, i cne-
LMdDIYHILLIMM NOKa3HUKOM Ans giarHocTukn MXK'y HelOHOLLIEHNX
aiten, Hix J1® [10].

Po3sutok MXK gocsirae niky Ha 4-8 TuxHi xuTTS, i TOMY
HEeJOHOLLEHMX AiTen cnif obcTexysati Ha 4—6 TWkHI MOCTHa-
TanbHOro nepiofy. BukopuctaHHs napameTpiB KOMMNIEKCHOMo
CkpuHiHry BmicTy Ca, P, J1® i [TTT y cvpoBaTLi KpoBi, a Takox
BM3HAYEHHS KaHanbLEeBoi peabcopbuii docdhatie facTb amory
XapaKTepu3yBaTu 3MiHM KICTKOBOrO MeTaboniamy y nepegyacHo
HapomxeHux fiteit. [ouinbHo noeaHyBaTy GioximMivHi LocnimpKeH-
HS 3 OLLiHIOBAHHSIM MiHEParbHOI LLMbHOCTI KICTKOBOI TKaHUHM
(MLLKT) 3a gonomoroto pagionoriyHoro 3o6paxeHHs [10,23].

OujiHIOBaHHA MiHEpaAbHOI LAbHOCTI KiCTKOBOI TKAHMHU Y
Aiter. Ockinbku TXKKi KniHivHi nposisu MXK 3a3B1yan BUSBNSIOTL
Mi3HO, AiarHOCTUKY JOKMIHIYHOI (hasn 3aXBOPHOBAHHS MOXHA
30iNCHUTI Winsixom ouiHioBaHHS MLLKT [35]. MLLKT BusHavatotb,
BUKOPUCTOBYHOYM Kiflbka METOZIB BidyarniaaLlii, ane »XofAeH i3 Hux
[0Ci He Jae 3MOrv oepXKaTu BiporiaHi AaHi OO 300POB’s KICTOK
Yy AiTen i HaBiTb y Aopocnux [36].

BuMiptoBaHHS KiCTKOBOI Macu 3anuwaetscs npeameTom
HayKOBWX [MCKYCii, axe AOCMIAHUKM YacTo OLiHIOBany ii 3a
ZJ0MOMOrot0 pisHIX MeTogiB. MpoTe NpoTsrom BaraTbox pokiB ABO-
EHEPTrETUYHY PEHTTeHiBCbKy abcopbuiomeTpito (JPA) BBaxatoTb
30M0TM CTaHOAPTOM Ans BUMIPIOBaHHS KICTKOBOI Macy, METoq
BMKOPUCTOBYKOTh i Mif Yac KIiHIYHMX 0OCTEXeEHb, | B AOCHIAHMX
poborax [37].
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Hespaxatoun Ha nepesaru TexHonorii, BUpoGHukn [PA
MatoTb OBMeXeHi KOHTPOIbHI 3Ha4eHHs, JOCTYMHI Ans nefia-
TPUYHOTO BUKOPUCTAHHS, @ ANs HEMOBMAT KOHTPOIbHI PiBHI He
BU3HAYeHiI. Y JOCnigHii ranysi Hemae KOHCEHCYCY LOAO Biano-
BiJHWX HOPMATMBHUX 3HAYeHb MiHEpanbHOrO BMICTY KiCTKOBOI
TKQHWHU HEMOBMSAT Yepes3 Pi3HWLI0 Y BiLli nepegyacHo Hapo-
[PKEHWUX HeMoBnAT [38].

3rigHo 3 pekomeHaaLieto MixxHapoaHOro ToBapuCTBa 3 KiiHiy-
Hoi aeHeutomeTpii (ISCD) 2019 poky, Anst CKPUHIHTY Ta AUHaMIY-
HOrO MOHITOPUHTY cTaHy MLLKT y HenoHOLLEHMX AiTel HanbinbLL
Oe3neyHnM i yHiBepcansHAM METOAOM € KinbKiCHI yNbTPa3ByKoBi
LOCTIDKEHHS. YNbTpa3ByKoBi 4EHCUTOMETPU BUKOPUCTOBYHOTL
€eTaroHHi negiaTpuyHi 6a3n gaHWX LUBWAKOCTI YNbTPa3sByKy Ans
CTaHOAPTM30BaHX LiNSHOK KICTKOBOI TKaHUHW Y HELOHOLLEHNX
LiTel pi3HUX rectauiHuX TepMiHiB HapomkeHHs. Lie fae amory
HaZiHO BM3Ha4aTV napameTpu AeqilnTy KiCTKOBOI TKaHWUHW Y
HEeZOHOLLIEHNX HOBOHAPOMKeHuX [24,39].

KinbkicHe ynbTpa3sByKkoBe AOCTIMKEHHS Aa€e iHhopMaLito Npo
MIKpOapXITEKTYpY KicTKM, KpiM AaHux wono MLUKT, sumiptotoun
yac, 3a SKUN YNbTPasBYKOBUIM CUrHaN NPOXOAUTb Yepes KicT-
KoBY TKaHuHy. Lle Yac nowmpeHHs Mk JBOMa nepeaaBayamu
Ta 4BOMa MpuiMadYamu yrnbTpasByKy, Lo € enemMeHTamm 30Haa
YNbTPa3BYKOBOTO AEHCUTOMETpA. Llei nokasHWK BUKOPUCTOBY-
I0Tb Ha NiACTaBi 3anaTeHTOBaAHOTO anropuTMy NS BU3HAYEHHS!
NPOXOMKEHHS LUBUAKOCTI ynbTpa3Byky (SOS) yepes KicTky Ta
BUMIPHOKOTB Y METpax 3a cekyHay (m/c) [36].

BumiptoanHs SOS oLjHIO0OTb Y cepefHboKBaApaTUYHOMY
BiZXMMNEHHI Big HopMmu (Z-6anax) Ans Biky, 3pOCTy Y AOPOCINX
[0 cTapii cTateBoro [03piBaHHs BignoBiaHO A0 6a3n JaHMx
YNTPa3BYKOBOTO MPUCTPOI0. Tak camo, sk i B iHTepnpeTaii APA
y AiTel, BUMIPIOBaHHS MeHLLE Hix -2 SD BU3HaYae NopyLLEHHS
30POB’ST KICTOK; OT0 OLiHIOKTb 51K «HI3bKIA MiHEPaTbHUI CTaTyC
KICTOK» LLOAI0 LiET aHTPONOMETPUYHOT 3MiHHOT [36,40].

BTim, BUKOpPUCTaHHA METOAY KiSIbKICHOMO YrbTpa3ByKOBOrO
JOCnimKeHHs Mae nesHi 0bmexeHHs. OkpeMi 4OCTiAHKM npunyc-
KatoTb, LLO PO3MIp KICTKM Ta MiCLIe BUMIPIOBAHHS TaKoX MOXYTb
BMAMBATM Ha TOMHICTb BUaHa4eHHs MLLKT, ocobnveo y aited,
AKi pocTyTb. LLle 0aMH YMHHKMK, SKWA BUKMWKAE CYMHIBM LLOAO
HaginHOCTI, — eanHe micue BumiptoBaHHa MLLUKT, sike moxe He
XapakTepuayBaTu CTaH iHWKX YacTuH ckeneTa [36]. Kpim Toro,
petepeHTHi 3HayeHHs HopManeHoi MLLKT e pigkicHumu B ne-
JiaTpuyHin nonynsuji, 0Co6nMBO y HOBOHAPOMKEHUX, | MOXYTb
BIOPI3HATICA 3aNEXHO Bif €THIYHOI rpynu. ToMy Aye BaXIIMBOK
€ cepTudikauis npuctpois [41].

BpaxoBytoun BCi 0OMEXEHHSI, HaBEEHI B HAyKOBIl NiTepa-
Typi, CTae 3p03yMino, L0 Lie METOZ KiNbKICHOI ybTpa3ByKoBOI
LEeHCUTOMETPIi Mae noTeHLUian SK iHCTPYMEHT novaTkoBOro
CKPUHIHTY Ans ineHTudikavji HoBoHapomkeHux i3 MXK, a Takox
[N$t OLHIOBaHHS HACTYMHOrO PO3BUTKY 300POB’S KICTOK, Y TOMY
YUCAi AN MOHITOPUHIY BiANOBIAI Ha nikyBaHHS [40].

