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M. L. Isachenko, O. V. Melnikova, O. V. Khorolets

THE IMPACT OF AMINO ACIDS ON CHANGES IN FLUID AND FAT TISSUE CONTENT IN RATS WITH TYPE 2
DIABETES MELLITUS

Zaporizhzhia State Medical and Pharmaceutical University, Zaporizhzhia, Ukraine

The aim of the study was to determine the body composition of rats with experimental type 2 diabetes mellitus, and to assess the impact
of amino acid correction on these parameters using bioelectrical impedance analysis.

Materials and methods. Type 2 diabetes mellitus was induced with streptozotocin (30 mg/kg) in rats with insulin resistance. Two
experimental subgroups received L-arginine or N-acetyl-L-cysteine, while the diabetic control group received drinking water. Glucose levels,
body weight, and body composition were measured.

Results. Streptozotocin administration caused persistent hyperglycemia and body mass reduction, primarily due to fat loss, despite a slight
increase in lean body mass. However, the lean body mass remained lower than in the control group. These changes led to overall dehydration
caused by reduced extracellular and intracellular fluid volumes, while their ratio was preserved. L-arginine and N-acetyl-L-cysteine reduced
glucose levels by 14 % and 13 %, respectively, compared to the untreated diabetic group. Despite the reduction in glucose levels, all diabetic
subgroups experienced progressive dehydration, without significant differences in total body weight, fat, or lean body mass mass. The fat-to-
lean mass ratio in amino acid-treated groups was 1:5, significantly different from the 1:6 ratio observed in untreated diabetic rats.

Conclusion. Modeling type 2 diabetes mellitus in rats with insulin resistance leads to changes in body composition in rats, including fat
mass loss and general dehydration. Amino acid correction reduces glucose levels but does not prevent alterations in water and fat metabolism.

Keywords: bioimpedance analysis of body composition, type 2 diabetes mellitus, L-arginine, N-acetyl-L-cysteine, rats.

YIK 616.379-008.64-018.2-074:547.466]-092.9

M. L. Icauenko, O. B. MeasnikoBa, O. B. XopoJiens

BILIMB AMIHOKHCJIOT HA 3MIHHA BMICTY PIJJMHHU TA ’KUPOBOi TKAHUHH ¥ IIYPIB I3 IYKPOBUM
JIABETOM 2-I'0O TUITY

3anopizvkuii Oepocagnuii meouko-gapmayesmuunuil ynigepcumem, 3anopiscoics, Ykpaina

Mertoto pocmimkeHHs Oylo BU3HAYEHHS CKIIaAy Tila IIypiB 3 eKCIEPIMEHTAIBHIM IYKpOBHM Jiaberom 2-ro tumy (LIJ12), a Takox orinka
BIUIMBY KOPEKIIii aMiHOKHCIIOTaMH Ha Ili MOKa3HHUKH 3a JJOIOMOT0I0 0i0iMIEIaHCHOTO aHaJi3Y.

Jns peanizamii MeTH TBApUHAM MIPOBOJIIIIA BU3HAYCHHS KOHIIEHTpAIIT [IIFOKO3W, MAcH Tijia i Gi0iMIIeITaHCHUI aHAITI3 CKIIay Tijla.

MopnenroBanus LI/I2 Ha ¢oHi iHCYTIHOPE3UCTEHTHOCT] MPU3BOAUTH 10 3MiH y CKJIafi Tijla IIypiB, BKIIOYHO 3 BTPATOIO KHUPOBOI MacH Ta
3araJpHOIO Jieriaparariero. Kopekiis aMiHOKHCIIOTaMy 3HIKY€E PiBEHb TIIOKO3H, aJie He ToNepekae 3MiH Y BOTHOMY Ta )KHPOBOMY OOMiHi.

KtrouoBi ciioBa: GioiMreaHCHUIM aHai3 CKIaay Tina, yKpoBui aiabet 2-ro tuiy, L-aprinin, N-anerwi-L-nucrei, mypu.

Introduction
Type 2 diabetes mellitus (T2DM) is one of the most
common endocrine disorders worldwide, characterized
by insulin resistance and impaired insulin secretion [1].
According to data from the World Health Organization, the
number of people suffering from this condition is growing

© M. I. Isachenko, O. V. Melnikova, O. V. Khorolets, 2026

CTaTTs NOLMPIOETHCS HAa YMOBAX JiLEH311 -.

year by year, driven by lifestyle changes, particularly
insufficient physical activity, unhealthy diets, and rising
obesity rates among the population [2].

In the search for new approaches to the treatment and
management of T2DM and its complications, researchers
are focusing on various pharmacological agents, including
amino acids (AA) [3], the most promising of which
are L-arginine [4] and N-acetyl-L-cysteine [5]. These
compounds demonstrate potential in regulating glucose
metabolism, reducing insulin resistance, and improving
pancreatic -cell function [4; 5]. Experimental studies
investigating the efficacy of amino acids are important for
determining their role in the treatment of T2DM, as they

ISSN 2226-2008 OJIECBLKUI1 MEJIMYHUI )KYPHAJI Ne 1 (198) 2026 9
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may offer new strategies for disease management and
improving patient condition [6].

One of the common methods for assessing the metabolic
status of patients with T2DM is bioelectrical impedance
analysis of body composition (BIA) [7]. This method
provides an accurate determination of the percentage
ratio between muscle and fat mass, as well as the body’s
hydration level. BIA provides valuable information about
changes in the bodies of patients with diabetes that may be
associated with the development of complications or the
effectiveness of treatment [8].

Studies conducted on animals, such as rats, also play an
important role in investigating the mechanisms of T2DM,
allowing researchers to detect changes in metabolism and
assess the impact of various therapeutic interventions on
body composition [9]. Due to its sensitivity and accuracy,
BIA can help detect early signs of metabolic disorders,
which is critically important for developing new strategies
for the treatment and prevention of diabetes [10].

Based on the above, the aim of the study was to
determine the body composition of rats with experimental
type 2 diabetes mellitus, as well as to evaluate the impact
of amino acid correction on these parameters using
bioelectrical impedance analysis.

Materials and Methods

All studies were conducted at the Educational and
Research Medical Laboratory Center with a vivarium at
Zaporizhzhia State Medical and Pharmaceutical University
(Certificate of Technical Competence No. 181/23 issued
by the Ministry of Health of Ukraine on December 21,
2023, valid until December 20, 2028), in accordance with
the “General Ethical Principles of Animal Experiments”
approved by the 3rd National Congress (Kyiv, 2007), and the
provisions of the “European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Purposes” (Strasbourg, 1986). During the experiment, the
Law of Ukraine “On the Protection of Animals from Cruel
Treatment” No. 27, Art. 230, 2006, as amended by Law

No. 1759-VI (1759-17) of December 15, 2009, Information
of the Verkhovna Rada of Ukraine, 2010, No. 9, Art. 76,
General Ethical Principles of Animal Experiments
(First National Congress on Bioethics, September 20,
2001, Kyiv), Ethical Principles of Animal Experiments
(I National Congress on Bioethics, September 20, 2001,
Kyiv), Code of Ethics for Scientists of Ukraine (National
Academy of Sciences of Ukraine, 2009), and the approval
of the Local Bioethics Committee at ZSMPhU (Protocol
No. 2 dated March 15, 2023). The study was conducted
as part of ZSMPhU’s initiative-based research project
on ‘“Pathogenesis and Pathomorphology of Endocrine,
Cerebrovascular, Neoplastic, and Non-neoplastic Diseases
in Patients and in Experiments” (State registration number
0125U002639), duration: 2025-2029.

Study design

Type 2 diabetes mellitus was induced in normoglycemic,
normotensive male Wistar rats aged 1620 months, which
were divided into 2 experimental groups and 3 subgroups
(Fig. 1).

Before the induction of T2DM, male Wistar rats with
normal blood pressure and glucose levels were subjected
to a model of insulin resistance using the appropriate
method [11], followed by adherence to the described diet
throughout the experiment.

To induce T2DM, a single dose of streptozotocin
(Streptozotocin, S0130-1G, Sigma-Aldrich) in 50 mM
sodium citrate buffer (pH 4.5) at a dose of 30 mg/kg
intraperitoneally, followed by drinking glucose solution
according to the following schedule: day 1 — 20 % solution,
days 2-3 — 10 % solution, days 4-5 — 5 % solution, and
from day 6 onward — drinking pure water. Rats in the
control group received only citrate buffer intraperitoneally
in the same volume. Two weeks after streptozotocin
administration, only animals with a glucose concentra-
tion > 15 mmol/L in a blood sample from the tail vein were
included in the experiment. Measurements were performed
using a Contour Plus glucometer (BAYER CONSUMER
CARE AG, Switzerland) and Contour Plus test strips.

Group 1:
Control-0, (n=7)

Control-6, (n=7)

Control-8, (n=7)

J \ J

r

Group 2:

Removed, (n=9)

[ Subgroup 1: DM2-8-1 |
diabetes mellitus

without amino acid

correction, (n=7)
7 \ 7

DM2-0, (n=30)

\

DM2-6, (n=21)

) ( )

Subgroup 2: DM2-8-2

diabetes mellitus with
L-arginine, (n=7)

7 \ 7

f Subgroup 3: DM2-8-3 )
diabetes mellitus with
N-acetyl-L-cystein,
(n=7)

\

Fig. 1. Study design
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The animals were then kept for another 4 weeks under
standard conditions with blood glucose monitoring every
2 weeks. Starting from week 7, the rats were divided
into 3 subgroups. Subgroup DM2-8-1 consisted of rats
with T2DM without amino acid correction; subgroup
DM2-8-2 consisted of rats with T2DM to which
a solution of L-arginine (2-amino-5-guanidinovaleric acid,
C6H14N402, CHDA, China) at a dosage of 1.5 g/kg/L per
day for 2 weeks, and subgroup 3 — DM2-8-3 — consisted of
T2DM rats treated with N-acetyl-L-cysteine (N-acetyl-L-
cysteine, CSHINO3S, China) at the same dosage.

Methodology for conducting bioelectrical impedance
analysis of body composition

Prior to performing the bioelectrical impedance analysis
(BIA), it was mandatory to enter the animals’ biometric data
(body weight in grams and rectoanal length in centimeters)
into the Vet BIS1 impedance analyzer (Impedi Vet, Australia)
in accordance with the manufacturer’s instructions [12].
The study methodology is detailed in previous articles [11;
13]. The calculated body composition parameters were:
total body water (TBW) volume, in milliliters and as a
percentage of body weight; extracellular fluid (ECF) and
intracellular fluid (ICF) in milliliters and as a percentage
of BW; lean body mass (LBM) and fat body mass (FBM)
in grams and as a percentage of body weight (Fig. 2) [13].
For anesthesia of the animals, “Medison” (medetomidine
hydrochloride) was used, followed by administration of its
antidote — “Reverson” (atipamezole hydrochloride) — after
the study was completed.

e m—s o
5(',9 Veterinary impedance processi
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Statistical analysis

Statistical analysis was performed using one-way
analysis of variance (ANOVA) in the Statistica software
(license No. JPZ8041382130ARCN10-J). Continuous
variables are presented as the mean (M) + standard error of
the mean (m). All parameters were compared using one-way
ANOVA, followed by Tukey’s two-sided post-hoc test for
multiple comparisons when significant. A two-sided p-value
< 0.05 was considered statistically significant for all tests.

Research results and their discussion

The results of the blood glucose concentration
measurements in rats of the experimental groups and
subgroups are presented in Figure 3 (Fig. 3A-B).

In rats of the DM2 group, a statistically significant
increase in glucose concentration was observed compared
to control indices at weeks 2, 4, and 6 of the study (Fig. 3A).
Administration of L-arginine to rats of the DM2-8-2
subgroup had a significant effect on glucose concentration,
leading to a 14 % reduction compared to the untreated
DM2-8-1 subgroup, while in the DM2-8-3 subgroup
treated with N-acetyl-L-cysteine, only a tendency toward a
13 % decrease was observed (Fig. 3B).

Within 5 weeks following streptozotocin administration
to rats with diabetes mellitus, no statistically significant
changes in body weight were observed compared to the
control group, and neither amino acid had a statistically
significant effect on body weight at weeks 7 and 8 of the
experiment (Table 1).
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Fig. 2. Analysis of body composition in rats from the T2DM group after Phase 1
and before streptozotocin administration
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Fig. 3. Changes in glucose concentration in rats from the experimental groups, M + m

Note 1: # — statistically significant difference in DM2 values compared to those of the control group at the corresponding time point

(p < 0.05).

Note 2: ~ — statistically significant difference in group parameters at weeks 6 and 8 compared to those of the same group at week

0 (p < 0.05).

Note 3: $ — statistically significant difference in parameters of subgroups DM2-8-2 and DM2-8-3 compared to parameters of

subgroup DM2-8-1 (p < 0.05)

Table 1
Body composition parameters in rats of the experimental groups, M + m
Groups 0 weeks 6 weeks 8 weeks
Parameters | Control DM2 Control DM2 Control DM2-8-1 | DM2-8-2 | DM2-8-3

Ratbody| o | 3444 | 35247 | 36724 | 35226 | 37745 | 359+13 | 362+11 | 362411

ml 0.177 + 0.167 0.211 + 0.160 + 0.212 + 0.137 + 0.138 + 0.139 +

TBW 0.007 0.004 0.007~ 0.003" 0.002~ 0.006" 0.005% 0.003*
% | 545+1.8 | 47.5+0.7" | 574+1.3 [456+£0.5" | 56.1 £0.5 | 38.1 £0.3* | 38.0£0.6" | 38.4+0.3*

ml 0.082 + 0.069 + 0.097 + 0.075 + 0.096 + 0.068 + 0.070 + 0.072 +

ECF 0.003 0.002* 0.003~ 0.002% 0.001~ 0.003" 0.002% 0.002%
% | 46.5+£0.7 | 41.6£1.2% | 458+0.5 | 47.1£0.7" | 45.2+£0.7 | 49.6+1.6" | 50.8 £0.7* | 51.6 £ 0.5

ml 0.095 = 0.098 + 0.111 + 0.085 + 0.116 £ 0.069 = 0.068 = 0.067 =

ICF 0.004 0.003 0.003~ 0.002* 0.002" 0.004* 0.003* 0.001*
% | 53.5+£0.7 | 584+£1.2% | 542+0.5 | 52.9+£0.7 | 54.8+0.7 | 50.4+1.6" | 49.2+0.7" | 48.4 £ 0.5

0.048 + 0.129 + 0.057 + 0.062 + 0.055 + 0.052 + 0.057 + 0.060 +

FBM & 0.001 0.003% 0.002~ 0.002~ 0.002~ 0.003~ 0.002~ 0.003~
% | 14.8+0.3 | 36.7+0.5" | 154+03 |17.6+0.5" | 145+05 | 14.6+0.5 | 15.6+0.5 | 16.6+0.6™®

0.276 + 0.223 + 0312+ 0.290 + 0323 + 0.307 = 0.306 + 0.301 =

LBM | % 0.005 0.005% 0.004" 0.005* 0.004" 0.01” 0.010" 0.009*
% | 85.2+03 | 63.3+£0.5% | 84.6+03 |824+0.5"| 85505 | 85405 | 84.4+0.5 [83.4+0.6"°

Note 1: # — statistically significant difference in the indicators of group DM2 compared to those of the control group at the
corresponding time point (p < 0.05).
Note 2: ~ — statistically significant difference in the indicators of the groups at weeks 6 and 8 compared to the indicators of the same
group at week 0 (p < 0.05).
Note 3: § — statistically significant difference in the indicators of the subgroups DM2-8-2 and DM2-8-3 weeks compared to the
indicators of subgroup DM2-8-1 (p < 0.05).