OTxe, KinbKicHe ynbTpa3ByKoBe LOCMIMKEHHS Moxe OyTu
KOPVCHM A7l OLiHKOBAHHS! 300POB'S1 KICTOK Y HEMOBISAT, OCKINTbKM
Lie npocTa Ta be3neyHa y BUKOpUCTaHHI MeToauka 6e3 Bunpo-
MIHIOBaHHS 3 BUCOKO BigTBOPHOBAHICTHO. KpiM TOro, ii MOXHa
BUKopucToByBaTK pasom i3 [PA [40].

Mpodiraktuka miHepanbHOi XBOPo6M KicTok y aitent. podi-
naktuka MXK'y HelOHOLLEHWX [iTel Bigirpae BaxuBiLLy porb,

HiX NikyBaHHS, CNpsiMOBaHa Ha 3abe3neyeHHs afekBaTHoro no-
cravaHHs Ca ta P 4ns cnpusiHHg HopMaribHOMY PO3BUTKY KICTOK
[42]. Baxnu1Bo KOHTpOMOBATH AOLINBbHICTL TPUBANOMO Npu3Ha-
YeHHs NeTNbOBMX AiyPETUKIB, METUIKCAHTUHIB | ITTIOKOKOPTUKOIAIB
Y HELJOHOLLEHWX HOBOHApPOMKeHNX. HeobxigHoO BpaxoByBaTy, LU0
HEe[OHOLLEHi HEMOBMSITA MaloTb iHLLI NOTPebu B MiHepanax, Hix
[OHOLUEHI HOBOHAPOMXKeHi, AN LibOro AOLINIbHO ONTUMI3yBaTH
JieTy, npuainsym ocobnuy yBary CoxmsaHHo MiHepanis (Ca,
P)isitamity D, [16,33,42].

BigomocTi npoaHaniaoBaHux HayKoBMX [pKepen CBigyars, LWo
koHLUeHTpauis 25(0OH)D y HOBOHapOMKEHNX CTAHOBUTL BNN3bKO
80 % Bif KOHLEHTpALL y MaTepi, TOMy HEMOBNISITA, SiKi HAPOKEHI
matepamn 3 fediuuTom BiTamiHy D,, IMOBIPHO, TaKoX MakoTb
Aediumr sitamiHy D, [43].

PiBHi 25(0OH)D y HOBOHapOMKEHUX LIBUAKO 3HWKYIOTHCS,
OCKiNbK1 nepiog Moro HamiBpo3nagy CTaHoBUTb Grm3bko 21
AHSA, AKWO He posnoyaTi npuimanHs sitamivy D, ogpasy
nicnst noYarTKy eHTepasibHoro roaysaHs. Bitami D, mae Gyt
[OMOBaHWA y BariTHUX, 0COBNMBO B kpaiHax, Ae NOMPEHNN
voro aediumt [43].

CyyacHi LocigyKeHHs! MiATBEPMKYOTb AOUINBHICTb LWOAEHHOT
Ao31 800 MO sitamiHy D, 4ns HEMOBIAT BIKOM [0 32 TVXKHIB, AKi
nepebyBaroTb Y BiAAINEHHI iIHTEHCUBHOI Tepanii HOBOHAPOMKEHNX,
Lo crpusie nigsuLLeHHio piHS 25(0H)D yepes 4 TkHi, 36inb-
LUEHHIO LWiNbHOCTI KICTKOBOI TKAHWHM Ta MOKPALLEHHHO MiHINHOro
3pocTaHHst [43,44].

Bigowmo, Lo mig Yac eHTepanbHOro XapyyBaHHS BCMOKTY-
BaHHS ocdhopy 3 LLMYHKOBO-KMLLKOBOTO TPAKTY MOXe A0cAraTy
noHag 90 %. Tomy B nepLui TUXHI XMTTS HEQOHOLLEHUX AiTel
eHTeparnbHe XxapyyBaHHs 3abe3neyye edeKTVBHE 3aCBOEHHS!
CaiP[21,44].

BcraHoBneHo, Lo HeMOBNATA, SKUX rogyBani Tinbkv rpya-
HUM MOJIOKOM, Marm HUXYUiA piBeHb hocopy B CUPOBATL,
HiX Ti, IKUX rogyBanu creujanbHAMKM cymilammn abo npuimany
MiHepanbHi fobaBku [45]. EHTepanbHe rogyBaHHs B 0D'eMi
180-200 mn 3a foby He3bara4eHoro rpyaHOro MOoKa, AMOBIPHO,
3abe3nevytoTb e 1/3 pisHst Ca Ta P nig vac pocTy HEMOBNATH,
HesBaxatouu Ha Te, Lo auTuHa 3aceotoe 60 % kanbuito Ta 80 %
cocdhopy 3 rpyaHoro monoka. Tomy 3barayeHHst rpyaHoro Mo-
noKa 3anuLaeTbCs BaXMBIUM s 3abe3ne4eHHs afekBaTHoOro
CMOXMBaHHSA MiHepanbH1X peyoBuH [45,46].

ABTOpM HaHOBILUMX AOCTIDKEHb 3aYBAXYIOTh, LLIO A0AABAH-
HS (hocchaTiB HEOHOLLEHM HOBOHAPOMKEHNM € CTaHAAPTHAM
METOLOM iKyBaHHsi MeTaboniYHMX 3aXBOPIOBaHb KICTOK Y HEA0-
HOLUEHMX AaiTei [45,46].

BucHoBKM

1. MiHepanbHa WinbHICTb KICTKOBOI TKAHUHU — OCHOBHWA
BU3Ha4anbHUA (HaKTOP KPUXKOCTI KICTOK Y nofdarbLluoMy KUTT
NOANHN, WO MOYMHAE CTBOPHOBATUCS LUE BHYTPILLHBOYTPOGHO,
(POpMYETLCA B AUTUHCTBI Ta 3MIHIOETLCA Y pasi nepeayacHoro
HaPOMKEHHS.

2. Xoua siTamit D, € HaibirbL B1B4eHM Biomapkepom 06-
MiHY KiCTKOBOI TKQHWUHW N Yac BariTHOCTI, Cy4acHi LOCNimKeHHs!
aKLEHTYHTb Ha 3MiHax MeTaboniamy KiCTKOBOI TKaHWHM Yepes3
€HOOKPUHHI Ta METabOMIYH LLAAXM Y NIogiB.
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3. lNoka3aHo BaXMBICTb CKPUHIHTY Ta NpoinakTukm MeTa-
BOniYHMX NOPYLLEHb KICTOK Y HEAOHOLLEHUX AITEN i AOLIMbHICTb
HACTYMHUX JOCMIAXEHb i3 LbOro NUTaHHS ANns po3pobreHHs
YHichikoBaHUX NPOTOKONIB.
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[uncdyHKLio TpUKyCniganbHOro KnanaHa 3aBxauw BBaXarnu MeHLU KNiHIYHO BaXMBOLO, HX NaTOMOriio kKnanaHis
nisux BigAinis cepus. MopyLueHHs po6oTy TPUCTYMKOBOTO KnanaHa MOoXe Npu3BeCTV A0 CepLEeBOi ANCAYHKLT,
CMPUYMHNTM TSOKKI Ta HE3BOPOTHI YCKMAAHEHHS Y NaLiEHTIB, Ski B4ACHO He OTpUMany nikyBaHHs. [1oBTOpHI one-
pauii 3 npuBoAY HeAOCTaTHOCTI TPMKYCMIAANbHOrO KnanaHa — XipypriyHi npoLeaypy, Lo acoLliioBaHi 3 0cobnmeo
BMCOK/M Nepu- Ta nocTonepawiinium puankoM. OnTumanbHi TepMmiHv Ta cTparerii XipypriYHoro BTpyYaHHs npu
i30MbOBaHil HeLOCTATHOCTi TPUCTYMKOBOTO KranaHa 3anuakTbes CynepesnuBumm.

Merta pobotu — noninweHHs 6e3nocepenHix i BiffaneHux pesynsraria NikyBaHHS NaLieHTIB kapaioxXipypriyHoro
npodhinio LLUNSIXOM OLiHIOBaHHS epeKTUBHOCTI Ta BGe3ne4HOCTI onepallii 3 i30MboBaHOI NNACTUKW TPUKYCTiganb-
HOro KnanaHa Ha cepuj, Lo npaLtoe, Yepes NpaBoCTOPOHHIO NepeaHbOBOKOBY TOPAKOTOMIIO Mif Yac NOBTOPHOMO
BTPYYaHHS.

Martepiaau i meToau. 34iiCHEHO OLHOLEHTPOBE PETPOCTEKTUBHE 06CEpBAaLLiiHe AOCTIMKEHHS KNiHIYHUX AaHNX 12
navieHTiB, Siki nIepeHecn MOHoONepaLlito Ha TPUKyChigansHoMy KnanaHi y nepiof 3 ciyns 2022 poky fo 6epesHs
2024 poky. Bueuunun pesynstati onepaTBHOrO BTPYHYaHHS B NALJEHTIB 3 i30M1bOBAHOID aHYMAPHOIO MIACTUKOK
TPUCTYNKOBOTO KNanaHa Ha cepui, Lo npaLoe, Yepes NpaBoCTOPOHHI0 NepeaHb0BOKOBY TopakoToMito. InaHo-
BE ornepaTuBHe BTpyyYaHHs BikoHaHo y 100 % (n = 12) nauieHTiB. CepenHiit Bik navjieHTiB cTaHoBKB 68,8 + 2,2
poky. [lo gocnigpxeHHs sanyyeHo 9 (75 %) xiHok Ta 3 (25 %) vonosiku. 3ibpaHo AemorpadiyHi AaHi, pesynsratn
exokapgiorpadii, Xipypri4Horo BTpy4aHHs Ta rocnitaniaaii, a Takox 3a AaH1Mn MEANYHNX KapT NavieHTiB pos-
paxoBaHo EuroSCORE.

Pesyabtati. CTyniHb NicnsionepawinHoi perypritaLii TPUCTYNKOBOrO KnanaHa B pesdynbsratax KOHTPONbHOI eX0-
Kapaiorpadii 3Ha4HO 3HM3MBCS MOPIBHSHO 3i CTYNEHEM HeAOCTaTHOCTI Nepeq onepauieto. PiBeHb rocnitansHoi
netanbHocTi B nepLwi 30 AHiB nicns onepaii y rpyni gocnimxerHs craHosms 8,33 % (n = 1) Bunaakis. CepeaHs
TpUBanicTb NapanenbHoro LWTYy4YHOro kposoobiry ctaHosuna 63,3 + 8,6 xB, onepaTMBHOIO BTpyYaHHs — 271,67 +
22,20 xB, cepeaHs TpuBanicTb nicnsionepawiinHoi iHotponHoi nigTpumkm — 0,8 + 0,2 0obu; nepenuBaHHs Kom-
MOHEHTIB kpoBi Byno HeobxiaHe ogHomy nauieHTosi (8,33 %). MepebyBaHHs y BifAiNeHHi iHTEHCUBHOI Tepanii
nicnsa onepauii ctaHosuno 1,0 = 0,9 gobw, 3aranbHa TpuBanicTb rocnitanidadii — 4,30 + 1,72 nobu. Mokas-
HWKM HUpPKOBOI HepocTaTtHocTi, EuroSCORE, enisoan nopyLueHHs cepLeBoro putMmy i iHLi nicnsonepawiiHi
YCKNaAHEHHs ICTOTHO HUXYI, HXX Y pasi BUKOPUCTAHHS CTaHOAPTHUX XipypriYHUX TEXHIK, L0 ONWUCaHi B Cy4acHil
HayKOBIlt niTepatypi.

BucHOBKM. 130Mb0OBaHa nnacTuka TPUKYCNiganbHOro knanaHa Ha cepui, Lo npauloe, Yepe3 NpaBOCTOPOHHIO
nepeaHL060KOBY TOPaKOTOMItD — Ge3neyHa it echekTUBHA OnepaTUBHA ansTepHaTMBa B NaLEHTIB i3 NOBTOPHUM
BTPy4aHHsM. [paBoCTOPOHHS NepeaHbOBOKOBa TOPAKOTOMIS Mif Yac NOBTOPHOTO BTPYYaHHS Ha CEpLii Aae 3mory
30eperTu LinicHICTb KICTKOBOrO kapKkacy rpyavHU, YHUKHYTU TEXHIYHO CKNagHoi kapaionnerii Ta nepetuckaqHs
aopTy, 3anobirT NOLIKOMKEHHIO MaricTparnbHUX CYAWH i KOPOHAPHKX apTepi npu mobinisauii TMX uM iHLWMX
Bin4iNiB cepus, cepuesiit HegocTaTHOCTI. InacTuka TpUKycniganbHOro knanaHa Ha cepuj, Wo npauke, bae
3MOry [OCSIITI XOPOLLOrO KMiHIYHOTO pesynsTaTy B MawieHTiB 3 i301b0BaHOK TPUCTYNKOBOK HELOCTATHICTIO Mpu
peTenbHOMy BIfbOpI PecnoHAepiB NiA 3anponoHOBaHY METOAMKY i3 3aA0BINbHUMU TepMiHamu nepebyBaHHs y
BiAAINEHHI peaHimauii Ta iHTEHCMBHOI Tepanii, cTauioHapi, 6e3 iemiyHux Ta/abo penepdy3itHMX NOLWKOMKEHb
CepLA Ta 3i LIBMAKAM MOBEPHEHHSM 0 HOPMAIBHOI XUTTERIANBHOCTI. MokasaHHs [0 i30MbOBAHOTO ONepaTUBHOTO
BTPYYaHHs Ha TPUKyCMiganbHOMY KranaHi MatoTb IPYHTYBaTUCS Ha JOCTOBIPHUX exokapaiorpadiuHnx napameTpax
poboTn npaBux BiggiNiB cepus.
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Isolated “on-pump” tricuspid valve repair through right-sided anterolateral
thoracotomy by modified femoral-monocaval cannulation in patients with repeated
heart intervention - a safe and effective surgical alternative

V. V. Osaulenko, V. 0. Hubka, K. 0. Chmul, R. |. Budahov

Tricuspid valve dysfunction has always been considered less clinically important than left heart valve disease.
Disruption of the tricuspid valve can lead to cardiac dysfunction, causing severe and irreversible complications
in patients if not treated in time. Reoperations for tricuspid valve insufficiency are surgical procedures associated
with particularly high peri- and postoperative risk. The optimal timing and strategies for surgical intervention in
isolated tricuspid valve insufficiency remain controversial.

Aim. Improving the immediate and long-term outcomes of patients with a cardiac surgical profile by evaluating
the efficacy and safety of isolated tricuspid valve repair on the working heart by right anterolateral thoracotomy
with reintervention.

Materials and methods. A single-center retrospective observational study of the clinical data of 12 patients who
underwent tricuspid valve monosurgery between January 2022 and March 2024 was conducted. We evaluated
the results of surgery in patients with isolated tricuspid valve annuloplasty on a working heart through a right
anterolateral thoracotomy. Planned surgery was performed in 100 % (n = 12) of patients. The average age of the
patients was 68.8 + 2.2 years. Patients were divided by sex as follows: women—75 % (n =9), men—25 % (n = 3).
We collected demographic data of the patients, results of echocardiography, surgical intervention, hospitalization,
and EuroSCORE was calculated based on patient medical records.

Results. The degree of postoperative regurgitation of the tricuspid valve according to the results of control echocar-
diography significantly decreased compared to the degree of insufficiency before surgery. The level of in-hospital
mortality in the first 30 days after surgery in the studied group was 8.33 % (n = 1) of cases. The average duration
of parallel artificial circulation was 63.3 + 8.6 min, surgical intervention lasted 271.67 + 22.20 min, the average
duration of postoperative inotropic support was 0.8 + 0.2 days, transfusion of blood components was required
in 8.33 % (n = 1) of cases, stay in the intensive care unit after surgery was 1.0 £ 0.9 days, the total duration of
hospitalization was 4.30 + 1.72 days. Indicators of renal failure, EuroSCORE, episodes of cardiac arrhythmias,
and other postoperative complications were significantly lower than with standard surgical techniques described
in the current scientific literature.

Conclusions. Isolated tricuspid valve repair on the working heart through right anterolateral thoracotomy is a safe
and effective surgical alternative in patients with reoperation. The use of right-sided anterolateral thoracotomy during
repeated cardiac surgery allows preserving the integrity of the bone frame, avoiding technically difficult cardioplegia
and aortic clamping, preventing damage to the main vessels and coronary arteries when mobilizing certain parts of
the heart, and heart failure. Carrying out tricuspid valve plastic surgery on a working heart allows to achieve a good
clinical result in patients with isolated tricuspid insufficiency at careful selection of the responders for the proposed
technique with satisfactory terms of stay in the intensive care unit and in the hospital, the absence of ischemic and/
or reperfusion damage to the heart, and a quick return to normal life activities. Indications for isolated surgery on the
tricuspid valve should be based on reliable echocardiographic parameters of the right heart function.