As we noted earlier, prior to the induction of T2DM
in rats of the DM2-0, obesity had developed, that was
accompanied by changes in body composition, a relative
deficiency of TBW due to extracellular dehydration,
and a redistribution of fluid resulting in intracellular
hyperhydration (week 0 values) (Table 1) [11].

Six weeks of T2DM led to a statistically significant
7 % loss in LBM compared to the control group, while
changes in FBM showed no significant differences, with
the FBM:LBM ratio returning to near-control levels —
1:5. When compared to the animals’ condition prior to

streptozotocin administration, the changes were more
pronounced: a decrease in FBM by a 52 % accompanied by
a 30 % increase in LBM. Hyperglycemia, which persisted
for 6 weeks, led to generalized dehydration (a 24 %
decrease in absolute TBW and a 21 % decrease in relative
indicator compared to the control group). These changes
occurred due to the loss of both ECF and ICF, with their
ratio to TBW remaining within the normal range (1.0 : 1.1)
(see Table 1).

The addition of amino acids to drinking water for two
weeks had no statistically significant effect on the absolute
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values of FBM and LBM in rats of the DM2-8-2 and
DM2-8-3 subgroups compared to rats that drank pure water
(DM2-8-1) (see Table 1). Analysis of the relative values of
FBM and LBM in animals who were administered N-acetyl-
L-cysteine (DM2-8-3) revealed a significant decrease in
FBM accompanied by an increase in LBM compared to
rats without correction (DM2-8-1), but the ratio of FBM
to LBM in both treatment subgroups remained at the same
level —1:5 versus 1:6 in the DM2-8-1 rats (see Table 1).

Analysis of body water at week 8 revealed a progression
of overall dehydration in all three subgroups, with no
statistically significant differences when comparing them
to one another (see Table 1). The observed changes were
caused by an absolute decrease in both ECF and ICF, with
no statistically significant influence of amino acids on
the studied parameters. A comparison of relative indices
revealed a redistribution of fluid relative to TBW toward
extracellular hyperhydration. This altered the ECF:ICF
ratio, which was 1.0:1.0 in all three subgroups (see Table 1).

In recent years, L-arginine has attracted significant
attention as a potential agent for metabolic disorders
correction in patients with T2DM [6]. L-arginine is an
amino acid that performs several important functions in the
body. Studies have shown that L-arginine can lower blood
glucose level, which is crucially important for managing this
disease. It promotes vasodilation via nitric oxide (NO) that
improves glucose uptake by cells. In addition, L-arginine
can stimulate insulin secretion by pancreatic -cells and
increase tissue sensitivity to insulin, that contributes to
blood glucose decrease [4]. L-arginine may also influence
lipid metabolism and inflammatory processes, which often
accompany T2DM. Reducing the intensity of inflammation
may decrease insulin resistance and improve patients’
overall metabolic status. Studies have shown that patients
receiving L-arginine demonstrated a significant reduction
in HbAlc¢ levels, which is an important indicator of long-
term glycemic control [14].

N-acetyl-L-cysteine is also gaining attention as a
potential glucose-lowering agent. This compound, known
for its antioxidant properties, may significantly influence
glucose metabolism and overall health in patients [5]. One
of its key mechanisms of action is the ability to increase
glutathione levels, a potent antioxidant that protects cells
from oxidative stress, and may enhance cellular insulin
sensitivity [6]. It has been established that N-acetyl-L-
cysteine can modulate glucose metabolism by regulating
the activity of enzymes involved in glycolysis and
gluconeogenesis. This effect may lead to a reduction in
endogenous glucose production in the liver and improving
glucose utilization in peripheral tissues [15]. However, our
study revealed only a trend toward a decrease in glucose
concentration, which is likely due to an insufficient duration
of administration or an inappropriate dose.

It is worth noting that, despite the promising findings,
research on L-arginine and N-acetyl-L-cysteine in the
context of T2DM are currently in the early stages of
investigation. Further clinical and experimental studies are
required to elucidate their potential mechanisms of action
on the pathogenesis of T2DM, as well as to determine
optimal dosing regimens, treatment duration, and potential
side effects.

TEOPIsJ TA EKCIEPHUMEHT

The use of BIA provides new opportunities for
assessing metabolic changes in body composition in the
context of T2DM [7]. The value of this method is based
on its low invasiveness and greater informativeness
compared to classical mass spectrometry, which allows
for the in vivo assessment of changes in metabolic
direction in rats in stage 2 following streptozotocin
administration. In our experiment, it was found that over
6 weeks, body weight did not change significantly relative
to the control and baseline values in the T2DM group of
rats. However, the ratio of FBM to LBM changed from
1:2, indicating marked obesity in the animals, and after
the induction of hyperglycemia, this ratio shifted to
1:5 due to a predominant loss of fat mass. One of the
likely causes of FBM loss is enhanced lipid catabolism,
resulting from the use of lipids as a primary energy
source. Although such changes may seem positive, they
actually indicate metabolic disturbances resulting from
endocrine dysregulation [16]. This leads to an increase
in free fatty acid levels and triggers inflammatory
processes, which, in turn, exacerbate insulin resistance
and complicate glucose control. Inflammation may also
intensify catabolic processes in muscles, potentially
leading to further loss of muscle mass [16]. On the
other hand, monitoring body fat reduction may play an
important role in a comprehensive approach to T2DM
therapy promoting improved insulin sensitivity and
enhancing carbohydrate metabolism [17].

In addition, BIA can help detect changes in hydration
levels, which is critically important for correcting fluid
and electrolyte imbalances and optimizing therapeutic
strategies. One of the main causes of dehydration in rats
with T2DM is a disruption of glucose-insulin balance.
High blood glucose levels lead to osmotic diuresis and
glucosuria, which, in turn, result in dehydration. This
condition may have serious consequences, including
a decrease in circulating blood volume, electrolyte
imbalance, and impaired organ function. Moreover,
dehydration can result in increased plasma sodium levels,
which may impair tissue sensitivity to insulin. This
complicates glycemic control and may lead to further
progression of T2DM [16].

Conclusions

1. The administration of streptozotocin to insulin-
resistant rats induces persistent hyperglycemia, which
leads to a decrease in body weight compared to baseline
values; however, this difference was not statistically
significant compared to the control group. The weight loss
occurred due to a reduction in adipose tissue accompanied
by an increase in lean body mass; nevertheless, when
compared to the control group, this proportion was lower.
These changes led to general dehydration due to a decrease
in the volume of extracellular and intracellular fluid while
maintaining their ratio.

2. Administration of L-arginine led to a 14 % decrease
in glucose concentration compared to the subgroup of
rats with untreated diabetes; however, administration of
N-acetyl-L-cysteine was accompanied only by a tendency
toward a decrease. At the same time, progression of total,
extracellular, and intracellular dehydration was observed in
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all 3 subgroups, without a significant effect on body weight,
fat mass, and lean body mass. The fat-to-lean body mass
ratio in both subgroups receiving amino acids remained
at the same level — 1:5 that differed significantly from
the 1:6 ratio in the subgroup of rats without amino acid
administration.

3. Modeling of type 2 diabetes mellitus against a
background of insulin resistance leads to changes in the
body composition of rats, including loss of fat mass and
general dehydration. Correction with amino acids reduces
glucose levels but does not prevent changes in water and fat
metabolism.
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Background. Recent research has increasingly highlighted the intricate crosstalk between the immune and nervous systems, particularly
in the context of neurological pathogenesis. Gabapentin, a structural analogue of y-aminobutyric acid (GABA) conventionally prescribed
for epilepsy and neuropathic pain, is now gaining attention for its potential immunomodulatory properties. While it is well established that
the nervous, endocrine, and immune systems coordinate through a complex network of shared signaling molecules, the specific impact of
gabapentin on macrophages — the primary effectors of innate immunity that also orchestrate adaptive responses via antigen presentation —
remains poorly understood.

Methods. To elucidate gabapentin’s immunomodulatory capabilities, the murine macrophage cell line J774.2 was exposed to varying
concentrations of the drug in the presence or absence of lipopolysaccharide (LPS). Following treatment, the secretion profiles of major
inflammatory cytokines, specifically IL-6, TNF-o, IL-12p40, and GM-CSF, were quantified utilizing enzyme-linked immunosorbent assays
(ELISA).

Results. Our analyses revealed that gabapentin exerted a significant, dose-dependent suppressive effect on the production of IL-6, TNF-o,
and IL-12p40 in LPS-stimulated macrophages. Conversely, the secretion of GM-CSF remained largely unaffected. Importantly, none of the
tested concentrations induced cytotoxicity, demonstrating that gabapentin effectively dampens the release of pro-inflammatory cytokines
without compromising overall macrophage viability.

Conclusion. In summary, this study provides compelling evidence for the selective anti-inflammatory and immunomodulatory actions
of gabapentin on macrophages. These findings broaden our understanding of gabapentin’s pharmacological profile beyond its classical
neurological applications, underscoring its potential therapeutic value in the clinical management of neuroinflammatory and immune-mediated
conditions.

Keywords: inflammation, immunomodulator, gabapentin, cytokine, neuroimmune interaction.
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OcTaHHIM 4acoM 3pOCTa€ iHTepec J0 B3aeMoAil IMyHHOI Ta HepBOBOi cucTeM. ['abaneHTHH — CTPYKTYpHUI aHAIOT Y-aMiHOMACJIsTHOT
KHCJIOTH, IO IMIHPOKO 3aCTOCOBYETHCS IS TIKYBaHHS HEHPOIIATHIHOTO OOJIIO Ta CIIeNCii, — pO3NIAAEThCS K NOTEHI[IHHUN IMyHOMOTYITIO-
104Hit areHT. BosiHOYac foro BIUIMB Ha KJITHHH BPOJDKEHOTO IMYHITETY, 30KpemMa Makpodary, 3a1IIaeTbcs He0CTaTHbO BUBYCHHUM. Y LIbOMY
nocnipkeHHi Makpodarn Muri JiHii J774.2 06po0isiig pisHUME KOHLEHTpaLissMU rabaneHTHHY 32 HasBHOCTI ab0 BiICYTHOCTI Jiinomnoica-
xapupy. PiBai npo3anansanx nutokiHiB (IL-6, TNF-a, IL-12p40, GM-CSF) Bu3navamn meromoM iMyHo(epMeHTHOTO aHaTi3y. BeranosieHo,
1110 rabaneHTuH 10303anexHO 3HKYe nponykuito IL-6, TNF-a ta IL-12p40 y LPS-ctumynsoBanux Makpogarax, He BIUIMBAalOYH Ha piBEHb
GM-CSF i xwurre3narHicTs KuiTHH. OTpUMaHi pe3ynbTaTd CBig4aTh PO MPOTH3ANaiIbHI Ta IMyHOMOJY/IOIOYI BIACTUBOCTI TabarneHTHHY
1 PO3MIMPIOIOTH YSIBICHHS PO MOMKIIMBOCTI HOTO 3aCTOCYBaHHS 32 IMyHO3aJIXKHNX 1 HEeHpO3anaJbHUX CTaHiB.
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Introduction

Gabapentin is a structural analogue of a structural analogue
of y-aminobutyric acid (GABA) and is primarily prescribed
for the treatment of neuropathic pain, partial seizures, and
postherpetic neuralgia [1]. Although its mechanism of
action is not fully understood, gabapentin binds to the 020
subunit of voltage-gated calcium channels in the central
nervous system, thereby modulating neurotransmitter release
[2]. Despite its favorable efficacy in various neurological
disorders, gabapentin has been associated with adverse effects
such as dizziness, fatigue, and more recently, immunological
alterations [3]. There is growing clinical and experimental
interest regarding its impact on immune cells, as some reports
suggest gabapentin may suppress cytokine production or
modulate inflammatory responses [4].

Our study aims to investigate the potential immuno-
modulatory effects of gabapentin on macrophage cells, which
play a central role in both innate and adaptive immunity.
Macrophages, which are differentiated from circulating
monocytes, are essential in host defense through their roles
in antigen presentation, phagocytosis, and cytokine secretion
[5-7]. Their interaction with pathogen-associated molecular
patterns (PAMPs), such as lipopolysaccharide (LPS),
initiates signaling cascades leading to the release of pro-
inflammatory cytokines including IL-6, TNF-a, and IL-12
[8; 9]. Modulation of these cytokines may reflect the drug’s
influence on immune activation or suppression.

Since gabapentin’s direct effects on immune cells,
particularly macrophages, remain poorly understood, our
study addresses a crucial knowledge gap. We hypothesize
that gabapentin, upon exposure to activated macrophage
cells, may alter cytokine production levels in response to
LPS stimulation. Considering the role of macrophages in
inflammatory and neuroimmune interactions, understanding
these effects may provide insights into gabapentin’s broader
impact on the immune system and potentially inform its
long-term safety profile in vulnerable patient populations.

Materials and Methods

2.1. Cell culture and drug treatment

Gabapentin  (P4666, Sigma-Aldrich, USA) was
obtained from Sigma-Aldrich, and murine macrophage cell
line J774.2 were sourced from the American Type Culture
Collection (ATCC). All procedures were carried out under
BSL2 aseptic conditions to prevent contamination. The
compound was dissolved in sterile distilled water to a
final concentration of 10 mg/mL. J774 macrophage cells
were cultured in Roswell Park Memorial Institute 1640
medium (RPMI 1640; 11875093, Thermo Scientific,
USA) supplemented with 10 % fetal bovine serum (FBS;
A5209501, Thermo Scientific, USA) and 1 % antibiotic
solution (100 upg/mL streptomycin and 100 pg/mL
penicillin; 15140122, Thermo Scientific, USA) [10; 11].
The cells were plated in 24-well plates at a density of 10°
cells per well and allowed to adhere for 24 hours at 37 °C
in a humidified 5 % CO: incubator. Subsequently, the cells
were treated with 1, 5, and 10 ug/mL concentrations of
gabapentin, either alone or in combination with 1 ug/mL
lipopolysaccharide (LPS; L5293, Sigma-Aldrich, USA).
The negative control group consisted of cells maintained in
culture medium without any treatment.
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2.2. Cell Viability Assay

Cell viability was assessed using Trypan Blue exclusion
staining. For this, an equal volume of Trypan Blue solution
was mixed with the cell suspension. The mixture was then
loaded onto a hemocytometer, and both stained (non-
viable) and unstained (viable) cells were counted. Viability
was calculated by subtracting the number of blue-stained
cells from the total cell count, dividing the result by the
total, and multiplying by 100 to obtain a percentage. All
experiments were carried out in triplicate, including three
biological replicates. Statistical significance was analyzed
using the Student’s t-test in GraphPad Prism version V.

2.3. The determination of immunomodulatory activity

After a 24-hour incubation with different gabapentin
concentrations, cell culture supernatants were collected.
Cytokine quantification was performed using ELISA kits
from BD Biosciences (CA, USA), specifically IL-12p40
(Cat. No. 555220), GM-CSF (Cat. No. 555126), TNF-a
(Cat. No. 555212), and IL-6 (Cat. No. 555183). In brief,
ELISA plates were pre-coated with specific monoclonal
antibodies for each cytokine and incubated overnight. After
incubation, the collected supernatants were transferred
into the antibody-coated wells and further incubated for
24 hours. Following this, the wells were emptied, and
100 puL of TMB substrate (555214, BD Biosciences, USA,
USA) was added for 1 hour. To terminate the colorimetric
reaction, 1 M sulfuric acid (339741, Sigma-Aldrich, USA)
was applied. Absorbance was then read at 450 nm using
an ELISA microplate reader (BioTek® 800 TS Absorbance
Reader, USA). Cytokine concentrations were calculated by
comparing the absorbance values with a standard curve.
For statistical analysis, the Student’s t-test was performed
using GraphPad Prism Version 10.0 [10; 11].