Modern medical technology. 2024,16(3):235-242

Bigomo, LL10 peonepatiBHa Xipypris Ha kKnanaHax cknagHitua,
MoB’'si3aHa 3 MiABMLLEHOK 3aXBOPIOBAHICTIO Ta NeTanbHicTio [1].
JOucdyHkuito TpukyenigansHoro knanaHa (TK) saexau BBaxany
MEHLL KMiHIYHO BaX/IMBOIO, HiX NATOMNorito MiTpansHoro abo
aopTanbHOro knanaie. ToMy i30Mb0BaHy onepaLito Ha HboMy
BWKOHYHOTb J0BOMI PiAKO [2]. MopyLueHHs poboTh TPUCTYNKOBOrO
KrnanaHa MoXe Npu3BECTM [0 CepLEeBOi ANCHYHKLT, CTIPUYUHITY
TSOKKI Ta HE3BOPOTHI YCKNaAHEHHs y NauieHTiB, siKi BYacHO He
OTpUMasu nikyBaHHs [3].

Evionorito aucdyHkuii TK Bu3HauatoTb nepenycim sk nep-
BWHHY HEAOCTaTHICTb Ta/abo CTEHO3 i BTOPUHHY i30/1bOBaHY
perypriTaLlito TPUCTYIKOBOIO KranaHa nicns nonepeaHix onepavin
Ha cepLli, Hacamnepes Yepes poanaaw ioro niBux Biaainie [4,5].
Mig yac HanpaBneHHs Ans XipyprivHOro BTpyYaHHs bararo 3 umx
naujeHTiB yxe nepebyBatoTb y MoraHOMy KIiHIYHOMY CTaHi Ta
MaloTb MPOrPECUBHII (hyHKLiOHaNbHMI Knac Hbko-Mopkebkoi
acoujauii cepus (New York Heart Association, NYHA) [6]. MosTop-
Hi onepaLlii 3 npueoay HegoctatHocTi TK— xipypriuHi npoueaypy,

acouiioaHi 3 0cobNMBO BUCOKUM NEPK- Ta NoCcTonepaLinHum
puaukom (Marxe 37 % rocnitanbHoi netansHocTi) [7].

[NoBHa NOB3AOBXHS CEpeanHHA CTEPHOTOMIS — CTaHAAPTHUIA
[OCTYN Ans NOBTOPHUX BTpyYaHb Ha cepui [8]. TpapuuiiHa i3o-
NbOBaHa orepaLlist Ha TPUKyCMiganbHOMY KranaHi i3 CepeanHHo0
CTEPHOTOMIEI0 Ta CTpaTerield 3yNMMHEHOTO CepLst MOXE Cnpu-
YMHWUTU CKMNagHi nmicnsionepawiiHi yCKknagHeHHs, sK-0T iLeMmito
Miokapga Ta 3HauHy kposoTedy [9]. OcTaHHiMK pokamm cTana
GinbLU MOLWIMPEHOO OnepaLyist 3 i301bOBAHOTO BTPYYaHHs Ha TK 3
[OCTYMOM Yepes NPaBOCTOPOHHIO NepenHbOBOKOBY TOPAKOTOMIO
Ha cepuj, Lo npaLytoe, 6e3 nepetnckanHs aoptu [10]. Ons xipyprii
TPUKyCMiZanbHOro KnanaHa Lie Aae 3MOry YHUKHYTU PU3uKy mo-
LUKOPKEHHS NpaBuMX BifAiniB cepus nig Yac BUKOHaHHS JOCTYny
3 OIMsAy Ha MOXIMBE TiCHE NPUNSraHHs MPABOTO LUMYHOUKA A0
rPYyavHM, 36eperTut LiniCHICTb pO3LUMPEHOTO NPABOrO LUMYHOYKA,
3MEHLLY€E NOLLY NOTEHLAHMX MiCLb KpoBOTeui [8].

XipypriuHe BTpyYaHHsi B NaLieHTIB i3 hyHKLiOHaNbHAM Nopy-
LWeHHsM TK BUKOHYIOTb LUNSXOM TPUKYCTigansHoI aHynonnac-
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TuKK [11]. I30nbOBaHe XipypriyHe BTpyYaHHS Ha TPUCTYNKOBOMY
KranaHi 3a3Buyail BUKOHYOTb, BUKOPUCTOBYHOYM anapar LUTY4YHO-
ro kpoBoobiry (3ynuHeHe cepLie), abo 6e3 nepeTnckaHHs aopTu
(Ha cepui, Wwo npavoe) [12].

Kpim Takoro nporpecy onepatuBHUX TEXHIK, Xipypris KnanaH-
HWX 3aXBOPOBaHb Ha CepLj, O NpaLioe, BUKMMKAE HayKOBUIA
iHTEpec ans Garatbox crnewianicTiB, OCKINbKM BOHW OYiKYHOTb
KpaLLIoro 3axmCTy cepus Bif iLuemii Ta/abo penepdysiiHoro yLu-
KomkeHHs1. BTim, cTparteris cepus, Lo npawtoe, TEXHIYHO CKnaj-
Hila Ta acouiioBaHa 3 BinbLLOK YaCTOTOK TPOMOOEMOOMIHHIX
nogin [13,14]. MNoTeHuiini nepesaru «on-pumpy» Xxipyprii nepes
onepawisMn i3 3ynuHEHUM CepLieM BCe LUe € CynepeyunuBumm
Ans BinbLIOCTi XipypriB.

Merta poboTu

MoninweHHs 6e3nocepenHix i BigdaneHWx pesynbrartiB
niKyBaHHS NaLieHTiB KapaioXipypriYHOro npodhinio LASXOM OLi-
HIOBaHHs €peKTUBHOCTI Ta 6e3neYHOCTI onepaLii 3 i30MboBaHoi
MAacTUK/ TPUKYCMIZAbHOrO KrnamnaHa Ha Cepli, WO npautoe,
Yepes3 NPaBOCTOPOHHIO NepenHLOB0KOBY TOPAKOTOMIKO Nif Yac
MOBTOPHOTO BTPYYaHHS.

Martepiaaun i meToAU AOCAIAKEHHSA

3pincHUNM OOHOLEHTPOBE LOCHIMKEHHS, MPOTArOM SKOro
BMBYaNY KNiHiYHWIA AOCBIA WOA0 edheKTUBHOCTI Ta 6e3neYHoCTi
onepaLiji 3 i3onboBaHoi nnacTuky TK Ha cepui, Lo npaLtoe, Yepes
MPaBOCTOPOHHIO NepeaHbO00KOBY TOPAKOTOMILO.

3 ciung 2022 poky fo 6epesHs 2024 poky y BigaineHHi kap-
gpioxipyprii KHIM «3anopisbka obnacHa kniHivHa nikapHs» 30P
BUKOHanu 42 onepaTtuBHi BTPy4aHHS Ha TPUCTYNKOBOMY KnanaHi.
3AiNCHUNM OBHOLEHTPOBWIA PETPOCMEKTUBHUI 06CEpBALliNHMIA
aHani3 gaHux 12 nauieHTis, SKi nepeHecnu i3onbLoBaHy onepa-
uito Ha TK. [Jo3gin Ha nybnikaLito MaTepianis HagaHo ETu4Hm
KOMITETOM NiKapHi.

3 AoKyMeHTaLi, eNEKTPOHHNX MEANYHUX KapT nalieHTiB
3ibpanu " npoaHanisyBanu Taki aHi: pesynstatu exokapaio-
rpachiyHOro JOCNIMKEHHS A0 Ta nicns onepauii, pesynsraTy
XipypriYyHoro BTpyYaHHs, 3ararnbHy TpuBanicTb rocnitanisadii,
TpuBanicTb nepebyBaHHs Y BiAAINEHHI iHTEHCUBHOI Tepanii, paH-
HI0 rocniTanbHy netanbHicT npotsarom 30 gHIB micns onepauii,
[JaHi Lwopo nicnsionepauinHux ycknagaHeHb. Kpim Toro, 3a JaHnMu
MeanYHNX kapT nauieHTis pospaxosaHo EuroSCORE (European
System for Cardiac Operative Risk Evaluation).

[MpaBOCTOPOHHIO NEPeAHLO60KOBY TOPAKOTOMItO NaLieHTam
BWKOHAmNW TiflbkW B pasi MOBTOPHOMO OMEpPaTMBHOTO BTPYYaHHS
Ha cepLi. BigHOBNEHHS CNPOMOXHOCTI TPUCTYNKOBOIO Knanaxa
LUNSXOM MACTUKM i3 BBEAEHHSM OMOPHOIO KirbLiS BU3HAYMIM
SK onTMManbHy XipypriyHy npoueaypy, ii BukoHanm y 100 %
(n =12) Bunagkis.