Ethical considerations

This study was conducted using established murine
macrophage cell lines (J774.2) obtained from a certified
cell repository. No human participants or experimental
animals were involved in this research. Therefore, approval
from an institutional ethics committee was not required.
All animal experiments were conducted in accordance with
the European Convention for the Protection of Vertebrate
Animals (Strasbourg, 1986) and applicable ethical guidelines.

Research results and their discussion

3.1. Gabapentin was used at non-cytotoxic concentrations

Trypan Blue staining was performed to assess the
viability of J774.2 macrophages following exposure to
varying concentrations of gabapentin, with or without LPS
stimulation (Fig. 1). No significant differences in cell viability
were observed between treated and untreated groups at
concentrations ranging from 1 to 10 ug/mL. Therefore, these
doses were deemed non-cytotoxic for the cells.

3.2. Gabapentin had anti-inflammatory effects on
J774.2 cells

Immunomodulation refers to the ability of a compound
to alter immune cell activity by enhancing or suppressing
the production of pro- or anti-inflammatory cytokines. To
assess the immunomodulatory potential of Gabapentin
on macrophages, cytokine levels of IL-6 (Fig. 2), TNF-a
(Fig. 3), IL-12p40 (Fig. 4), and GM-CSF (Fig. 5) were
measured in J774.2 cells. Upon LPS stimulation, the levels
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Fig. 1. The cell viability results upon incubation
with Gabapentin

of IL-6, TNF-a, and IL-12p40 showed a marked increase,
confirming the activation of the inflammatory response.
However, Gabapentin treatment — especially at higher
concentrations — resulted in a significant, dose-dependent
decrease in cytokine production. Notably, cells treated with
Gabapentin alone did not show any significant cytokine
elevation, indicating that the drug itself does not provoke
inflammation. These findings suggest that Gabapentin
can attenuate LPS-induced inflammatory signaling in
macrophages, supporting its potential role as an anti-
inflammatory agent with immunomodulatory properties.

Gabapentin, initially developed for neuropathic pain
and seizure control, is gaining increasing attention for its
potential immunomodulatory effects beyond the central
nervous system [12; 13]. As neuroinflammation has been
identified as a key contributor to many neuropsychiatric
and neuropathic disorders, exploring how gabapentin
influences immune cell function is crucial to understanding
its broader therapeutic utility.

:
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»N
§ 8 3
L]
.

Fig. 4. The production levels of IL-12p40 in J774.2 cells
in the presence of in the presence or absence of LPS
(*-p<0.001, ** —p <0.0005, N = 3)
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Fig. 2. The production levels of IL-6 in J774.2 cells

in the presence of in the presence or absence
of LPS (* — p <0.001, ** — p < 0.0005, N = 3)
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Fig. 3. The production levels of TNF- a in J774.2 cells
in the presence of in the presence or absence of LPS
(* —p <0.001, ** —p < 0.0005, *** —

p <0.0001, N =3)
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Fig. 5. The productlon levels of GM-CSF in J774.2 cells
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in the presence of in the presence or absence of LPS

In this study, we investigated the effect of gabapentin
on LPS-induced cytokine production in the murine
macrophage cell line J774.2. Using ELISA, we quantified
the levels of IL-6, TNF-a, IL-12p40, and GM-CSF. As
expected, LPS stimulation led to a marked increase in
IL-6, TNF-a, and IL-12p40 levels, confirming macrophage
activation. Co-treatment with gabapentin resulted in a dose-
dependent suppression of these cytokines, with the most
significant inhibition observed at 10 pg/mL. In contrast,
GM-CSF levels remained unchanged across all conditions,
suggesting a selective modulation of inflammatory
pathways.

IL-6, a key mediator of the acute phase response and
chronic inflammation [9], was significantly reduced at the
highest gabapentin dose, while lower concentrations (1 and
5 pg/mL) showed more moderate effects. These results
support earlier findings that gabapentin may downregulate
IL-6 via glial and macrophage pathways [14].

Similarly, TNF-a, which plays a central role in initiating
inflammatory cascades [15], showed a significant dose-
dependent decline, with 10 pg/mL gabapentin producing
the most pronounced reduction. This is consistent with
previous in vitro studies demonstrating gabapentin’s ability
to suppress TNF-a in activated macrophages [15].

Gabapentin also suppressed IL-12p40, a subunit of
IL-12 and IL-23 involved in Thl immune responses and
autoimmune pathogenesis [16]. The downregulation of
IL-12p40 suggests that gabapentin may attenuate Thl-
driven inflammation, further supporting its potential in
modulating cellular immunity.

In contrast, GM-CSF, a critical hematopoietic growth
factor and cytokine essential for macrophage differentiation
and survival, did not exhibit significant changes upon
gabapentin treatment. The consistent GM-CSF levels
across all doses indicate that gabapentin does not
interfere with macrophage proliferation or viability,

Not applicable.

and its immunomodulatory effects are likely limited to
inflammatory signaling rather than affecting cellular
maintenance pathways [8].

Conclusions

In summary, our findings reveal that gabapentin
can selectively inhibit pro-inflammatory cytokines such
as IL-6, TNF-o, and IL-12p40 in LPS-stimulated
macrophages, while leaving homeostatic cytokines like
GM-CSF unaffected. These data highlight gabapentin’s
potential as an anti-inflammatory agent in immune-
mediated or neuroinflammatory conditions. Future work
should explore the underlying molecular mechanisms —
particularly involving NF-kB or MAPK pathways — to
further clarify gabapentin’s role in immune regulation.
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JIATHOCTHUKA, PAKTOPU PUSUKY TA BATATOPAKTOPHA MOJIEJIb
IHPOTI'HO3YBAHHA TAKKOI'O IIEPEBITY JIEITOCHIPO3Y

TepHomninbchbKuil HaliOHANBHUH MequuHUN yHiBepcuTeT imMeHi . S1. [opbaueBchkoro
MiHicTepcTBa OXOpOHH 30pOB’st YKpainu, TepHomninb, YKpaina

VYIK 616.98:579.882.11;616.9-07;616-036.8

0. JI. Isaxis, A. C. Ceepcriok, H. }O. BumineBcbka, 0. A. BuniHeBcbka

JIATHOCTHUKA, PAKTOPU PU3BUKY TA BATATO®AKTOPHA MOJEJIb ITIPOI'HO3YBAHHSA TAKKOI'O IIEPEBIT'Y
JIENTOCHIPO3Y

Tepuoninbcokuii HayioHanvHull MeouuHuil ynieepcumem imeni 1. A. Iopbauescokoeo Minicmepcmea oxoponu 300poé’s Yxpainu, Tepro-
ninw, Ypaina

[MpoananizoBano KiiHiYHI Ta 1abopaTopHi AaHi 60 MAIli€HTIB 13 JENTOCTIPO30M. 32 IOTIOMOTOI0 6araTro(hakTOPHOTO PErPeCiitHOTO MiIX0Ly
OLIHEHO Pi3Hi MapaMeTpu XBOPHX IS BUSBICHHS HE3aNSKHUX MPEAUKTOPIB THKKOCTI nepediry iHdexiil.

IneHTH(iKOBaHO KIIFOYOBI MPEIUKTOPH TSHKKOTO Hepediry sentocmiposy. J1o HUX HalexkaTh: CE30HHICTh, OYATKOBHI JiarHO3, OJII0BaH-
Hi1, OUTh y JTUTKOBHX M’s13aX, CEpOBap JICNITOCHIp, BiK MAIi€HTA, Yac MOYaTKy aHTHOIOTHKOTEPAIii, pO3MipH MEYiHKH Ta CEJE3iHKHU, KUTbKICTh
MaTNYKOsAepHHX NeiikonuTi, Benmunna [IIOE, HasBHICTb oiroanypii, KibKiCTh €PUTPOLUTIB i OiNka B ceui.

Po3po0iteni anropuT™ i MaTeMaTHyHa MOJZENb JAl0Th MOMKIMBICTh BYaCHO OI[IHMTU PU3UK PO3BHTKY TSDKKOTO IIepediry JenTocHipo3y,
MPH3HAYUTH a[JCKBATHY TEPAIIIO 1 3aM00IrTH HECIPUATIMBAM HACITIIKAM, 3HH3UTH JICTAIBHICTb.

KuiouoBi ciioBa: enTocmipos, [iarHoCTHKa, TPOrHO3YBaHHs, 6araTo(hakTopHa MOJEb.

UDC 616.98:579.882.11;616.9-07;616-036.8

O. L. Ivakhiv, A. S. Sverstiuk, N. Yu. Vyshnevska, Yu. A. Vyshnevska

DIAGNOSIS, RISK FACTORS, AND MULTIFACTORIAL MODEL FOR PREDICTING SEVERE
LEPTOSPIROSIS

Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

Introduction. Leptospirosis is a common zoonotic infection with high mortality. Despite increasing incidence, diagnosis and severity
assessment remain inadequate due to varied clinical signs and limitations of current diagnostic methods.

The aim of this study was to stratify the risk coefficient for an unfavorable course of leptospirosis based on a developed mathematical
prediction model.

Materials and methods. Clinical and laboratory data from 60 leptospirosis patients were analyzed using multifactorial regression to
identify independent predictors of severe disease.

Results. Significant predictors of severe leptospirosis included: seasonality, initial diagnosis, vomiting, calf pain, serovar type, age,
delayed antibiotic therapy, hepatosplenomegaly, neutrophil count, ESR, and urinary changes (diuresis, erythrocytes, protein). The regression
model showed high prognostic value for early detection of patients at risk of severe disease.

Conclusions. The proposed algorithm and model enable reliable early assessment of severe leptospirosis risk, support timely treatment,
and help prevent complications and reduce mortality.

Keywords: leptospirosis, diagnosis, prediction, multifactorial model.

Beryn 3nopoB’s. IllopiuHo peectpyerbes Onusbko 1,03 miH
Jlentocmipo3 — ofHa 3 HalimommMpeHimMX y CBiTi BUNAIKIB 3aXBODIOBAHHSA, 3 HHX 58 900 3aBepuryroTbcst

300HO3HHX iH(EKLH, O CTAHOBHTH 3arpo3y 3I0POB’I0 JIETATBHO. Oco06muBo BHCOKa 3aXBOpIOBaHiC"TI> HAa JICIITOC-
Ta KHTTIO JHOTEH i € TATApeM [T DIOGANbHOT oxopomn P03 BIISHAYAETLCA B KpaiHax JlatnHCcbKOT AMEpUKH Ta
[TiBnenHo-CxinHoi A3ii [1-3].

Harenep B YkpaiHi nmpobiema jienTocmipo3y HaJa3BH-
yaifHO akTyasbHa. Emigemiosnoriyaa cutyaris B Kpaifi 3Ha-
© O. JI. Isaxis, A. C. CeepcTiok, H. 1O. BuniHeBcbka Ta iH., 2026~ THO YCKIaAHHIIACH 3 IIOIaTKOM LIIPOKOMACIITA0HOT BIHHH.

CyTT€BO MiABHOIMBCA PHU3HK iH(IKYBaHHS JICTITOCIIPAMHU

) ) HE JIAIIEe NWBITBHUX JIIONEH, a ¥ BifICHKOBOCITY)XOOBIIIB,
CraTTs MOMMPIOETHCS HA YMOBAX JIEH311 B
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0C00/MBO B IPU(POHTOBUX PEriOHAX Yepe3 HEMOXKIIUBICTh
JOTPUMYBATHCSl CaHITAPHUX HOPM, IMOTEHIIHHUN KOHTaKT
i3 TpU3yHaMH, SIKi € JDKEPENIOM 1 pe3epByapoM 30y/IHUKIB,
KOPHCTYBaHHS BOJOIO 3 BIIKPUTHX BOJONM, 3a0pyAHEHHX
Ceuero TpHU3yHiB, Tomo [4—6].

3a mepmi Bicim MicsaniB 2024 poky B YkpaiHi 3apee-
crpyBasi 230 BUIIAKIB JIENTOCIIpO3Y, 110 Ha 63 % Oinblre
MOpIBHSAHO 3 aHanorivHuM mepiogom 2023 poky. Oco-
OJMBO BHCOKI TIOKAa3HUKH 3aXBOPIOBAHOCTI OyJH B CEpITHI
(83 Bumazakm). Perionamu 3 HaHOUTBIIOK KITBKICTIO XBO-
pux cranu YepHiriBchka Ta TepHOMiNbChKa 00macTi [7].

KiiHiuHI mposSBU JICOTOCHIPO3y HAA3BUYAWHO DIi3HO-
MaHITHI — BiJl JIETKOTO Karapy BEPXHIiX JTUXAJIbHHUX LUISXIB
JI0 TSDKKUX (DOPM i3 TOCTPOIO HUPKOBOIO HEJOCTATHICTIO,
IHTEHCHBHOIO JKOBTSIHHICI0O Ta BUPAXKEHHM TIeMoparid-
HUM CHHAPOMOM, 10 B 10—15 % BHUIAAKIB 3aBEpIIYETHCS
nerainbHoO [1; 8; 9]. B YkpaiHi 3aXBOproBaHHs Ma€ TSHKKHAN
mepebir y moHan 70 % rocmiTani3oBaHUX XBOPHX 1 MOXeE
moTpeOyBaTH peaHiMallifHOrO BTpydaHHs. JleTanmpHICTH
BiJl JIETITOCIIPO3y CTaHOBUTH Omm3bK0 20 % [7].

CygyacHa mabopaTopHa IiarHOCTHKA JICITOCIIPO3Y
TPYHTYETBCS HA CEPONIOTIYHMX TECTaX, 30KpeMa peaxiii
anmotuHanii-msucy (PAJI) i3 menrtocmipaMu, i MOJEKy-
JISIPHO-TEHETUYHUX METOAaX, AK-OT IOoNiMepa3Ha JIaHIo-
roBa peakuis (ILJIP) [10-11].

[IBuKe BUSBICHHSI XBOPHX 13 BUCOKHM PU3UKOM TSXK-
KOTO Tepediry JISNTOCIIPO3y € HaA3BUYAHHO BaXKIHBHM,
OCKUIbKM TakKi Mali€HTH MOTPeOyIOTh HEraitHOI IHTEHCHUB-
HoOi Teparii Ta moctiiHoro MoHiTopuHry. ®akTopu, BiHo-
BiJJaJIbHI 32 MOMKJIMBUH PO3BUTOK TSHKKHX (POPM JIETITOC-
mipo3y, Hapasi 4iTko He BcraHOBiIeHi [12—13]. Ha mymky
0aratb0X KITIHIOWCTIB, BOHU TOB’S3aHI K i3 30yAHUKOM
(BipynenTHicTh mramy Leptospira, Bennunna iH}iKyBamb-
HOI I03U Ta iH.), TaK i 3 rocmogapeM (TEHETUYHA CXUJIb-
HICTB, CYITyTHI 3aXBOPIOBAaHHS TOIIO).

Haremep, 3a manumu 0ararbox 3apyOiKHHX HayKOB-
uiB, mamunHe HaB4anHs (MH) i mu6Goke Hapyanus (I'H)
CTaJM TOTY)KHHUMH IHCTPYMEHTaMH Yy cdepl BHSBICHHS
Ta JIKyBaHHS pi3HHUX 3axBopioBasb [14]. MH nependauae
HaBYaHHS KOMII FOTEPIB 3aCTOCOBYBATH MHHYJIUH JTOCBil
JUISl BUPIIICHHS HOBUX INPOOJIEM, BUKOPHCTOBYIOUH ajro-
PHUTMHU, SKi JAIOTh MO>KJIMBICTD MAIlIMHI BUSBIISTH 3aKOHO-
MIpPHOCTI, Ha MiICTaBI OTPUMAaHUX JaHUX IPOTHO3YBATH U
BHPOOIATH OOTPYHTOBAHI PIlIICHHS.

Mono nenrroctiposy, To MH Moke aHami3yBaTH errie-
MIOJIOTIYHY CHTYyaIlil0 IIO0 XBOpOOW Ha MEBHIH TEPHUTO-
pii, BeMKi 00’ €eMU KITHIYHHX 1 TaOOPaTOPHUX NaHUX, 00
BHUSIBUTH 3aKOHOMIPHOCTI Ta B3a€EMO3B’SI3KH, SIKUX HE 3Ha-
XOJISITh 32 JOIIOMOTOI0 TPAIMLIHHUX CTaTUCTUYHUX METO-
niB [14—16]. Ls MOXITUBICTB € OCOOJINBO LIHHOIO B YMOBax
00MEKEHOT0 JOCTYITY J0 CYY4aCHHX METOJIB Creru(piaHOT
JIarHOCTUKU XBOPOOH, OCKUIBKH J]a€ 3MOTY PaHille i TOY-
HIIIE BCTAHOBUTH JiarHO3 JICTITOCIIPO3Y, CKOPOUIYIOUH 4ac
JI0 TIPU3HAYEHHS aJeKBAaTHOTO JIKyBaHHS, 110 TOKPAIINTh
Horo pe3ysbTar.

MozienmoBaHHSI MOXKIIMBOCTI PO3BUTKY TSDKKHX (hopm
JIENTOCHIPO3y € MEePCHEKTHBHAM HAMpsIMOM Yy KITiHIYHINA
ingexTomorii. Po3poOka i 3acTocyBaHHS MPOTHOCTHYHHUX
MoJeNeil TaloTh 3MOTY 1AeHTH(IKyBaTH MAIi€HTIB i3 BUCO-
KHM PU3UKOM PO3BHTKY YCKIAIHEHb ILe Ha paHHIX CTa-
JISIX 3aXBOPIOBaHHS, L0 Ma€ BHUpIIIAIbHE 3HAYCHHS JJIs

KJITHIYHA IIPAKTHUKA

cBoeuacHoi onTuMizanii Tepamii. Taki Mozeni 3a3Buuaii
IPYHTYIOTbCSL Ha Oararo)akTopHOMY aHali3i, IO OXOI-
JIFOE €Mi/IeMIOJIOTIuHI AaHi, KIIHIYHI TPOsSBH, J1abopaTopHi
MOKa3HUKH Ta JieMorpadiyHi XapaKTepUCTUKH Malli€HTIB.
BukopucTaHHs CTaTHCTHYHUX METOIB, SIK-OT MHOKUHHUH
perpeciiiHuil aHami3, Ja€ MOXKIHUBICTh KUTbKICHO OI[IHUTH
BIUIMB KOXKHOTO (haKTOpa PH3UKYy Ha HMOBIPHICTH PO3-
BUTKY HECHpHUATINBOTO mepediry indexkmii [16; 17]. TIpo-
THOCTHYHI MOJIEJi CHPHUSIOTH ITiIBUIICHHIO TOYHOCTI Jia-
THOCTHKH JIENITOCIIpO3y, iHAWBiAyami3amii JiKyBaHHS Ta,
SIK HACTIIOK, 3HMKCHHIO MOKa3HUKIB 3aXBOPIOBAHOCTI Ta
CMEPTHOCTI BiJ 1€l XBOPOOH.

Meta. Metoro nociimkeHHs Oyia cTpatudikaiis Koe-
¢inieHTa pU3MKY HECHPUATIMBOIO IMepediry Ha paHHIiX
cranisx jgentocniposy (KPHILT) na ocHoBi po3poOieHoi
MareMaTHYHOI MOJIEINi IPOrHO3YBaHHSI.

Marepiaau Ta MeTOIM J0CTiTKEHHS

[Ipoanamizopano 60 MeTUYHUX KapT CTaIliOHAPHOTO
XBOPOTO TAIIIEHTIB 13 JETTOCIIPO30M CEPEIHBOTO Ta TSK-
KOTO CTymeHiB, ski 3 2020 mo 2025 pik mepeOyBanu Ha
CTaIllOHApHOMY JIKyBaHHI B IH(EKIIHHUX BiIIiUIEHHIX
KHIT «TeprHominechkuii perioHanbHUN (DTH310MYIBMOHO-
soriunuii Mmeauunuit neatp» TOP 1 KHIT «TepHominbchbka
MicbKa KJIIHIYHA JIIKQpHS IIBHJIKOI JOIOMOTIH», & TaKOX
y HehpOJOTIYHOMY Ta peaHIMaliiHOMY BiITUTICHHIX
KHII «TepHominbecbka obmacHa KimiHiuHa JikapHs» TOP.
BKJItoYeHHs MauieHTiB y MOCIIJUKEHHS 3/iHCHIOBAIN 3a
KPHUTEpisMH, 10 3a0e31edyBalld OIHOPIIHICTh BUOIPKH 3a
TSDKKICTIO XBOPOOH, IMiATBEpKEHOI criennpidyHuMHU 1a0o-
PaTOPHUMH METOIAMH.

Lle mocmimKeHHs1 MPOBEICHO MICI CXBAJICHHS KOMiTe-
toM 3 etuku JroguHEn THMY imeni 1. 5. Top6adeBcbkoro
MO3 VYkpainu (mpotokon Ne 14 Bix 23 muctonana 2021 p.).
[MamienTn Hagamu iHGOpMOBaHy 3rofy Ha 0OpPOOKY iX mep-
COHAJIbHUX JaHHX.

CraructuuHy 00poOKy OTpUMaHHX Pe3yNbTaTiB JI0Ci-
JUKEHHSI 3[IMCHIOBAJIM 3 BUKOPUCTAHHSIM CTaTUCTUYHOTIO
nakera Statistica 10.0 i TabmuuHoro pepakropa Microsoft
Excel 2007.

Sk maremarnuHy Moznenb Oylo 3acTOCOBAaHO METON
perpeciitHoro anamizy [16], skuii &a€ MOXJIMBICTH 3a
JTAHUMH KOe(iILli€HTIB perpecii Ta 3HaueHb (PaKTOpiB PH3HKY,
1110 MaOTh CTAaTHCTUYHO JOCTOBIPHUH BIUIMB HA HECTIPUSIT-
TUBHN Tepedir JenToCHipo3y, BHABUTH 3aJCKHICTH MK
HMMH Ta CIIPOTHO3YBAaTH HMOBIPHOCTI PO3BUTKY TSDKKHX
(hopM XBOpOOH 3 MOMKITBHM JIETATHHUM HACITIIKOM.

Jlis OILIHIOBAaHHS SIKOCTI perpeciiiHoi momeni Oyio
pEeTEIbHO  MPOAHATI30BAHO  3AIMIIKOBI  BIAXHIICHHS.
30Kkpema, TSt IePEBiPKH HOPMATBHOCTI PO3MOILTY 3aJHIII-
KOBHX BIJIXMJICHb MMOOYIOBAHI iX TricTOrpama, a Takox HOp-
MaJlbHO-WMOBipHiCHHH Tpadik. Lle € KpUTHYHO BaXKINBUM
JUISL TIATBEP/KEHHSI KOPEKTHOCTI 3aCTOCYBaHHS perpecii-
HOTo aHawi3y. /Iy mepeBipky He3aJeKHOCTI 3aIMIIKOBUX
BIIXHJICHB BiJl IPOrHO30BAHUX 3HAYCHb i BUSBIICHHS TOTCH-
HiHUX 3aKOHOMIPHOCTEH, 1110 MOIIIH O BKa3yBaTH Ha ITOpY-
IIICHHS TPUITYIIEHb MOJIENi, CTBOPIOBAJIH JiarpaMmy po3ci-
toBaHHA. Jl0MaTKOBY OIIIHKY SKOCTI MaTeMaTHIHOI MOl
MIPOBOAMIIN 32 JOMIOMOTOIO aHallizy KoedimieHTa neTepMi-
Harii Heitmkenkepka (R2) [17]. Llel moka3HUK XapaKTepu-
3y€ YaCTKy AUCHEPCil 3aIeKHOT 3MIHHOT 1 € BaYKJIMBUM KPH-
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TepieEM MOSCHIOBAIBHOI 37aTHOCTI Mozeni. [IpuiiHATHICTD
mozeni uist porHosyBanuss KPHITJT ouintoBanu 3a pormo-
Moroto aucnepciiiHoro anamizy (ANOVA), sikuii 1ae 3Mory
BU3HAYMTH CTATUCTUYHY 3HAYYILICTh MOJEINI 3arajom Ta ii
3[IATHICTH MOSICHIOBATH BapiaOeIbHICTh 3AJICKHOT 3MIHHOT.

PesyabTaTi gociaiizkeHHs Ta iX 00roBOpeHHs

XBopi OyITH rocITiTaNi30BaHi 31e0LTBIIOro Ha 4-9-i 1eHb
Hemyru — 32 marmientn (53,3 %), 16(26,7 %) — no 4-ro mHs,
a pemra — 12 oci6 (20,0 %) — micis 10-ro oS Big modaTky
3aXBOPIOBAHHSL.

Cepel rocrmiTami30BaHHX YOJOBIKH CTAHOBWJIA O1b-
mricth — 48 ocid (80,0 %), xinok Oymo 12(20,0 %). Leit
TeH/ICPHUI PO3IOALI BIAMOBIAAE €MiIeMiOIOTiYHUM 0C00-
JIUBOCTSIM JICHITOCIIPO3Y, SIKMH YacTille PEeeCTPYETHCS
B YOJIOBIKIB 4epe3 ix mpodeciiiHy nisuibHicTH abo x00i,
IOB’5I3aHi 3 KOHTAKTOM i3 3a0pyJHEHOI0 BOJOIO Ta IPYH-
ToM. Posmnozin 3a MiciieM mpokuBaHHS OyB Maiike piBHO-
MipauM: 52,0 % mali€eHTiB MPOKUBAIM B CIIBCBKIH Mic-
nesocTi, a 48,0 % — y micrax. XBopi Oynu BikoM Big 18
1o 69 pokiB, TOOTO HaleXKadl 0 HAHOUTBII aKTUBHOI Ta
Mpane3aaTHol YaCTHHH HACENIEHH, SKa CXWIbHA 10 1H)i-
KyBaHHS JenTocmipamu (puc. 1).

Bumagku nenTocmipo3y peecTpyBadM IEpPEBayKHO
B JITHBO-OCIHHIN mepion. HaliBuiry 3axBOprOBaHICTh Bij-
3Hayany Big cepnHs no jgucronax — 60,0 % Bunanxis. Lle
MO’KHA TIOSICHUTH Ti/IBUILICHOIO aKTUBHICTIO HACEJICHHS Ta
OUTBIIOK IMOBIPHICTIO KOHTAKTYBaTH 3 JDKeperamu 30yi-
HUKa, IIOTEHIIHHO 3apa’keHUMH BOJOMMaMH TOIIIO.

VY momanpmioMy B TAlLli€HTIB 3’SCOBYBAJIM MOXIIHBI
LUISXH 3apakeHHs Jentociipamu. Yacto B omHiei ocobu
TaKUX OUIIXiB OyJ0 [eKijgbKa. BCTaHOBIIEHO, IO OCHO-
BHUM MOXKJIMBUM HIIIXoM iH(pikyBanHs (80,0 % Bunakis)
ITiJ] 9aC BHKOHAHHS TOCIONAPCHKUX poOiT OyB KOHTAaKT i3
MpeaMeTaMy, 3a0pyIHEHNMH CE4Yer0 TPU3YyHIB. [HIMMMH
MOXKJIMBHMH IIIIXaMHU 3apaKeHHS Oy/n KylaHHS y BOAOMH-
Max 1 pubonosns (o 20,0 % BuUNanKiB), yKycH IpH3YHIB
i mepeOyBaHHS B MMOJBLOBHUX YMOBAX, 1¢ Oynu rpusyHH (1o
8,0 %). BaxxnuBo Bin3HauuTH, mo y 36,0 % XBOpHX BUSB-
JIEHO TIOIIKO/DKEHHS IIKIPH PYK, SKI MOIVIM CIIyTyBaTu
BX1JTHUIMH BOPOTaMH JUJISL JIEITOCTIIP.

XBopi (60,0 %) Manum TaKy CyNyTHIO MaTOJIOTiO:
MeTaboJliyHa Kap/ioMiomarisi, XpOHIYHHH MaHKPEaTHT i3
MOPYLIEHHSIM CEKPETOpHOi (yHKIIi, TIlIOXpOMHa aHeMis,
apTepiaibHa TiNepTeH3is, XPOHIYHUN TenaTuT, IyKPOBHUM
niaber II Tumy.

Kniniyanii  mepebir 3axBOpIOBaHHS JEMOHCTPYBaB
3HayHM# noniMopdizMm. y 32,0 % BumanxiB crioctepirain
THUIIOBUI BapiaHT — TOEIHAHHS TapS4KH, JUCIECICHYHHX
MpOsIBiB, OOJIB y JTUTKOBUX M’f3aX Ta O3HAK PEHAIEHOTO
abo remaropeHanpHOTO cHHApoMy. Haromicts y 68,0 %
MAIiEHTIB 3aXBOPIOBAHHS IMITyBajlo IHII MaTOJOTIUHI
CTaHHM, IIO0 YCKJIAJHIOBAIO CBO€YACHY JiarHOCTHKY.
3okpema, y 28,0 % xBOpHX JIENTOCIIpO3 mepebirap Ha
KIITAJIT TOCTPOro pecriparopHoro 3axBoproBanus (I'P3),
y 20,0 % — nHeBMoHii, y 12,0 % — BipyCHOro remaTury,
y 4,0 % — nedponarii Ta y 4,0 % BHUIAAKIB — MaTONOTIi
IIJTYHKOBO-KHIIIKOBOTO TPAKTY.

HajtuactimmMu  3apeecTpoBaHMMH B IAIEHTIB
cuMmntomamn Oyim: rapsaka (92,0 %), 3aranpHa crna-
oictp (88,0 %), 6om B muTkoBHX M’si3ax (68,0 %), mmc-
METNICHYHI TPOsiBH (HYHOTa, ONIOBaHHA, O y JKUBOTI,
44,0 %), temHO-KOpHUHeBHH Komip ceui (48,0 %), xoB-
maauns (30,0 %), cyxicts y poti (36,0 %) i romoBHHI
616 (24,0 %). 3 6oky cedoBuninbHOI cucremu y 60,0 %
XBOPHX BiJ3HA4Yanu ojiroanypiro, a y 8,0 % ocid mix
yac rocmitaiizauii criocrepirany noniypito. 301IbIIeHHS
MEeYiHKM JiarHOCTOBAHO B YCIX MAI€HTIB, CEJE3iHKU —
y 34(56,7 %). y 15(25 %) xBopux Oyau HposiBH remMopa-
TIYHOTO CHHJIPOMY — IeTeXii Ha MIKipi Ta KPOBOBWIIMBU
B MICISX iH €KIii Ta KOH IOHKTHBH, HOCOBI KpOBOTEHI,
a TaKOXX MOPYLICHHsI 3rOPTaHHS KPOBI.

V 3aranpHOMY aHami3i KpOBi Big3HaYalld JICHKOIIMTO3
1o 27,39 x 10'? 1/n, manuukosinepuuii 3cyB — y 40 oci6
(66,7 %), TpomboINTOTIEHIT0 — Y 15(25 %), CyTTEBO 3011~
meHy HIOE no 52 mm/ron — y 50 %. PiBeHb ceuoBuHH
B KpOBi B 00cTexeHux OyB Bif 7,3 0 41,2 MMOIb/J, Kpe-
aruHiny — Big 117 mo 892 mxmons/n. y 18(30 %) marien-
TiB 1larHOCTYBAJIH XKOBTSHUYHY hopMy JenTocmiposy. [1in
yac rocmitaiizanii piBeHb OUTIpyOiHYy B KpOBI Nalli€HTIB
craHoBuB Bif 40 1o 429 MKMOINB/J, EpeBaKHO 3a paxy-
HOK TIpsiMoi ¢pakuii, BoxHouac akTuBHICTE ANAT 1 AcAT

-5 d= 13073, p= 30
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Puc. 1. Po3noxija nmauicHTiB 32 BikKoM
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mume B 10,0 % oci6 nepeBuinyBana Hopmy B 10 pasis,
a B pemiTd B cepenHboMy cTaHoBmia (118,4 + 24.8)
i (155,8 + 26,3) On/n BiamoBimHO. 3MiHM B cedi (miypes,
HASBHICTh EPUTPOIIMTIB, JICHKOIIUTIB, KUTBKICTh OiIKa) Bij-
3HAYCHO Yy BCIiX MAIli€HTIB.