KoHTponb gaHux: Hagani CnocTepexeHHsl 3AicHIoBanu
LUNSAXOM Tened)OHHOro 3B'A3Ky 3 NauieHTamm, YneHamu ixHix
poaunH abo nikapsiMm 3ararnbHOi NPaKTUKI 32 MICLIEM NPOXMBAHHSI.

lMepenonepaLliiHi XxapakTepPUCTUKM NaLieHTiB HaBEAEHO B
mabnuui 1. CepepHiv Bik xBopux cTaHoBMB 68,8 + 2,2 poky. Pos-
nogin nauieHTiB 3anexHo Bia cTari: 25 % (n = 3) —vonoBiku; 75 %

Tabaunuga 1. BuxiaHi nepeponepaLiiHi aaHi naujextis, n = 12

Moka3HuK, oANHUL BUMIpIOBaHHSA Pesynerar
Bik, poku 68,8122
Yonosiya ctatb, % (n) 25(3)
Kinoua cratb, % (n) 75(9)
Knac NYHA
I, % (n) 83,33 (10)
IV, % (n) 16,67 (2)
CepueBuii puTm
Cunycosuit, % (n) 33,33 (4)
Oibpunsuis nepencepab, % (n) 25 (3)
TpinotiHHs nepeacepab, % (n) 8,33 (1)
LLTyyHmi Bogin putmy cepust, % (n) 33,33 (4)
lMnaHoea rocnitanisauis, % (n) 100 (12)
lMonepenHe BTpy4aHHs Ha cepui, % (n) 100 (12)
AopTO-KOpPOHapHe LLUYHTyBaHHS, % (n) 8,33 (1)
nacTtvka / npoTe3yBaHHS MITPanbHOMO 25 (3)
knanawa, % (n)
Onepauis Ha aopTansHOMy KnanaHi, 8,33 (1)
% (n)
Xipyprist MiTpanbHOro Ta aopTansbHoro 16,67 (2)
knanais, % (n)
IMNnaHTaLis LUTY4YHOro BOAiS CEepLEBOro 16,67 (2)
putmy, % (n)
AOpPTOKOPOHAPHE LLYHTYBaHHSA + NpoTe3y- 16,67 (2)
BaHHS aopTarbHoro knanaxa, % (n)
Xipypris TK, % (n) 8,33 (1)
XpoHiuHe 0BCTPYKTUBHE 3aXBOPIOBaHHS 75(9)
nerexb, % (n)
Llykposuii giabet, % (n) 16,67 (2)
HwvipkoBa HegocTarTHicTb*, % (n) 8,33 (1)
Jlerenesa rinepteHsis™, % (n) 100 (12)
MepudbepnyHi Habpsku, % (n) 66,67 (8)
ApTepianbHa rineptenais, % (n) 83,33 (10)
DOucninigemis, % (n) 50 (6)
®pakuig BuKuZy NiBOro LUMYHOuKa, 59,8
% (n)
CryniHb HegocTaTHocTi TK 3
lMepenHb0b0KoBa TOpakoToMis, % (n) 100 (12)
EuroScore 11,2
Erionorisa
BropuHHa HepeBmaTtiyHa TpukycnigansHa | 100 (12)
HepocTaTHicTb, % (n)

*1 cupoBaTkoBUiA kpeaTuHiH >200 MMonb/n abo Ha nporpamMHOMy remopianiai;
**1 CUCTONIYHWIA TUCK NereHeBoi apTepii >40 MM pT. CT.
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Puc. 1. MNiakAtoUEHHSA anapata LUTYYHOro KPpoBOoobiry 3 AOCTYNOM AO CyAMHHO-HEPBOBOTO Nyyka Ha cterHi. CFA: common femoral artery -
3aranbHa cTerHosa aprepis; CFV: common femoral vein - 3aranbHa CTErHOBa BEHa.

Puc. 2. IMnAaHTOBaHE KinbLe TPUCTYAKOBOIO KAanaHa Yepes npaBoCTOPOHHIO aHTepOAaTEPAALHY TOPAKOTOMIKO 3 YHIKaBaAbHOK) KAHIOAALLEHO.
RA: right atrium - npaBe nepeacepas; SVC: superior vena cava - BEPXHSA MOPOXHKCTA BEHa.

Tabaunuga 2. MepeponepalitHi exokapaiorpadiuHi aai, Me [Q1; Q3],
n=12

Moka3HuK, 0AUHULI BUMipIOBaHHS Pesynbrar
®BJLU 3a Simphson, % 59,8 [56,0; 66,0]
Tsxka TpukycnigansHa perypritavis 9(10,0)

Po3amip ibpoaHoro kinbugs TK, Mm 42,4 [40,0; 45,0]

IHoekc 06’eMy npaBoro nepeacepas, Mn/m? 58,5 [50,0; 65,0]

TAPSE, Mm 16,7 [12,0; 23,0]

LUsnakicTb perypritauii, m/c 3,7 [2,46; 4,45]

pagieHT perypritauii, MM pT. CT. 54,2 [24,0; 79,0]

ePASP, mm pr. cT. 65,7 [39,0; 84,0]

[liameTp HKHBOT MOPOXHUCTOI BEHW, MM 22,7[19,0; 26,0]

TAPSE: cucToniyHa ekckypcisi OLLMHI TPUKYCTIAANBHOTO KinbLis;
ePASP: po3paxyHKOBWIA CUCTOMIYHMIA TUCK NEreHeBOi apTepii.

(n'=9)—xiHku. Mpr4mHa i30rbOBaHOI perypritaLlii TPUCTYIKOBOrO
KranaHa B yCix nauieHTiB — BTOpMHHA HEpPEBMaTNYHa HeJocTar-
HicTb. CepeqHiit nepenonepaLiiHmin norictuyHmin EuroSCORE
y rpyni ctaHosms 11,2 6ana.

Y mabnuui 2 HaBegeHo nepeaonepadinti exokapaiorpadivHi
MOKa3HWKM NaLEHTIB i3 rpyni JOCTIKEHHS.

BcraHoBunu, WO MeaiaHa dhpakuii BUKY NiBOTO LUYHOUKa
(®BJILW) cTaHoBMNa 59,8 % [56,0; 66,0], i 11 (91,67 %) navieHTis
Manw TSXKY TpUKycnigansHy perypritaviio. [0rnoBHWI KpuTepin,
3a SKUM BU3Ha4armM HeoOXiBHICTb OMepaTWBHOTO BTPYYaHHs!, —
MOKa3HUK CUCTONIYHOT EKCKYPCIT NNOLLMHM TPUKYyCnifanbHOro
KinbLs. Akwo napameTp TAPSE ctaHoBMB <16, pekoMeHa0BaHo
KOHCepBaTMBHY KapAioTpOornHy Tepanito. AKLLO He BUSBRAMW no-
3UTWBHOI AMHAMIKM Ta MOKPALLEHHS LibOro exokapaiorpad)ivyHoro
napameTpa, onepaTuBHE BTPyYaHHS NPOTUNOKa3aHe.

CTaTMCTMYHO OTpWMMaHIi AaHi onpauBanu, 3acTocy-
BaBLM nporpamy Statistica for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). MokasHwkm, Lo He Bianosigany
3aKOHYy HOpPMarnbHOro Po3noginy, OUiHOBaNK 3a KpUTepiem
KonmoropoBa-CmupHOBa, HaBeaeHi sik meaiaHa (Me), HuxkHil
i BepxHin keapTuni — 25 % (LQ) i 75 % (UQ). AxicHi o3Hakw
HaBeAeHO K Tabnuui CnpsxxeHoCTi «2 X 2». [N NOPIBHAHHS
AKICHUX 03HaK — NOpPsAKOBUX abo HOMiIHANMbHUX — 3aCTOCYBa-
nu kputepin diwepa. BiporigHicTb BiAMIHHOCTEN — Ha PiBHI
p <0,05.