JiarHo3 nenTocmipo3dy MiITBEPIHKEHO TabopaTopHO,
3ne6inpmroro (93,3 %) 3a monomororo PAJI i3 nenrroctiipamu.
Kpim Toro, Ha paHHIX CTaJisX 3aXBOPIOBaHHS, KOJH aHTH-
TiNa IIe MOXYTh HE YTBOPUTHCS, BHUKOpucToByBamm [1JIP
kpoBi st BusBnerHs: JJTHK nenrroctip (y 56,7 % Bunankis).

Yeim mamnienTam ofpasy npru3Hadaid aHTHO10THKY — rieda-
nocriopun (tiedimim, 1edazomis; redorpum, edTH3nIIM);
NAaTOreHETHYHY Teparito (JIe31HTOKCHKALIfHI  CepeIHUKY,
DJTFOKOKOPTHKOIIHU, CEYOTIHHI, aHTUTEMOpAriuHi 3aco0u).

Meron OGararo)akTOpHOTO MaTeMaTHYHOTO aHalizy
JlaB 3MOT'y CTBOpUTH Mopenb nporrozyBanHs KPHIIJI nHa
OCHOBI CITUILHOTO BILJIMBY HU3KHM €IiJIeMiOJIOTTYHUX, KJIi-
HIYHUX 1 7a0OpaTOpHHUX ITOKA3HUKIB, iJEHTH(IKOBAaHUX
y TAIiEHTIB.

Jnst moOymoBH MaTeMaTHYHOI MO HPOrHO3YBaHHS
BiZliOpaHO WMOBipHI YMHHUKMY, 0 BrutiBaroTh Ha KPHITIL.
y TPYITy He3ale)KHUX MPEIUKTOPIB BKIFOUMIN SKiCHI (pak-

KJITHIYHA IIPAKTHUKA

TOPH PU3UKY MPOTrPEeCyBaHHs 1 BCTAHOBWJIM IX Ipajallito
i3 YHCJIOBUX 3HAYCHb: CTaTh, MICICBICTh MPOKUBAHHS,
CE30HHICTh, HASBHICTb CYIIyTHBOI I1aTOJIOTIi, ITOYaTKoO-
BUH J[IarHO3; CKapru IIiJ| 4ac TOCHiTali3allii: rapsdka,
HY/IOTa, ONOBaHHS, OUTh Y JUTKOBHX M’si3aX, TOJIOBHHU
0inb, 3arasibHa CIA0OKICTh, KOJIp HIKIpH Ta Cedi, cepoBap
JIETITOCTIIP; 1 KUTBKICHI: BiK, TPUBATICTh CHMIITOMIB IO TOC-
TmiTamizamii Ta MpU3HaYCHHS aHTUOI0THKOTEpatii, po3Mipu
MEYiHKA Ta CeNe3iHKH, KUTBKICTh JICHKOIMTIB (OKpeMo
nannakosiiepanx), tpombonwmtis, LIOE, piBeHs kpeaTtn-
HiHy Ta CEUYOBHHHU B KpOBi; 3MiHH B c€4i — Iiype3, HasB-
HICTh €PUTPOIIUTIB, JIEUKOITUTIB, KUTBKICTh OiTKa.

3a nonomoror 6aratohakToOpHOTrO perpeciiHoro aHa-
ni3y BUAUIEHO 14 HaWOUIbII 3HAUYHIIMX (DAKTOPIB PU3HKY,
3a SIKUMH MO)KHA TPOBECTU HMPOTHOCTUYHUM aHali3 HMo-
Biprocti KPHILJI (ta6m. 1).

HactynuuMm eranom Oyio BCTaHOBJIGHHS BiHOCHOI
BaXJIMBOCTI (akTopi y nporao3yBanHi KPHILI i3 Bu3Ha-
4eHHAM KoeQilieHTiB perpecii Beta, ski BimoOpaxaroTsh
JUISL KOOKHOTO BKJIFOYSHOTO B aHaNi3 (pakTopa BiXHOILCHHS
II0I0 LIAHCIB BIUIUBY Ha PO3BHTOK HECIIPUATIUBOTIO IIepe-
Oiry jmenrrocmipo3y B 00CTeKEHHX MarlieHTiB (Tad. 2).

Tabmms 1
®axrtopu puznky BunnkHennss KPHILJL, ix ingexcanis
‘YmoBHi no3HayeHHs dakTopiB @ A YmncnoBi 3HAYEHHS
@ ol . aKTOPHI Aiana3oHM Ta HA3BH
AKTOPH y MaTeMaTH4Hiil Mogeti . L (dakTopHuX
iX MOKIMBHX BapiaHTiB . .
MPOTHO3YBAHHS aiana3oHiB
1 2 3 4
18-25 1
. 2644 2
Bix, poxu X1 2560 3
61-75 4
T . . Jo 3 1
pl/lBaJ'Il(-ZTb (;I/IMI'.I:FOMIF X2 4_9 2
JI0 TocmiTanizaumii, 1Hi —
10 i Ginbire 3
JIETITOCTIIPO3 0
I'P3 1
AV i 2
Ilonepenniii qiaruo3 X3 [HeBvomA
renaTuT 3
Hepur 4
1HIIII XBOpOOU 5
bmroBanHs X4 HeMae 0
€ 1
Bouti B TUTKOBHX X5 HEMae 0
M’s13ax € 1
Jiype3 TocTaTHIl 0
Outiroanypist X6 OJIirypis 1
aHypist 2
. . 6i 0
Po3mipu neuinku X7 e 3. Rl
30iblIeHA 1
. . 61 0
Posmipu cenesinku X8 e 3. bIIera
30is1blIICHA 1
L. icterohaemorrhagiae 1
L. canicola 2
L. grippotyphosa 3
X -
30ymmmx ? L. hebdomadis 4
L. australis 5
L. pomona 6
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IIpomopxentus Tadnuit 1

1 2 3 4
JIITO 1
OCIHb 2
IT X1

opa poky 0 3UMa 3
BECHA 4
. 105 0
Bincotok 6-10 1
NAJIUYKOSAICPHUX X11 1120 >

JIEUKOLIUTIB —
nonazn 20 3
HOpMa 0
IIOE, mm/rox X12 110 30 Mmm/rox 1
moHaz 30 Mmm/rof 2
KifbKicTh epUTPOLHTIB X13 Jo 3 0
y cedi B T0JIi 30py noHan 3 1
Hassuicts 6inka B ceui X14 Hezlae (1)

Ta6nuis 2

Pe3ynbraTn oTpuMaHHs 3Ha9ymux paxkropis Aas nporunosysanns KPHILJI mix yac npoBenenHs
O0ararogakTopHOro perpeciiinoro anauizy B nporpami Statistica 10.0

Regression Summary for Dependent Variable: KPHILJI (1 in 11)
N = 60 R=,96124760 R?=,92399694 Adjusted R‘.f= ,89808681
F(15,44)=35,662 p<0,0000 Std.Error of estimate: ,26822

b* Std. Err. of b* b Std. Err. of b t(44) p-value

IpenuxTopn 1,14430 0,306425 3,73435 0,000538
X1 0,511273 0,075663 0,02960 0,004380 6,75726 0,000000
X2 —0,214423 0,066120 —0,02767 0,008534 —3,24292 0,002260
X3 0,246339 0,054609 0,11851 0,026272 4,51094 0,000048
X4 0,304314 0,065819 0,68033 0,147146 4,62349 0,000033
X5 —0,607257 0,079747 —1,03276 0,135625 —7,61483 0,000000
X6 —0,393687 0,061093 —0,35955 0,055796 —6,44407 0,000000
X7 0,863418 0,106223 0,83688 0,102958 8,12836 0,000000
X8 —0,386631 0,078429 —0,59904 0,121516 —4,92969 0,000012
X9 —0,317005 0,055383 —0,16370 0,028600 —5,72387 0,000001
X10 —0,282839 0,061589 —0,22758 0,049556 —4,59236 0,000037
X11 —-0,117214 0,048207 —-0,00714 0,002936 —2,43149 0,019177
X12 0,297664 0,053309 0,01139 0,002039 5,58375 0,000001
X13 0,271796 0,051352 0,02897 0,005473 5,29286 0,000004
X14 0,329269 0,058080 1,10412 0,194755 5,66925 0,000001

Tpumimku: b — xoedinient perpecii, Std. Err. of b — crannaptHa nmoxndka, p-value — 3HaueHHs p.

@daxkTopu PpU3KKY, B SAKAX pIBEHb 3HAYYIIOCTI
p-value > 0,05, Oy BUKITIOYEHI 3 aHami3y. PiBeHb 3Hauy-
mocti y 184 daxropis pusuky cranoBus p < 0,05, Tomy ix
OyJ10 BKJIFOYECHO B HaIlly MaTeMaTHYHY MOJIEIb.

Ha ocHOBiI oTpuMaHUX pe3ynasraTiB (Tadn. 2) moodymo-
BaHO MaTeMaTH4YHy Mojeib /st Bu3HadeHHss KPHITII (1):

KPHIUI = 0,02960 x X1 —0,02767 x X2 +0,11851 x
x X3 + 0,68033 x X4 —1,03276 x X5 —0,35955 x X6 +
+0,83688 x X7 —0,59904 x X8 —0,16370 x X9 —
—0,22758 x (X10) — 0,00714 x (X11) + 0,01139 x (X12) +
+0,02897 x (X13) + 1,10412 x (X14) + 1,14430, (1)
ne KPHIIJI — kxoedimieHT pU3UKy HECHPHUSATIMBOTO IIEepe-
6iry nenrocriposy; X1-X14 — dakropu pusuky 3 koedirri-
€HTaMH perpecii.

24

JIst oliHIOBaHHS SKOCTI perpeciiiHoi Mojeni mpoaHa-
J{30BaHO 3AJIMIIKOBI BIAXWIEHHS, 30KpeMa OTPHUMAaHO iX
ricrorpamy (puc. 2). Sk BUIHO 3 TiCTOrpamu, 3aJIMIIKOBI
BIZIXMJICHHS PO3IOIIEH] CHMETPHYHO i HAOIIIKAOTHCS 10
KpPHBOI HOpMaJILHOTO po3nofiny. OTxe, CTaTUCTHYHA TiIo-
T€3a MPO BIJMOBIIHICTE PO3MOALTY 3aJHIIKIB HOPMAJb-
HOMY 3aKOHY HE BiJIXHJISIETHCSL.

3 MeTOI0 JOAAaTKOBOTO MiATBEPIKEHHS 3aJINIIKO-
BUX BIJXWMJEHb HOPMaJbHOMY 3aKOHY pPO3IOALTY Oyio
moOyZ0BaHO HOPMAaJIbHO-MMOBipHicCHHH Tpadik (puc. 3).
AHanizytoun #oro naHi, 3ayBaKyeMO BiICYTHICTH CHC-
TeMaTHYHUX BiAXWJIEHb Bil HOPMAalbHO-HMOBipHICHOI
npsmoi. Ile mae migcTaBu CTBepaKyBaTH, IO 3aJIHII-
KOBI BiAXWJIEHHS PO3MOIiNICHI 32 HOPMAIbHUM 3aKOHOM
PO3MOILTY.
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Puc. 2. licrorpama 3a1nIKoBHX BigxuiaeHb 0aratopakropHoi perpeciiinoi moxesi nporuosyBanass KPHILJI
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Puc. 3. HopmanbHo-iiMoBipHicHUI rpadik 3aHIIKOBUX BiXujeHb 6ararogakTopHoi perpeciiiHoi Moaei
npornosysanas KPHILJI

Jnst owiHKM TPUHHATTA MOZENI 3arajoM IIPOBEITH
aHaniz ANOVA (ta6n. 3). Ilixg gac aHamizy oTpuMaHHUX
JAaHMX BCTAHOBJICHO BUCOKHI PIBEHb MPUHHATTS MOJEINI
nporuo3yBanHs KPHITJI 3aranom, ockijabKu piBeHb 3Ha-
gymocti p < 0,001, a cama Mojenb 3a BUKOPUCTAHHS
CepelHiX 3HAYEeHb MpalloBaTUME Kpaimle 3a MPOCTHH
MIPOT'HO3.

Ta6mui 3
Pe3yabraT anagaizy ANOVA

Analysis of Vanance; DV: KPHIMN (1 111)
Sums of | df Mean F pvalue
Effect Squares Squares
Regress. | 38384471 16 2 565632 35 66161 0,000000
Residual 316553 44 0071944
Total 41,65000

JIst 10JaTKOBOTO OLIHIOBAHHS SKOCTI MaTreMaTHYHOT
mozeni KPHIIJI npoananizoBaHO KoedilieHT neTepMiHa-
uii Heiimoxenkepka (R?), sikuii okasye, sika 4actiuHa (ax-

TOpiB BpaxoBaHa B mporao3yBaHHi. KoedimieHT nerepmi-
Hamii smiaroeTecs Big 0 go 1. Unm OurbIe HOro 3HAYEHHS
HaOmwKaeTecss a0 1, TMM sKicHima OararodakTopHa
perpeciiiHa Momeib. Y 3alpOIOHOBAaHIN MaTeMaTHUYHIN
momeni KPHILJI xoedirieHT aerepmiHallii CTaHOBUTH
R? = 0,924 (y nporpami Statistica 10.0 R? = 0,92399694,
tabn. 2). Omxe, 92,4 % ¢akTopiB BpaxoBaHO B MOAEi
MPOTHO3YBAHHS PU3HUKY PO3BHUTKY TSDKKOTO MepeOiry Jiern-
TOCHIPO3Yy.

OTxe, ceporpyma nenrtocmip, 30okpema L. Ictero-
haemorrhagiae, wacrime acoriroBanacs 3 TOKYUMU
dopmamu sentocmiposy [8; 11]. KirogoBum ¢daxro-
POM TSDKKOTO Tepediry xBopobu OyB mmie i 9ac ImovaTKy
aHTHOaKTepilHOI Tepamii, IO 30ira€TbCs 3 JaHUMU
iHmmx HaykoBuiB [10; 18; 19]. IHmmMM BakIMBUM
MPEIUKTOPOM CTaB BIK XBOpOro. Bij3HaueHo diTKy
TEHJCHIII0 [0 TSDKYOro Tepediry 3axBOproBaHHS 31
301IBIICHHSM BiKy NaIlli€eHTa. [HII TOCTIIHUKHA OIH-
CyBaJM BIK 5K MPEIUKTOP BUIIOI CMEPTHOCTI Bija Ii€l
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indexmii [1; 13; 18]. Ille omuum npemukTopoMm Oyia
YyOJIOBIYA CTaTh MaIli€HTa, [0, MaOyTh, 3YMOBJICHO
reHaepHo-crenupiuao mpodeciiHo Ta Mo0yTOBOIO
pU3MKOBaHOW AisutbHICTIO [18]. 3 mabopaTopHux mapa-
METpiB Ha MOMEHT TocHiTani3amnii XBOporo Majiu Hpo-
THOCTHYHE 3HAYeHHS BHUCOKI pIBHI KpeaTWHIHYy Ta
OlmipyOiHy B KpOBi, aKTHBHICTh amiHOTpaHcdepas,
KUTBKICTh JICHKOIIUTIB Y KPOBi, Yy TOMY YHCIi MMaTHYKO-
simepHuX GopM, TPOMOOIUTIB 1 HASABHICTh €PUTPOIHUTIB
i 6inka B cedi. Pe3yipraTn HaIIMX JOCHTIIKEHDb y3TOMKY-
IOTBCS 3 JaHUMHU 3apyOikHMX HaykoBmiB [11; 12; 18].
Oco0auBy MPOTHOCTUYHY MIHHICTH MaB PO3BUTOK OJIi-
roaHypii. PaHHe BH3HAaYeHHs 3a3HAUYEHUX I[apaMeTPiB
CIIyTryBaTHME JIiKapsM CUTHAJIOM I IHTEHCHBHIIIOTO
JIIKyBaHHS XBOPOTO.

BucHoBku

JliarHOCTHKa JENTOCIIpO3y € CKIaJHUM 3aBIaH-
HSIM, OCKUIBKM ICHYIOYi JiarHOCTHYHI TECTH HE 3aBXKIU
JOCTYIIHI, MOKYTh J1aBaTH XUOHI pe3yabTaTH, IO IIPU3BO-
JUTb OO0 HNPU3HAYCHHS HCHAJIC)KHOTO HiKyBaHHH XBOpUM
1 PO3BHUTKY B HUX HECNPHUSTIMBHX HACIIIKIB.

Po3po0ieHi anroput™ i MaTeMaTHYHa MOJENb IPOTHO-
syBanHs KPHIIJI € BucoKoiH()OpMaTHBHIMU i 1AI0Th MOX-
JIMBICTh BYACHO OLIHUTH PU3UK PO3BUTKY TSDKKOTO II€pe-
0iry JenTocmipo3y, CBO€YAacCHO NPU3HAYNTH aJCKBATHY
TEpAIIiio Ta 3aMo0IrTH JIETATEHOMY HACIIIKY.

[epcriekTrBE MOJANBIINX JOCHIIKeHb. HeoOximgHi
JOOCIIDKEHHS ISl TOAANBIIOr0 IIONTYKY HaIiiHHX, MOX-
JMBO, IMYHOJIOTIYHMX TPEOUKTOPIB TKKOCTI Tepediry
JIETTOCTIPO3y Ta PO3BUTKY HECHPUATIUBUX HACIIIKIB.
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STAGED SURGICAL TREATMENT OF GUNSHOT ABDOMINAL WOUNDS WITH DUODENAL INJURY
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Background. Combat-related duodenal injuries (DI) are among the most complex abdominal traumas, with high mortality, septic
complications, and lasting dysfunction. The most difficult decisions occur at Role 2, where limited resources hinder definitive care. The lack
of a standardized algorithm contributes to poor outcomes.

Objective. To develop and assess a surgical algorithm for DI adapted to the tiered system of military evacuation.

Materials and Methods. Thirty service members with DI were studied: 20 managed with the proposed algorithm (main group) and 10 without
(comparison). Injury severity was graded by AAST. Outcomes included mortality, complications, feeding initiation, and hospital stay.

Results. Mortality was 10.0 % in the main group versus 80.0 % in the comparison (p < 0.001). Complications occurred in 85.0 % vs.
100 %. Enteral feeding started earlier (6.6 £ 0.4 vs. 8.6 £ 1.1 days, p < 0.05), and hospital stay was shorter (25.8 £ 4.2 vs. 42.9 £ 6.8 days,
p < 0.05). The D2 segment was most often affected. Algorithm elements included FAST, laparo-centesis, and laparoscopy at Role 2; CT and
endoscopy at Role 3; definitive repair and second-look surgery at Role 4.

Conclusions. The algorithm reduced mortality and complications and allowed flexible tactical adaptation. At Role 2, strict damage
control, avoidance of major reconstruction, and preparation for evacuation are essential. These findings support implementing a unified
treatment pathway for DPI across the military medical system, adjustable to resources and battlefield conditions.

Keywords: combat trauma, duodenal injury (DI), tactical surgery, medical evacuation.
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II. O. lIknsipeBU4

ETAINHE XIPYPI'TYHE JIIKYBAHHS BOTHEINAJIBHUX ITOPAHEHb KHBOTA 3 YIIKOAXXEHHSM
JBAHAIIATHAMAJOI KHIIKHA

Biticbrogo-meduunuti kainiunuii yenmp Iliedennozo peziony, Odeca, Yrpaina

BolioBi yImkomKeHHs ABaHAJUATUIANO] KUIIKK HAJIEKATh 0 HAJCKIaJHUX a0Z0MiHAJIbHUX TPABM 13 BHCOKOIO JIETATbHICTIO T4 PU3UKOM
iHheKIiiHuX ycknaaHeHsb. Oco0IMBO KPUTHYHUM € BHOIp TaKTHKHU Ha eTari Role 2 B yMoBax neinuty pecypeis. y TOCTIDKSHHI POaHaizo-
BaHO 30 BUMazKiB, 3 skux 20 JikyBaau 3a po3poOIeHIM anropuT™MoM, a 10 — 6e3 Hporo. 3acTOCYBaHHS aNTOPUTMY JIAI0 MOXKIIMBICT CYTTEBO
3HM3HUTHU JeTanbHICTh (10 % mpotu 80 %), ckopoTHTH rocmiTali3anito Ta IPUCKOPUTH BiJHOBIEHHS eHTepaIbHOro XapuyBaHHs. Haituacrime
ypaxascs cermeHT D2. KimtouoBumu enementamu craimu FAST, nanapouentes i manapockorist Ha 11 piBai, MCKT ta ennockormis Ha 11, pexon-
ctpykuis i second look Ha [V. Anroputym migBHUITy€e e(EKTUBHICTH OTOMOTH, 3MEHIIYE YCKIIaHEHHS Ta CIPHSE CTAHAApTH3aIlil XipypridHoi

TaKTHKHU IpH OoitoBux nopanenHsx IIK.

Kurouosi ciioBa: 0oiioBa TpaBMa, IBaHAIATUIIANA KUIIKA, TAKTHYHA XiPYpris, MEIMYHA CBAKYyaIlis.

Introduction

In modern conditions of conducting combat operations,
the provision of timely and effective surgical care to the
wounded is a critical component of the military medical
support system [1; 2]. Tactical medicine, which is developing
at the intersection of military surgery, logistics, and
emergency medicine, operates with the concept of staged
medical evacuation, within which surgical interventions
are integrated according to the severity of injury, distance
from the combat zone, and availability of resources [1].
The first medical actions on the battlefield (Tactical Combat
Casualty Care) are aimed at saving life with minimal
means by temporary control of bleeding, ensuring airway
patency, and rapid evacuation, without performing surgical
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manipulations. Starting from Role 2, which is represented
by mobile surgical groups and stabilization points, the
first surgical intervention is performed, known as damage
control surgery, which aims to save life by stopping massive
bleeding, combating shock, and preventing multiple organ
failure [2; 3]. At the next level — Role 3 — the third level
in case of DI is considered as a stabilization stage, where
measures are carried out to stabilize the condition of the
wounded and additional examination (using all necessary
technical capabilities) with further evacuation to Role 4. If
necessary, programmed relaparotomy (according to DCS
tactics), control of bleeding, percutaneous transhepatic
cholecystostomy under ultrasound guidance are performed
[2; 4]. The final stage — Role 4 — involves providing a full
spectrum of medical care in military medical centers on the
territory of the state or beyond it, including reconstructive
surgery and long-term recovery [2; 5]. Thus, the structure of
providing surgical care in tactical medicine is based on the
principles of staging, mobility, adaptability, and continuity,
which makes it possible to ensure maximum survival of the
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wounded in extremely difficult conditions of modern combat.

At the Role 2 stage — a mobile stabilization surgical
unit — the choice of treatment tactics for combat DI is
accompanied by a number of unresolved clinical and
tactical issues that remain the subject of active discussion
in the military surgical community [2; 3; 6]. The absence
of a unified approach at this critical stage creates risks
of variability in decision-making and directly affects
patient survival and prognosis. In particular, there are
still no clear criteria regarding the feasibility of primary
reconstruction of the damaged duodenum in unstable
patients. In cases of localized injuries that do not exceed
50 % of the circumference of the intestinal wall, primary
suturing may be technically possible. However, under
conditions of limited time, lack of full anesthesiological
support, and limited resources, such tactics may lead to
suture failure, peritonitis, and death [6]. In such situations,
temporary solutions are more often chosen: packing, clip
application, external drainage of the gallbladder, and
transfer of definitive reconstruction to the next stage —
Role 4.

A separate issue is the use of pyloric exclusion in
combination with gastrojejunostomy, which is considered
in injuries of D1-D2 segments, especially with combined
pancreatic injury [7]. However, the implementation of
this technique in Role 2 conditions is significantly limited
both by the duration of the operation, which exceeds the
critical threshold (60 minutes), and by the need for high
surgical qualification. In addition, there are no consolidated
indications for choosing this method in combat trauma.

No less debatable is the issue of resection of an intestinal
segment in conditions of significant crushing or complete
avulsion of a part of the duodenum [8; 9]. Although
duodenojejunostomy and other types of reconstruction are
considered standard for high-grade injuries (III-IV according
to AAST), their implementation at Role 2 remains an
exception rather than the rule [6]. In practice, the approach
of biliary decompression (percutancous transhepatic
cholecystostomy), staged surgical interventions, and
diagnostic laparoscopy (if equipment allows) predominates.

An even more complex situation arises in combined
injuries of the duodenum, pancreas, and major vessels [10].
Such combinations are associated with an extremely high
mortality risk; however, the algorithm of actions at Role 2
remains undefined.

The issue of criteria for safe evacuation of patients after
primary intervention also remains unresolved. There is no
unified opinion regarding the optimal timing of transport,
hemodynamic stability limits, or laboratory parameters that
could be used as universal criteria for evacuation decision-
making [1; 2, 11].

The use of negative pressure therapy (VAC) in an
open abdominal cavity also requires standardization [12].
Although VAC therapy may be effective in posterior DI, its
use in combat conditions is limited by technical difficulties
and lack of standardized protocols.

Thus, the absence of unified regulated approaches to
the treatment of DI at Role 2 determines the urgent need
to develop a standardized algorithm that would include
clear indications for primary suturing, reconstruction,
drainage, use of VAC systems, criteria for evacuation
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safety, and selection between temporary and definitive
surgical strategies. Such an algorithm must be adapted
to the realities of military medicine, resource limitations,
and dynamic tactical conditions. Its implementation will
improve survival, reduce complications, and form a unified
surgical doctrine for DI in combat conditions.

Objective. To prove the effectiveness of the proposed
algorithm of surgical care in DI at Role 2—4 levels of medical
support compared to the existing surgical treatment tactics.

Materials and Methods

The results of treatment of 30 patients with combat DI
were analyzed, including 20 patients (main group) treated
according to the developed algorithm and 10 patients
(comparison group) treated without using the proposed
recommendations.

To determine the severity of DI, the classification of the
American Association for the Surgery of Trauma (AAST,
2018) was used [13]. The duration of hospital stay, number
of complications, and mortality were evaluated.

The mean age of patients in the main group was
383 + 2.3 years, and in the comparison group -
36.5 £ 3.5 years (p > 0.05).

Based on the analysis of current approaches to the
management of DI [2; 6-10], we developed a structured
treatment algorithm (Fig. 1).

Diagnostic Measures

Role 2 (Level 2 of medical care):

— Assessment of the patient’s general condition;

— Determination of blood group and Rh factor,
laboratory testing;

— Evaluation of the characteristics,
localization of entry and exit wounds;

— Emergency ultrasound examination using the FAST
protocol [14];

— Abdominal radiography in two projections (or
computed tomography if available and the patient is stable);

— Laparocentesis using the “floating catheter”
technique (or gauze-assisted abdominal revision);

— Diagnostic laparoscopy (if indicated and equipment
is available).

size, and

Role 3 (Level 3 of medical care):

— Reassessment of the patient after evacuation;

— Laboratory investigations;

— Full abdominal ultrasound examination;

— Radiography of the abdomen and other anatomical
regions (as indicated);

— Multislice computed tomography;

— Video endoscopic examinations as required;

— Diagnostic laparoscopy (if indicated).

Role 4 (Level 4 of medical care):
Reassessment after evacuation to Role 4;
— Comprehensive laboratory evaluation;
— Full abdominal ultrasound examination;
— Radiography (as indicated);
— Multislice computed tomography;
Full video endoscopic evaluation (fibrogastroduo-
denoscopy, ERCP),
— Diagnostic and dynamic (second-look) laparoscopy.
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Fig. 1. Algorithm for DI management

The study was conducted in accordance with modern
bioethical standards [15]. All participants or their
authorized representatives provided informed consent.
The study protocol No. 163 was approved by the Ethics
Committee of the National Medical University named after
O. O. Bohomolets (07.11.2022).

Statistical analysis was performed using frequency and
variance analysis with Statistica 14.1.25 software (TIBCO,
USA) [17].

Research results and their discussion

The second segment of the duodenum (D2) was most
frequently affected: in 8 patients (40.0 %) of the main
group and in 5 patients (50.0 %) of the comparison group.
According to the AAST classification, in the main group
there was 1 case of grade I injury, 9 cases (45.0 %) of
grade II, and 10 cases (50.0 %) of grade III injury. In the
comparison group, grade II injuries predominated (8 cases,
80.0 %), while grade I and III injuries occurred in one case
each. No statistically significant difference between the
groups was found (p > 0.05) (Table 1).

Table 1
Distribution of injuries according to the AAST
classification

Grade | Main group (n = 20) | Comparison group (n = 10)
1 1(5.0 %) 1(10.0 %)
I 9(45.0 %) 8(80.0 %)
I 10(50.0 %) 1(10.0 %)
v - -
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In most cases, surgical intervention was performed within
24 hours after injury; however, in 7 patients (35.0 %) of the
main group, surgery was delayed beyond this period. The
primary surgical procedure was laparotomy with primary
closure of the defect and duodenal decompression. The Strong
procedure was performed in 8 cases (40.0 %) in the main
group and in 6 cases (60.0 %) in the comparison group. Posto-
perative mortality was 10.0 % in the main group and reached
80.0 % in the comparison group (}> = 11.72; p = 0.0006).

Postoperative complications were observed in 85.0 %
of patients in the main group (17 cases) and in 100 % of
patients in the comparison group (y*> = 1.61; p = 0.20), with
sepsis being the most common complication (Table 2).

Table 2
Postoperative outcomes
Parameter Mai Comparison | Statistics
ain group
group
. o o v =11.72;
Mortality 2(10.0 %) 8(80.0 %) p = 0.0006
Complications | 17(85.0%) | 10(100%) | * ~ 1oL
p : p=0.20

Thoracic complications were observed in 5 patients
(25.0 %) in the main group, while wound complications
occurred in 7 patients (35.0 %). Fistula formation was
recorded in 2 patients (10.0 %) in the main group and in all
patients in the comparison group. One patient in the main
group required reoperation. Bile leakage was observed in
three patients, and disseminated intravascular coagulation
(DIC syndrome) was diagnosed in one patient in the
comparison group (Table 3).

29



KJITHIYHA IIPAKTHKA

Table 3
Structure of postoperative complications
Complication Main group Comparison
group
Sepsis 17(85.0 %) 10(100 %)
Thoracic complications | 5(25.0 %) 7(70 %)
Wound complications 7(35.0 %) 8(80 %)
Fistulas 2(10.0 %) 10(100 %)
Reoperation 1(5.0 %) 4(40 %)
Bile leakage 3 9(90 %)
DIC syndrome — 1(10 %)

The mean time to initiation of enteral feeding was
6.6 + 0.4 days in the main group and 8.6 + 1.1 days in
the comparison group (p < 0.05). The mean length of
hospital stay was 25.8 = 4.2 days in the main group and
42.9 + 6.8 days in the comparison group (p < 0.05). Thus,
implementation of the improved treatment algorithm
significantly reduced mortality and improved functional
outcomes in patients with DI (Table 4).