XipypriuHa TexHika, aHecTe3ifl Ta WITYYHUI napaneAbHUN
KpoBoo6ir. HeaBaxxatoun Ha Te, WO METOAU ManoiHBa3BHOI
xipyprii TK Bxe onucaHi, y HaLloMy LieHTpi BOHU AELLO Biapis-
HatoTbes. [icns iHgyKuii aHecTesii Ta iHTybauii 3a 4ONOMOrok
eHOoTpaxearnbHoi TpyOKM 3 NOABIHMM NPOCBITOM aHECTEe3ioNor
YCiM naLlieHTam perynsipHo NpoBOAMB TpaHce3odareanbsHy exo-
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kapgiorpacito (TEE). [NoTim naLlieHTiB krnanu Ha CivHy 3 NigHATUM
npaBuM nnevoBum nosicom Ha 30°. [Micns Lboro ABa pyrnoHu 3
CMNIKOHOBOTO refto NEPeXPeCHO Po3MiLLLanH Mig NpaBoto nonart-
Koto, LWLOB AOCArTM KpaLloi Bidyanidaulii MixpebepHux npomikkis
npaBoi GiYHOI CTiHKM rPYAHOT KMITKM.

Y HaLwii KniHiLi napanenbHni LWTYYHWiA KPOBOOBIr 3AiCHI0-
Banu 3 BUKOPWCTaHHAM JOCTYNy 4O CyAWHHO-HEPBOBOTO Myyka
Ha cTerHi. Kocuit po3pia 3a3eiyar pobunu y npasiit NaxBUHHiNA
JinsHuj, o6 BidyanisyBaTu CTErHOBY apTepito Ta BeHy Ans Xi-
pypriuHoi kaHtonavii. BukopucTosytoun metoauky CenguHrepa,
BW3HAYMBLLM PO3MIPW Ta MPOXIAHICTb CyaWH 3a pesynsratamu
MYynbTUCTpanbHOT KOMMoTEPHOT ToMorpadii-aHriorpadii, crer-
HOBY apTEpito KaHI0MoBaM 3a LOMOMOrOK apTepiarnbHOI KaHtoni
Bin 16 Fr no 20 Fr (Edwards Lifesciences® abo Medtronic®, CLLA)
3arexHo Bif fliameTpa CTErHOBOI apTepii Ta NIoLLL NOBEPXHi TiNna,
a CTETHOBY BEHY KaHHOMoBanM 3a AOMOMOIOK BEHO3HOI KaHtoni
Bin 24 Fr no 28 Fr (Medtronic®, CLLUA) (puc. 1).

TEE BUMKOHYBanu ans nigTBepaXeHHS 3af0BifbHOMO
PO3MILLEHHSA KiHYMKA CTErHOBOI BEHO3HOI KaHtoni, Wo mana
PO3TaLLOBYBaTUCS TinbkW Binst 3'€gHaHHS NPaBoro Nepeacepast
(M) Ta HWKHBOT MOPOXHMCTOT BeHW. Hag m'atum Mixpebep’sm
3nircHioBanu 10-caHTUMETPOBY NepeaHLOBOKOBY TOPAKOTOMItD
cnpaga. licnsa goctyny B M'ATUi MixkpebepHuin NpocTip NPoBo-
JWNV OfHONEreHeBY BEHTUNSALLiHO 3 BUKMIOYEHHSIM NPaBOI NereHi;
MM ineHTUdIKOBAHO LUMSXOM HATUCKAHHSA Ha CTIHKY AOBMMM
LLMNILAMM,

TkaHuHM Nepukapda i nepeacepas, K NpaBuno, LWinbHO
CnasHi B pesynsrati nonepegHix onepauin. Tomy nepukapa
po3TUHaMM He 3 NpaBoro nepeacepas, a besnocepeaHso, nicns
MiHIManbHOT AnCeKLIT cnaiok. MNapanensHo BUAINSANN 1 KaHomto-
Banu BEPXHIO NOPOXHUCTY BeHy. [licns noyatky napanensHoro
LUTY4YHOrO KpoBOOBiry 3 HOPMOTEPMIELD (TeMnepaTypa B HOCO-
rnotyi — 35-37 °C, WwBuaKicTb NoToky — 2,5 n/xe/M?) cepepHi
CWCTEMHUI TUCK NiATPUMYBanu Ha pisHi 80-90 mm pr. cT.

Bisyanisysaswuu nopoxHuny MMM nicns atpiotomii, nigtpu-
MyBanu 6anaHc MiX apTepianbHAM NPUNANBOM i BEHO3HUM
JpeHaxeM, [0LATKOBO BUKOPKCTaMM KOPOHAPHI acmiparopu; y
pesyneTati TPUCTYNKOBUIA KranaH JOCTYNHUIA AN MaHinynsLii,
a i30Mb0OBaHy NMacTuKy i3 BBEAEHHSAM OMOPHOTO KinblLs (mone-
peaHbO OLHUMM PO3MIp, BUKOPUCTOBYHOUM Can3epy BignoBiaHOrO
BMPOOHMKA) 30iNCHWMM Ha CEPL, LLO NPaLOE, 3 AOCTaTHIM Nnonem
3opy (puc. 2).

MavieHTiB Tpumanu y nonoxeHHi TpeHgeneHbypra ans 3a-
nobiraHHs NOBITPSHIN emboril.

Pe3yabtatin

Pesynkratv onepaTtiBHUX BTPyYaHb 3 aHyrnonnikawii Tpuctyn-
KOBOrO KnanaHa HaBefeHo B mabnuui 3.

CepenHs TpMBanicTb OnepaTMBHOMO BTPYYaHHS CTaHOBWNA
271,67 £ 22,20 XBUMWHK, TPUBAMICTb NapanenbHOro LTYYHOro
kpoBoobiry — 63,30 + 8,60 xBunmHM. HeobxigHicTb iHOTpOMHOI
MiSTPUMKM HE3HaYHUMK Jo3amm BuHKKna y 50 % (n = 6) navien-
TiB. Y BCiX NaLjeHTiB onepaito 3aiNcHUNM Ha hOHI HOPMOTEPMIT.
[HTpaonepaLiiHO BUKOHANM HOPMOBOMEMIYHY ayTOreMOAWMHOLL,
ToMy nvwe oguH (8,33 %) nauieHT notpebyBaB nepenuBaHHs
KpOBi, (paKTOpiB 3ropTaHHs KPOBi.

Tabaunuga 3. MepionepadiiHi paHi, n = 12

Moka3HuK, 0AUHULI BUMipIOBaHHS Pesynbrar

Plancore 30 — 16,67 % (2)
Rigid 28 — 66,67 % (8)
Rigid 30 - 8,33 % (1)

Planix 28 - 8,33 % (1)

Posmip imnnaHToBaHoOrO
OMopHoro Kinbug, % (n)

TpwBanictb onepalii, x8 271,67 £22,2
TpwBanicTb NapanensHoro LUTYYHOro 63,3+8,6
kpoBoobiry, XB

IHoTponHa migTpumka, % (n) 50 (6)
Temneparypa, °C 36,4

HeobxigHicTb y nepenueaHHi eputpouu- | 8,33 (1)
TiB, % (n)

HeobxigHiCTb y nepenuBaHHi
CBIX03aMOpOXeHoi Nnasmu, % (n)

8,33 (1)

Tabaunuga 4. NicrsonepalliiHi exokapaiorpadiuHi NOKasHUKK,
Me [Q1;Q3],n=12

lMoka3HuK, oAUHUL BUMipIOBaHHSA Pesynertar
®BJLU 3a Simphson 64,3 [58,0; 67,0]
3anuwukosa TpuKycnigansHa perypritauis 1

LUBuakicTb perypritauii, m/c 3,30 [2,33; 4,10]
lpagieHT perypritalii, MM pT. CT. 45,2 [23,0; 66,0]
IHgekc 06’emy MM, mn/m? 39,3[28,0; 50,0]
ePASP, mm pr. cT. 49,4 130,0; 71,0]
[liameTp HKHBOT MOPOXHWCTOI BEHW, MM 17,6 [14,0; 21,0]

PesynbraTi npoTokoniB exokapgiockonii nawieHTiB nicns iso-
NbOBAHOTO ONEPaTUBHOTO BTPYYaHHS HA TPUCTYMKOBOMY KrlanaHi
HaBefeHo B mabnuuyj 4.

3a exokapgiorpahiyHuMmM NMoKasHUKamMu BUSBUIM NOKpa-
LLeHHs chyHKLii poboTK cepua y nicnsionepaLliHomy nepiogi. Lie
KOpentoBaro 3 perpecom KniHiYHOT CUMMTOMATUKM: 3HUKHEHHSAM
3ayXu, BIACYTHICTIO NepudepuyHNX Habpsiki, Hopmanisadieto
TONEPaHTHOCTI A0 (i3MYHOrO HaBaHTaxeHHs. MegiaHa OBJILL
craHoBuna 64,3 % [58,0; 67,0]. B okpemux naLieHTiB BUSBMEHO
3anuLKoBY perypritauito Ha knanai (Big MiHiMansHoi go 1 cTy-
neHst). SHVKEHHS MediaHu LUBWAKOCTI perypriTavii Ta rpagieHTa
perypriTawii, a Takox ingekcy 06’emy M1 caiguunnu npo po3saxTa-
eHHsi i BnacHe M1, i npaBoro LwnyHouka. 3Baxaroum Ha HelocTo-
BIPHICTb MOKa3HMKa Yepe3 0OMEKEHHS! eKCKYPCii naTepanbHoro
hibpoaHoro KinbLs BHAcMigok aHynonnikallii, napametpu TAPSE
y nicnsionepaLiiHoMy nepiogi He obpaxoByBarny.