Table 4
Comparison of recovery parameters

Parameter Main | Comparison p
group group
Time to enteral feeding 6.6+ 04 86411 <005
(days) . . . . .
Length of hospital stay 258142 | 429+68 |<0.05
(days) . . . . .

The surgical management of combat-related abdominal
trauma with DI at Role 2—4 levels of medical care in
the main group was based on the following principles:
adherence to the “golden hour” concept, application of
damage control surgery (DCS), strict compliance with
the staged approach to care, use of minimally invasive
diagnostic and therapeutic methods (including ultrasound-
guided interventions), adequate anesthesiological support,
application of modern hemostatic and electrosurgical
techniques, mobilization of the duodenum according
to Kocher—Clermont and Cattell-Braasch (right medial
visceral rotation), ultrasound-guided biliary drainage
(when indicated), and a multidisciplinary approach to the
development of the diagnostic and treatment algorithm.

Role 2 (Level 2 of medical care) At Role 2, the primary
surgical interventions for DI included closure of defects. In
cases of severe tissue destruction or complete rupture of a
duodenal segment, temporary clipping of the wound edges
was performed, with mandatory gastric decompression.
Hemorrhage control was achieved by ligation, suturing, or
electrocoagulation of bleeding vessels. When necessary,
gauze packing of the abdominal cavity was performed using
hemostatic materials or combined hemostatic techniques.

Role 3 (Level 3 of medical care) At Role 3, surgical
interventions were primarily stabilizing in nature and
included more detailed patient assessment using available
diagnostic resources, including advanced imaging
modalities. Within the framework of damage control
surgery, programmed relaparotomy could be performed,
along with control of residual bleeding and, when
indicated, percutancous transhepatic cholecystostomy
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under ultrasound guidance. After stabilization, patients
were evacuated to Role 4 for definitive treatment.

Role 4 (Level 4 of medical care) At Role 4, the third
phase of DCS was implemented, which in cases of severe
injury could be divided into several surgical stages. Surgical
procedures included duodenal diverticulization by suturing
the pyloroduodenal junction, formation of an antecolic
gastroenterostomy with a Braun enteroenterostomy (afferent
loop length 40-50 cm). In cases of D1 segment injury with
destruction of the pyloroduodenal junction, antrectomy
was performed with formation of a gastroenterostomy
on a long loop, also with Braun anastomosis. For severe
injuries of the D2 segment (AAST grade MI-IV),
pancreatoduodenal resection or duodenectomy with
external drainage of the common bile duct and pancreatic
duct without anastomosis formation was indicated.
Indications for total pancreatectomy included massive
gunshot injuries of the duodenum (grade I1I-1V according
to Moore classification), destructive pancreatic necrosis,
or recurrent erosive hemorrhage. In injuries of the
D3-D4 segments, the formation of a duodenojejunostomy
is considered acceptable. In such cases, a perforated
microirrigator may be introduced through the cystic duct
into the afferent loop to provide local sanitation. In cases
of duodenal suture failure, negative pressure therapy
using the EndoVAC system proved to be effective.
In the presence of purulent-inflammatory complications
(subdiaphragmatic or subhepatic abscesses), ultrasound-
guided puncture and drainage interventions within the
framework of interventional ultrasonography are applied.
Thus, the nature and extent of surgical interventions in
combat-related abdominal trauma with duodenal injury are
determined both by the level of medical care and by the
patient’s clinical condition, injury topography, intensity of
combat activity in a given area, and evacuation capabilities.
A certain overlap of surgical procedures may occur between
Role 3 and Role 4 levels, particularly in situations where
aeromedical evacuation is unavailable, and Role 3 facilities
are compelled to assume part of the functions of higher-
level specialized care.

At Role 2, the primary objective is to preserve vital
functions through temporary damage control. In this
context, damage control surgery (DCS) [9] involves the use
of simple yet effective techniques, including primary repair
of the intestinal defect (when feasible), temporary clipping
of wound edges in cases of extensive damage, gastric
decompression, abdominal packing in cases of hemorrhage,
and ligation or coagulation of bleeding vessels. However, it
is precisely at this stage that significant controversy exists
regarding the extent of the primary surgical intervention.

In contrast to the main group, surgical management in
the comparison group did not include systematic application
of the damage control surgery concept, staged treatment
according to levels of medical care, or a multidisciplinary
decision-making algorithm. Minimally invasive and
ultrasound-guided interventions were not utilized, including
puncture-drainage techniques and percutaneous transhepatic
cholecystostomy.  Additionally, advanced  surgical
technologies such as active decompression techniques,
negative pressure therapy (EndoVAC), programmed
relaparotomy, and interventional ultrasonography were not

ISSN 2226-2008 OJJECHKMI1 MEJUYHUWIA XKYPHAJL Ne 1 (198) 2026



applied. In most cases, the surgical approach was limited to
conventional laparotomy with primary repair of the injury,
without clear differentiation of tactics based on the level of
medical care. On the one hand, proponents of limited surgical
intervention argue [17] that in unstable patients, under
conditions of time constraints, limited instrumentation,
or insufficient surgical expertise, any attempt at definitive
reconstruction may lead to worsening hemorrhage,
progression of shock, and fatal complications. On the
other hand, some surgeons attempt to perform immediate
definitive repair or even anastomosis, particularly in isolated
injuries of AAST grade I-1I. However, both literature data
and analysis of clinical outcomes indicate [17] that such
an approach is justified only in hemodynamically stable
patients with limited injuries, when evacuation is either
delayed or technically impossible.

Furthermore, there is ongoing debate regarding the
appropriateness of using pyloric exclusion or biliary
drainage at this stage [18]. These techniques may be
beneficial in injuries involving the DI-D2 segments,
particularly when combined with pancreatic injury;
however, their implementation under Role 2 conditions
requires sufficient surgical experience, operative time, and
anesthesiological support, which are not always available.
Thus, balancing the aggressiveness of surgical intervention
with patient safety at this stage remains a key factor in
clinical decision-making.

Following initial intervention at Role 2, patients should
be evacuated as early as possible to Role 3 or Role 4 levels
for further evaluation, repeat surgery (relaparotomy), and
definitive anatomical reconstruction. Delayed definitive
reconstruction allows stabilization of the metabolic state,
restoration of hemodynamics, and reduction of the risk of
suture failure and septic complications.

KJITHIYHA IIPAKTHUKA

In general, the surgical management of combat-related
DI should be based on the principle of survival and staged
stabilization. The effectiveness of treatment depends
not only on the choice of surgical technique but also on
the coordination of a multidisciplinary team, including
surgeons, anesthesiologists, intensive care specialists,
traumatologists, and evacuation units. Such team
interaction ensures an adaptive surgical strategy tailored to
the dynamically changing clinical condition of the wounded
patient and the operational situation in the combat zone.

Conclusions

1. The implementation of the developed surgical
algorithm for combat-related DI, adapted to a multilevel
medical support system, was associated with a significant
improvement in treatment outcomes, including
a reduction in postoperative mortality from 80.0 % to
10.0 %, shorter hospital stay, and earlier initiation of
enteral nutrition.

2. Standardization of the staged surgical approach
reduced the severity of the postoperative course and
demonstrated a tendency toward a lower incidence of septic
complications, including sepsis, fistula formation, and bile
leakage, as well as a decreased need for reoperations.

3. The greatest clinical effectiveness of the proposed
algorithm was observed in patients with AAST grade 11—
III DI, in whom its application resulted in significantly
improved survival and functional outcomes.

4. The implementation of a unified algorithm for the
management of DI within the military medical evacuation
system is justified and appropriate, as it enhances the
controllability of the treatment process, reduces variability
in surgical decision-making, and improves overall clinical
outcomes.
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Introduction. The spread of COVID-19 in Ukraine was documented on March 3, 2020. The first fatal case from coronavirus infection in
Odesa region was recorded on April 23, 2020. A total of 1294 patients died from complications of the coronavirus disease in Odesa and Odesa
region in 2020, 5560 patients died in 2021, and a total of 917 people died from coronavirus infection in 2022.

The aim of the study was to identify and study morphologic changes in the respiratory tract of patients who died from coronavirus
infection in Odesa region.

Materials and methods. 50 cases of those who died between 2020 and 2023 with diagnosed COVID-19 (from the total number of those
who died from complications of coronavirus disease in Odesa and the region) were randomly selected. Autopsy material was examined using
routine morphologic methods.

Results and Discussion. Of the 7,785 people who died from complications of coronavirus disease: 3,922 cases were men (50.4 %),
women — 3863(49.6 %). The largest group of the deceased that were people aged > 71 years composed 3373 cases (43.3 % of the total
number of those who died from complications of coronavirus disease). Of these, 1,691 were males (50.1 %) and 1,682 were females (49.8 %).
Interstitial inflammatory infiltrate, cytopathic viral damage of alveolar epithelium, edema, hyaline membrane formation were found in the lung
tissue of 47 deceased. The presence of multinucleated symplasts in the epithelium, desquamated atypical alveolocytes with large polymorphic
nuclei, inclusions in the nuclei and cytoplasm, accumulations of erythrocytes, alveolar macrophages, marked edema, fibrin deposits were
noted. Blood coagulation disorders occur due to damage to the endothelium of blood vessels, as well as liver cells, with the further development
of thrombosis and hemorrhage. Hyperplasia of bronchiolar epithelium with areas of squamous cell metaplasia and dysplasia was also found.

Conclusions. The average age of the dead (men and women) was 64.5 + 7.9 years. The revealed morphological changes in the respiratory tract are
a consequence of both viral and leukocytic aggression. These changes underlie further progression of the disease and development of its complications.

Keywords: COVID-19, autopsy, SARS-CoV-2, pathomorphology, microscopic examination.
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Introduction

On March 11, 2020, the WHO announced the beginning
of the COVID-19 pandemic caused by the SARS-CoV-2
pathogen [1]. The firstcase of SARS-CoV-2 in the Odesaregion
was registered on March 25, 2020. The causative agent of the
new COVID pandemic was SARS-CoV-2, a single-stranded
RNA virus of the Coronaviridae family. The pathogenesis of
COVID-19 is complex and still not fully understood [2; 3].
Despite previous data on the impact of viral infection on the
entire body [4], it should be noted that society was not ready
for the variable manifestation of SARS-CoV-2. At the same
time, despite the rapid spread of the disease, which led to the
recognition of the pandemic status worldwide, the virus itself
and its manifestations were constantly changing, which led
to the presence of differences in manifestations during the
pandemic in different regions [5; 6].

Autopsy remains a research method that allows you to
detect changes in organs and tissues throughout the body,
and the results of autopsies of the first deaths from SARS-
CoV-2 infection in Wuhan have long remained a reference
point for the medical community around the world, but even
in 2020, data were obtained that differed from the initial
results [7; 8]. In particular, despite the large list of generally
recognized changes in the lungs, numerous publications have
differences in the description of morphological changes. This
may be due, on the one hand, to regional characteristics, and,
on the other hand, to changes in the virus itself during the
pandemic and the corresponding change in the consequences
of its presence in the body.

Based on the above, the purpose of this study was to
identify and study morphological changes in the respiratory
tract of patients who died from coronavirus infection in the
Odesa region.

Materials and Methods

Among 7785 people who died from complications of
coronavirus disease, 50 cases of people who died between
2020 and 2023 with diagnosed COVID-19 (from the total
number of deaths from complications of coronavirus
disease in Odesa and the region) were randomly selected.
Their autopsies were performed at the Odesa Regional
Bureau of Forensic Medical Examination. SARS-CoV-2
was confirmed by PCR either in vivo or postmortem.
Autopsy material was fixed in 10 % neutral buffered
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Fig. 1. Tracheal mucosa in COVID-19.

Edema, epithelium is

formalin solution for at least 72 hours, with further
standard histologic dehydration plus paraffinization,
after that serial sections were prepared and stained with
hematoxylin and eosin and picrofuchsin according to van
Gieson. Macro- and microscopic changes in the respiratory
tract were also evaluated [9]. The study was performed in
accordance with the principles of the Helsinki Declaration
of the World Medical Association “Ethical Principles of
Medical Research Concerning Human Subjects” (2013),
the procedure was done after approval from the Regional
Ethical Review Board at Odesa National Medical
University, protocol 11, 6 March, 2023.

Research results and their discussion

Of the 7,785 deceased patients (due to complications of
coronavirus disease): 3,922 were men (50.4 %), women —
3,863(49.6 %). The largest group of the decease that were
people aged > 71 years totaled 3,373 cases (43.3 % of the
total number of those who died from complications of
coronavirus disease). Of these, 1,691 were males (50.1 %)
and 1,682 were females (49.8 %). The average age of the
dead (men and women) was 64.5 + 7.9 years. According to
medical history data, all the deceased had comorbid pathology
(ischemic heart disease, atherosclerosis, hypertension,
diabetes mellitus, obesity), multiple severe concomitant
diseases, and various immunodeficiency states. During
macro- and microscopic examination of the trachea and lungs
of those who died from complications of COVID-19, we
identified morphological features distinguishing COVID-19
from other acute respiratory viral infections. In the trachea
we determined variably expressed hemorrhagic changes of
the mucous membrane, weakly expressed in the proximal
part and moderately or sharply manifested in the distal part
and main bronchi, the mucous membrane was covered with
mucus. There were also signs of blood circulation disturbance
of microcirculatory vessels in submucous layer of trachea
and bronchi in the form of various microangiopathies: stasis,
thrombi, perivascular diapedesis hemorrhages and edema.
The respiratory epithelium showed edema, dystrophy, foci
of damage (Fig. 1), foci of desquamation (Fig. 2), enlarged
nuclei were detected in bronchial epithelium cells (Fig. 3),
basal cell hyperplasia of respiratory epithelium with
formation of foci of squamous cell metaplasia, which leads
to a sharp decrease in the barrier function of the epithelium.

NGy

sloughed, focally necrotized, foci of epithelial proliferation

with the presence of large epitheliocytes with hyperchromic nuclei, microcirculatory hemorrhage, erythrocyte sludge
are determined. Inflammatory infiltration is weakly expressed. Hematoxylin and eosin staining, X120
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Fig. 3. Bronchial wall Focal eplthellum is absent desquamated with foci of necrosis, enlarged eplthelmcytes
with hyperchromic nuclei (virus-associated changes) are determined. Hematoxylin and eosin staining, x120

According to the results of our own observations we
revealed the following morphological signs of coronavirus
lung lesion: macroscopically the mass and size of the lungs
were increased, the tissue was airless, unevenly compacted,
on the section — dark pink, in some places red with a matte
tint, in the posterior-lower sections with a whitish-gray tint,
fleshy density to the touch. Dark bloody and frothy fluid
flowed from the surface of lung sections when pressing.
Pieces of lung tissue sank when immersed in formalin.
In some cases subpleural foci of wedge-shaped, dark-
red color, dense consistency were observed. The lumen
of the pulmonary artery branches was obturated with
crumbling masses of red color. Pleura was smooth, with
injected vessels and hemorrhages — “lacquered lungs”
(Fig. 4). Microscopically, at the beginning of the disease

(exudative stage) diffuse alveolar lesions, “shock lungs”
with accumulation of fibrinous exudate in the alveoli, acute
alveolar distress syndrome, signs of viral hemorrhagic
pneumonia, thrombosis of pulmonary artery branches,
presence of hyaline membranes in the alveoli are detected.