[NicnsionepaLinHi ycknagHeHHs, Wo 3adhikCoBaHi B NaLjieHTiB
i3 pynun JOCnigpKeHHs, HaBeaeHo B mabnuyi 5.

)KogeH naujieHT He noTpebyBaB NOBTOPHOI CTEPHOTOMIi
yepes nicnsionepadinHy kpoeotedy. He 3adikcoBaHi Bunagkm
aTpioBeHTpuKyNsipHoi 6rokaam Il ctynexs, wo notpebysano 6
iMANaHTaLji WTYy4YHOro BOZiS CepLieBoro puTtMy B nicnsionepa-
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Tabaunuga 5. MNicAsonepallifHi yckAaAHeHHs, n = 12

Moka3HuK, 0AUHULI BUMipIOBaHHS Pesynbrar
[Micnsionepauiki HeBponoriyHi nogii, % (n) 16,67 (2)
HupkoBa HeoCTaTHICTb, L0 BMepLUe BUHMKNA 8,33 (1)
Ta/abo notpebysana remogianiay, % (n)

HeobxigHicTb y 6anoHi koHTpanynbcalii, % (n) 8,33 (1)
IMHeBMmoHis, % (n) 16,67 (2)
PaHns 30-geHHa netansHicTb, %(n) 8,33 (1)

Tabaunuga 6. MNicrsonepaLliiHi XapaKTePUCTUKM NaLieHTIB
3 130AbOBAHO0 MAacTHKoo TK, n = 12

Moka3HuK, oAUHULI BUMipHOBaHHS Pesynbrar
EkctyByBaHHs Ha onepaitHomy ctoni, % (n) 100 (12)
Yac nepebysanHs y BPIT, nobu 1,009
BugineHHs 3 gpeHaxis, M 155+ 35
HeobxigHicTb iHOTPOMHOI MigTpUMKK, 106K 0,8+0,2
IMNepebyBaHHs y cTaLlioHapi, ;oou 430+1,72
locniTanbHa cMepTHICTb, % (N) 8,33 (1)
EuroSCORE 7,0

LitHomy nepiofi. Takox He AiarHOCTOBaHI THIlHI yCKMaaHEeHHS
nicnsionepawiHoi paHu.

Mpotsarom nepwux 30 gHiB nicns onepauii nomep oanH
(8,33 %) nmaujeHT Big noniopraHHOi HEAOCTATHOCTI, LIO 3yMOB-
neHa pepaKkTEPHOI NPOrPECUBHOK HELOCTATHICTIO MPaBoro
LUTYHOYKA.

[aHi nicnsionepauiHoro nepiogy BEAEHHs NauieHTiB HaBe-
[leHo B mabnuui 6.

Tpusanictb nepebyBaHHs y BiAAiNEHHI peaniMmauii Ta iH-
TeHcuBHoi Tepanii (BPIT) ctanosuna 1,0 £ 0,9 fobw; 3aranbHa
TpuBanicTb nepebyBaHHs y cTauioHapi — 4,30 + 1,72 nobw. Mo-
KasHWKI rochitanbHoi netanbHocTi ctaHoBunm 8,33 % (n = 1).
EuroSCORE nicns onepauii B npoonepoBaHnX nauieHTiB cTaB
Hk4MM. Kpim Toro, obpaHuii TMn onepaTuBHOTO JOCTYNy B
nicnsionepalinHoMy nepiogi 3abeanevyBaB KOCMETWUYHICTD i
MasioTPaBMaTUYHICTb, @ OTKE HU3bKY iHTEHCUBHICTL GONBOBOTO
cUHApPOMY. Y pesynbTati KOHTPOMHO (TeNnetOHHMI 3B'430K) CTano
BiJOMO, LLIO NiCNs BUNMCKY 3 NiKapHi NauieHT gocsaranit NoBHOT
MeaW4HoI Ta collianbHoi peabiniTaLlii.

06roBopeHHA

3rigHo 3 ocTaHHiIMK 3BiTamu, BCe BinbLue yBaru NpuainsoTh
PO3BUTKY NPaKTUKK XipyprivHoro BigHoBReHHs TK 4515 NOBTOPHUX
BWNaAKIB nicns nonepeaHboi kapaioxipypriyHoi onepadii. Lig
npakTuKa € CNpUSTIIUBILLO, HiXX NpsiMa 3amiHa TK, yepes kpaldi
BigaaneHi kniHivxi pesynsrat [15].

BviBunnn pesynbrati 12 nocnigoBHUX NaLiEHTIB, SKUM 3gjic-
HWUNK i30nbOBaHe XipypriyHe BTpy4aHHs Ha TK 3a cTparterieto cep-
L1, Wwo npauroe. OuiHUNM edheKTUBHICTb | 6e3MNeYHICTb HaBEAEHOT

METOAKI. HackinbKy Ham BiZOMO, Lie HalbinbLLe AOCHImMKEHHS,
BUKOHaHE B YKpaiHi, N Yac SKoro BUBYany i30NIbOBaHe BTPY-
yaHHs TK, BKIIOYa0UM KOHTPOMbHI exokapaiorpadiyHi aHanisu.

MoxnuBuMK hakTopamu, MOB’SI3aHUMM 3i CTaHAAPTW30-
BaHO0 KapgioxipypriuHoto onepalieto Ha TK, LLO 3yMOBIIOWTbL
He3aJoBIMNbHI nicnsonepavinHi pe3ynsraty, € ilemis Miokapaa,
NoB’'si3aHa 3 KapAionneriyHoK 3yNUHKOK Cepus, Ta 3HauHa
KpoBOTeua i3 CepenocCTiHHA / rpyanHm [16]. Mepesara cTparerii,
SKOT MU JOTPUMYBANMCS, NONsrae B TOMY, LU0 iLLeMito Miokapaa
MOXHa MiHiMi3yBaTu LUNSIXOM BUKOHaHHS onepaLlii 6e3 nepetuc-
KaHHS aopTy.

[opiBHSHO 3 MOBHOK MOB3AOBXHBOK CEPEANHHOK CTEPHO-
TOMi€to, CTpaTeris nepeaHLOH60K0BOT TOPAKOTOMIT MOXe MiHIMi3y-
BaTM KPOBOTEYY BHACIIZOK BifICYTHOCTI PECTEPHOTOMI, @ TaKOX
3aBSK/ TOMY, LLIO HE po3Cikarnu CepefoCTiHHS Ta NpaBuii LLIMYYOK,
0c0bnMBO Mif Yac NOBTOPHOTO BTPYUaHHs!. Xipypr Moxe 3MiHUTK
npoLeaypy HeraiHo, Konn BUHUKae Npobnema 3 puTMoM, i Lie
MOXe MiHIMi3yBaTK 4acToTy MicnsonepawiiHoro BCTaHOBMEHHS
nocTilHoro kapgioctTumynsTopa. Lii gaHi niateepaxye ak, wo
nig yac JocnimKeHHs He Byno BUNaaKiB BCTAHOBMEHHS MOCTINHO-
ro KapaioCTUMynsATopa NaLieHTy i3 nnacTtukoto TK 3 nonepenHsot0
iCTOpIEl0 KnanaHHUX i KOPOHapHUX onepauin. ToMy MOXemo
OMiKyBaTV Ha KpaLLwid nicnsionepaLliiHuid pe3ynbrar, NoeaHaBLUM
cTparerii NpaBOCTOPOHHLOI NepeaHbOBOKOBOI TOpPaKOTOMIi Ta
cepus, Lo npautoe. Lle npunyLueHHs nigTBepmKeHo Kinbkoma
LOCTIMKEHHAMM, aBTOPU SKUX MOBIZOMASNN NPO CPUATIUBI
pe3ynbTaty i3onboBaHoi xipyprii TK 3 Bi4Hoto TopakoToMieto Ta/
abo crparerieto cepus, Lo npaLioe.

Cheng A. et al. 3a3Haunnu: i Npy NEePBUHHIN, | BTOPUHHIN pe-
rypritauii TpvKycniganbHoro KranaHa Chig BTpy4aTuCs Ha paHHin
cTagii, wob yHWUKHYTU HE3BOPOTHOI NEYiHKOBOI Ta/abo HMPKOBOI
HeJoCTaTHOCTI, Aunarauii npaBux BiAginiB cepus Ta cepLeBoi
HegocTaTHocTi. KpiM cumnToMmis, Npu iaMeTpi TpUKychigansHoro
Kinbug Ginblwe Hix 40 Mm, dibpunauii nepeacepab Ta 03HaKax
MpaBOLLMYHOYKOBOI CepLIeBOi HeJOCTaTHOCTI PEKOMEHA0BAHO
OLHNTY AOUiNbHICTb BigHoBReHHs TK [17].

Y BaraToLeHTPOBOMY AOCRIZKEHHI i30MbOBaAHOI Xipyprii
TK, wo 3airichmnn M. Russo et al., BUSIBIEHO MeHLy YacToTy
BWUHUKHEHHS OCTPOI HUPKOBOI HELOCTATHOCTI Ta iHCYNLTIB Y
pasi 3aCTOCyBaHHi CTparTerii cepus, WO Npautoe, NOpiBHSHO
3i cTpaTerieto 3ynuHeHoro cepus. Y rpyni cepus, Lo npaLoe,
30-geHHa cMepTHICTb CTaHoBWMa 5 %; 6-piuHa BIKMBAHICTD i
BiACYTHICTb cepueBoi cmepTi — 78 £ 5 % i 84 + 4 % BignosigHo;
6-piuHa KoMbiHOBaHa KapgionoriyHa KiHLEeBa Touka (cepueBa
CMepTb) | YacToTa MOBTOPHUX onepaLii ripwi B rpyni Xipypriy-
HOTO BTPYYaHHS Ha 3yNMHEHOMY CepLli, HX Y rpymi XipypriyHoro
BTPYYaHHs Ha cepLi, Lo npauioe [13].

Lee H. et al. nosigoMnnn Npo paHHi pe3ynsTaTh i3051bo-
BaHOro XipypriyHoro BTpyyaHHst TK Ha cepui, Wwo npautoe, 3a
iXHIMM JaHUMK, paHHS CMepTHICTb cTaHoBunia 4 %, vacTota
nicnsionepavinHoi iMnnaHTawii NocTiNHOro KapaiocTumynsaTopa
— 4 %, a cepefHbOCTPOKOBA BUKMBAHICTb — 89,1 % npoTsrom
4 pokis [18].

Buzzatti N. et al. BcTaHOBWM, WO B pasi BUKOHAHHS npa-
BOCTOPOHHBLOI TOPAKOTOMIi MaLiEHTN MOXYTb OyTW 3axWLLEHi
Big HebaaHUX HacnifgkiB CepeanHHOI PeCTEPHOTOMII sk one-
paTMBHOrO AOCTYNY MpW NOBTOPHWX OnepaLisix Ha cepuj, Sk-0T
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MOLLKOKEHb KOPOHAPHWX LLYHTYBANbHUX TpaHCMaHTaTie abo
kamep cepLs Ta MacuBHoi kposoTeui [19]. 3 iHworo Boky, npw Uil
METOAML HeMae HeODXiQHOCTI B PO3CIUEHHI BUPAXXEHMX Crarnok
i pyOueBux TkaHWH, Wb oTpumaTi JocTyn Ans kaHonsuii. Lie
moxe OyTu nepeBaroto 415 NpodinakTyku micnsonepawinHoi ro-
CTpOI Aunaraujii Ay»xe TOHKVX MpaBuX BiAinie cepus, Lo Cpusie
kpaLuum pesynsratam [20].

Y mocnimpkerHi M. O. Hanedan et al. nokasaHo: YHUKHEHHS
CepeanHHOI PECTEPHOTOMII MOXE ByTU KOPUCHM 4715 CKOPOUEH-
HS TPUBANOCTi OnepawiiHOro BTPyYaHHS!, 3MEHLLEHHS! 0B’emMy
BUZINEHb 3 APEHAXIB OnepaLiiiHoi paHu, NoTpedm B iHOTPOMHIX
3acobax nig vac i micns onepaLii, SMEHLUEHHS BUMaZaKiB cepLieBoi
cMepTHOCTI [21].

3rigHO 3 pesynbTatamu HaLOro JOCTIZKEHHS, i30nboBaHa
nnacTuka TPUCTYMKOBOrO KnamaHa 4Yepe3 NpaBOCTOPOHHIO
nepeaHbO00KOBY TOPAKTOMIKO Ha Cepli, Lo npaLtoe, cnpusie
LUBWAKOMY BiJHOBIEHHIO SIKOCTI KWUTTS XBOPUX i3 MOKPALLEHHSIM
MOKa3HVKIB 3ararnbHOro CTaHy 30OpOB's.

BucHoBKHU

1. [3onbOBaHa nnacTika TPUKYCMiZanbHOMo KnanaHa Ha
cepui, Lo NpaLtoe, Yepes NPaBOCTOPOHHIO NepeaHLOBOKOBY TO-
pakoTOoMito € 6E3MEYHOI0 Ta ehEKTUBHOK ONEPATVUBHO ansTep-
HaTMBOHO B MaLiEHTIB KapgioXipypriYHOro Npoddinio 3 NOBTOPHUM
BTPYYaHHSM.

2. AHTeponaTepasnibHa TOpaKoTOMisl Mig Yac NMOBTOPHOrO
BTPYYaHHS Ha cepLli ae 3Mory 36eperTu KICTKOBMI Kapkac, YHUK-
HYTW TEXHIYHO CKMaZHOI Kapaionnerii Ta NepeTnckaHHs aopTu,
3anobirT MOLIKOMKEHHIO MaricTpanbHUX CYAUH i KOPOHapHMX
apTepii npy mobinisawii TX um iHWKX BigAINiB cepus, CepLeBin
HEeLOCTaTHOCTI.

3. MnacTuka TpukycniganbHOro knanaHa Ha cepui, Wwo
npawoe, Ja€ 3MOry JOCAITU XOPOLLOTO KIiHIYHOTO pesynbsraTy
B MaLieHTIB 3 i30MbOBAHOK TPUCTYNKOBOK HEeLOCTaTHICTIO
npy peTenbHOMY Bigbopi pecnoHaepiB Mig 3anponoHOBaHy
METOANKY i3 3aA0BINbHUMM TepMiHaMmu nepebyBaHHs y BPIT
Ta cTauioHapi, 6e3 ilemivyHux Ta/abo penepdy3inH1X NOLLKO-
[KeHb cepus Ta 3i LUBMAKUM NMOBEPHEHHAM [0 HOPMarbHOI
KUTTEOIANBHOCTI.

4. TlokasaHHs O i30MbOBAHOM0 ONEPATUBHOTO BTPYYaHHS
Ha TpWKycniganbHOMY KrnanaHi MatoTb IpyHTYBaTUCS Ha [o-
CTOBIpPHUX exoKkapgiorpadiyHux nokasHukax poboTu mpaBux
BigAinie cepus.

MepcneKTUBY NOAAALLUMX AOCAIAKEHb. X04Ya € 3HAYHI Bid-
MIHHOCTi MiXX fBOMa BUZAMM XipypriYHWMX TEXHIK, OCTATO4YHO He
BUPILLEHWUM 3amn1LIAETLCS MUTAHHS LOAO NepeBar KOXHOM Me-
TOZY B NEBHOMY KOHKPETHOMY BUMazKy. Tomy NOTPiBHi HAcTymHi
[OCNimMKeHHs1 Ha BinbLUin BUBIpLi NaLjeHTiB, @ Takox MeTaaHa-
ni3u, Wob JOCTOBIPHO PEKOMEHYBATM Xipypram ONTUManbHWUA |
HaykoBO 0Or'pYHTOBaHMI MeTOZ, XipypriYHOro NikyBaHHs.

Moasku

ABTOpM BUCTOBIOKTH NOASKY 38 3narofxeHy poboTy, npodecioHaniam,
onepaTyBHi KOMyHiKaLii Ta 3aLlikaBneHiCTb y B3aeMogjsix CniBpobiTHUKaM
BigAineHHs kapaioxipyprii KHIM «3anopisbka obnacHa kniHivHa fikapHs»
30P - P. M. Tapany, [1. O. NawTa6esi, C. t0. HakoHeuHomy.
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