Also microscopically, thickening of alveolar septa due
to edema and hemorrhage, with signs of diffuse alveolar
damage, acute bronchiolitis, pronounced edema and
hemorrhagiain the interstitial tissue (Fig. 5), pulmonary artery
thrombosis (Fig. 6), bronchospasm (Fig. 7), dystelectasis
and atelectasis. Blood coagulation disorders occur due to
damage to vascular endothelium as well as liver cells, with
further development of thrombosis and hemorrhage. The
development of vasculitis of small branches of the pulmonary
artery is also characteristic of COVID-19 [17].

Fig. 4. “Lacquered lungs” of a deceased patient with Verlﬁed COVID-19
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Fig. 6. Small bronchus spasm, epithelium is preserved, enlarged Fig. 7. Bronchial spasm. Epithelium is

epitheliocytes with hyperchromic nuclei are focally determined. preserved, stasis of MCB vessels. Van Gieson
The lumen of the small branch of the pulmonary artery is staining, x250

obturated by a white thrombus with signs of organization.
Hematoxylin and eosin staining, x120

Fig. 8. Diffuse alveolar lesion, exudative phase. Multiple hemorrhages in the walls of alveoli with desquamation
of alveolar epithelium, hyaline membranes. Thrombosis of microcirculatory vessels with perivascular
inflammatory infiltrate. Hematoxylin and eosin staining x100

Fig. 9. Diffuse alveolar lesion.
Fibrinous purulent exudate in the
lumen of dilated alveoli. Hematoxylin
and eosin staining, x60
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Interstitial inflammation differed in severity: from
moderate in interstitial tissue to weak in vessel walls. The
presence of multinucleated giant symplasts, desquamated
alveolocytes with large polymorphic nuclei, granular
cytoplasm, inclusions in nuclei and cytoplasm, as well
as accumulations of erythrocytes, alveolar macrophages,
edematous fluid, fibrin were observed in the lumen of
dilated alveoli. The presence in most cases in alveoli and
bronchioles of hyaline membranes (Fig. 8) lining their
inner surface was also noted.

In 11 cases, virus-induced cytopathic changes in
the respiratory tract and activation of bacterial and
fungal flora caused the development of bilateral lobular
pneumonia. Neutrophilic leukocytes and fibrin were
present in large quantities in the lumen of the alveoli
(Fig. 9). This morphologic picture is probably due to the
immunosuppressive effect of the virus and the development
of opportunistic bacterial and bacterial-fungal respiratory
tract infections [17].

In the proliferative stage reparative processes of
lung tissue develop with proliferation of fibroblasts
and myofibroblasts, hyperplasia of type I pneumocytes,
metaplastic changes in bronchial epithelium, focally
with formation of adenomatous structures, dysplasia of
squamous epithelium (Fig. 10), fibrosis (Fig. 11) and
sclerosis of pulmonary interstitium, “carnification”.
Fragments of hyaline membranes may be preserved.

Among the factors leading to the changes we have
described, it should be noted that in the pathogenesis
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of SARS-CoV-2, a very high affinity of its S-protein
for the angiotensin-converting enzyme 2 (ACE-2)
receptor has been identified. This protein is expressed
at the receptor for ACE-2 in respiratory tract epithelia,
alveolocytes, alveolar monocytes, vascular endothelium,
gastrointestinal epithelia, kidney, myocardium, and
some parts of the CNS. The direct action of the virus
damages the endothelium of pulmonary vessels and other
peripheral vessels, which induces hypercoagulability
and an aggressive immune response. Due to this
diffuse, massive aggression of SARS-CoV-2 towards
the vascular endothelium, COVID-19 “masks” are very
common in the form of exacerbation and aggravation of
comorbid diseases: IHD, hypertension, diabetes mellitus,
metabolic syndrome, immunodeficiency states [5; 10].
In case of the SARS-CoV-2 damage to lungs, type 1 and
2 alveolocytes and vascular endothelial cells are affected,
which leads to impaired function of the aerohematic
barrier and surfactant alveolar complex [11]. The main
target cells for SARS-CoV-2 are alveolar epithelial cells,
in the cytoplasm of which the virus replication occurs.
After virions are assembled, they pass into cytoplasmic
vacuoles, which migrate to the cell membrane and exit
into the extracellular space via exocytosis. Expression of
virus antigens on the cell surface before virions leave the
cell does not occur, so antibody formation and interferon
synthesis are stimulated relatively late. The formation of
syncytium under the influence of the virus enables the
latter to spread rapidly in tissues.

R ELS: LW T

Fig. 10. Diffuse alveolar lesion, late stage. Squamous cell metaplasia of alveolar epithelium,
fibrin and erythrocytes in the lumen of alveoli. Hematoxylin and eosin staining, X120

2o S 9 Vi B

Fig. 11. Diffuse alveolar lesion, late stage. Diffuse fibrosis of the interalveolar septa. There is also focal edema
and inflammatory infiltration of the interalveolar septa. Hematoxylin and eosin staining, x40
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Damaged epithelial cells produce cytokines [1] that
attract leukocytes and activate neighboring endothelial
cells, which stimulate infiltration which is inherent to
the consequences of viral infection [12]. Also leukocytes
induce production of reactive oxygen species, which
in turn also damage the alveolar-capillary barrier, and
activated macrophages cause apoptosis of epithelial cells
[13]. Lung damage begins with diffuse alveolar damage,
then against the background of cytokine storm there is
tissue and vascular damage, development of inflammatory
reaction and coagulopathy, destructive-productive
thrombovasculitis of small arteries, development of acute
alveolitis and viral-bacterial pneumonia with further
fibrosis, focal adenomatosis and epithelial dysplasia
[1; 7]. Viral and/or simultaneous bacterial infection, in
addition to diffuse damage to alveocytes, leads to increased
permeability of cell membranes, increased transport of
fluid rich in albumin and fibrin into the interstitial lung
tissue and alveolar lumen with the subsequent development
of interstitial and alveolar edema. Along with this, changes
in the elastic properties of surfactant are observed [14].
Destruction of surfactant leads to the development of
alveolar collapse, a sharp disturbance of gas exchange leads
to the development of acute respiratory distress syndrome.
In addition to the activation of the inflammatory response,
hypoxemia observed in patients with severe pneumonia
and ARDS can potentiate the development of multiorgan
failure, disseminated intravascular coagulation syndrome
and in some cases lead to death [15]. Pathomorphologic
changes in the lungs in COVID-19 are determined not
only by the direct cytotoxic effect of SARS-CoV-2 on
type II alveocytes, but also by the development of diffuse
pulmonary intravascular coagulopathy. Changes in the lung
tissue in COVID-19 are diffuse in nature, with the results
of the CT examination showing the “ground-glass opacity”
sign.

Our data could be used for explanation of severe
epidemiologic consequences of SARS-CoV-2 pandemic
events [16] with transformed inflammatory process in
different organs and tissue [17; 18] and appearance of
autoimmune processes.

The lungs bore the brunt of COVID-19 in autopsy
studies, as has been described in previous studies [6; 19;
20]. A notable finding in our study was diffuse alveolar
damage, which is commonly considered a histological
hallmark of acute respiratory distress syndrome. It has
three phases: an exudative phase that usually appears

within 1-7 days, a proliferative phase that usually appears
after 1-3 weeks, and a fibrotic phase that usually occurs
after three weeks of illness [6]. In our data, we cannot state
that the prevalence of proliferative diffuse alveolar damage
was higher than that of exudative diffuse alveolar damage.
The fibrotic phase was not observed frequently enough.

As in other studies, we found microscopic and
macroscopic evidence of secondary respiratory infections in
the form of bronchopneumonia and lung abscesses [6; 20].
Such infections among COVID-19 patients may be caused by
prolonged hospitalization, prolonged mechanical ventilation,
use of central venous catheters, immunosuppressive drugs
such as steroids and tocilizumab, and potential gaps in
routine infection prevention measures due to overburdened
hospitals during this pandemic. An important feature of
autopsy findings is evidence of thrombi and pulmonary
embolism.

According to the currently accepted views on the
pathogenetic mechanisms of SARS-CoV-2 lesions,
in the lungs there is both a direct action of the virus on
bronchial, alveolar epithelium and endothelium of small
vessels, and damage associated with the action of “altered”
macrophages, lymphocytes, neutrophils. The morphologic
picture observed in the lungs generally corresponds to the
action of the described pathogenetic mechanisms.

Conclusions

The results of the study showed that predominantly
among those who died from complications of COVID-19
were people older than 71 years (43.3 %) with extensive
comorbid pathology (IHD, diabetes mellitus, hypertension,
malignant tumors, immunodeficiencies). Among those
examined, bilateral bacterial pneumonia was diagnosed
in 22 %. The predominant cause of death was severe
respiratory failure, respiratory distress syndrome.

Autopsy macroscopically revealed: increase in the size
of lungs, loss of airiness, presence of subpleural dark-red
areas, smooth shiny pleura — “lacquered lungs”.

Diffuse alveolar damage, edema and hemorrhages of
interstitial tissue are determined microscopically. In the
lumen of alveoli there is an accumulation of a large amount
of fluid, fibrin and the presence of hyaline membranes
along the walls of preserved alveoli. The presence of
multinucleated symplasts, alveolocytes with polymorphic
nuclei, neutrophils in the lumen of alveoli attracted
attention. In vessels there was endothelium sloughing and
the presence of endotheliocytes with polymorphic nuclei.
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The aim of the study was to characterize the clinical profile of women with pathological endometrial changes associated with metabolic
disorders, with an emphasis on disease course, comorbidities, and risk determinants.

Materials and methods. The study was conducted at the Multidisciplinary Medical Center of Odesa National Medical University and
included 103 women who were examined between 2023 and 2025. Based on clinical and morphological findings, patients were divided
into five groups: simple endometrial hyperplasia (n = 39), atypical endometrial hyperplasia (n = 9), endometrial cancer (n = 25), polycystic
ovary syndrome (PCOS; n = 16), and a control group of healthy women (n = 14). Diagnosis was verified histologically using biopsy or
surgical specimens. Cancer staging was performed according to the 2023 FIGO classification. All patients underwent comprehensive clinical,
laboratory, and instrumental evaluation.

Results. Mean body weight and body mass index (BMI) in patients with hyperplasia and endometrial cancer corresponded to class I obesity
and were significantly higher than in controls (p < 0.05). In the PCOS group, BMI values corresponded to overweight with marked variability.
Obesity was prevalent in most women with endometrial pathology. Abnormal uterine bleeding was the leading symptom (69.2-92 %), while
pain and urinary or bowel dysfunction were more typical of malignant disease. Cardiovascular and endocrine comorbidities predominated.
Ultrasonography revealed progressive endometrial thickening, structural heterogeneity, and increased vascularization associated with disease
severity.

Conclusions. Endometrial pathology is strongly associated with obesity and metabolic disorders. Ultrasonographic findings demonstrate
high diagnostic value. Modifiable risk factors, particularly obesity, play a significant role in disease progression, highlighting the need for early
detection and multidisciplinary management.

Keywords: endometrium, hyperplasia, abnormal uterine bleeding, obesity, carcinoma.

YIK 618.145

B. I'. Mapiuepena, /1. I. IpoGoTt

KJIHIYHUHA MTPO®LIb MAIIEHTOK 13 MATOJOTTYHUMHU 3MIHAMM EHJTOMETPIA Y B3AEMO3B’SI3KY
3 METABOJIITYHUMU ®PAKTOPAMHU

Ooecvkuii HayionanvHuil meouynuil ynigepcumem, Oodeca, Yxpaina

Mera nocnipKeHHs IonsArana y BU3HauYeHHI KIiHITHOTO IPO(LTIO MALIEHTOK i3 aTOIOTiYHIMHY 3MIHAMH €HIOMETPIs Ha Ti1i METa0ONITHIX
TIOPYILIEHb IS BCTAHOBIICHHS CYITYTHBOI Matonorii Ta ¢akropis pusuky. OoctesxeHo 103 mamieHTKH, pO3HOAIIEH] Ha TPYIIH 3aJIEXKHO BiJ MOp-
¢onoriunoro aiaraosy. BeranoeneHo, mo cepeaniiit IMT ta Maca Tijia 10CTOBIpHO BHII Y BCIX MAaTOMOTYHUX TPYNax MOPiBHSHO 3 KOHTPOJIEM,
Hal{BUII TOKA3HUKH — Y MAIIEHTOK i3 pakoM enoMeTpist. [IpoBiHIIT cCHMITTOM — aHOMaNTbHA MaTKOBa KpoBoTeda. Haifuacrinre cymyTHiME cTa-
Hamu OyIH cepLeBO-CyIMHHI i €HIOKPUHHI 3aXBOPIOBAaHHS. YJIBTPa3BYKOBi 3MiHH KOPEIFOBANH 31 cTymeHeM nporideparii eanomerpis. OTpu-
MaHi J1aHi MiATBepKYIOTh HaHOUIBII YacTy KITiHIYHY acOLiallilo OXKUPIHHS Ta METabOiYHUX TOPYLIEHb i3 HAsBHICTIO MATOJIOTi] €HIOMETpisl Ta
IIKPECIIO0Th HEOOX1JHICTh MyJIBTHNCIUILIIHAPHOTO 1 IIEPCOHAITI30BAHOTO MiTXOTy /10 BEACHHS MA[iEHTOK IPYIH PH3HKY.

Kuro4osi ci10Ba: enomMeTpild, rinepIuiasis, aHoMaabHa MaTKOBa KPOBOTEYA, OXKUPIHHA, KAPLIHHOMA.

Introduction

Endometrial pathology, including hyperplastic processes
and endometrial cancer, occupies a leading position in the
structure of gynecological morbidity and female mortality
worldwide [1]. Over recent decades, a persistent upward
trend in the incidence of these conditions has been
observed, largely associated with the increasing prevalence
of obesity, metabolic syndrome, and endocrine disorders [2].

© V. H. Marichereda, D. I. Drobot, 2026
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According to international studies, a BMI > 30 kg/m?
is one of the most powerful independent risk factors for
the development of both endometrial hyperplasia and
endometrial cancer, exceeding even age over 45 years in
prognostic significance [3]. The combination of obesity with
insulin resistance, diabetes mellitus, and a hyperestrogenic
state creates a pathogenetic basis for proliferative
changes of the endometrium and their potential malignant
transformation [4]. In this context, comprehensive clinical
assessment of patients with endometrial pathology — taking
into account metabolic status, comorbid conditions, and
specific features of the clinical course —becomes particularly
important, serving as a foundation for risk stratification and
the personalization of therapeutic strategies.
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The aim of the study. To determine the clinical
profile of women with pathological endometrial changes
associated with metabolic disorders, to identify the most
significant clinical and somatic characteristics related to
different forms of endometrial pathology.

Materials and Methods

The study was conducted at the Multidisciplinary
Medical Center of Odesa National Medical University
during 2023-2025. A total of 103 inpatient and outpatient
female patients were examined. Based on the examination
results, the patients were divided into the following groups:

* Group Ia — women with histologically confirmed
endometrial hyperplasia without atypia (n = 39), according
to the WHO 2014 classification;

* Group Ib — women with atypical endometrial
hyperplasia / endometrial intraepithelial neoplasia (EIN)
(n =9), according to the WHO 2014 classification;

* Group II — patients with endometrial cancer (n = 25),
according to the 2023 FIGO classification;

* Group III (comparison group) — women with
polycystic ovary syndrome (PCOS), diagnosed according
to the Rotterdam criteria (n = 16);

* Group IV (control group) — clinically healthy women
without endometrial pathology (n = 14).

For all groups, morphological verification of the
diagnosis was performed by histological examination
of endometrial biopsy specimens and surgical samples
obtained during pipelle biopsy, hysteroscopy, or
hysterectomy. Cancer staging was carried out in accordance
with the FIGO classification (2023).

All enrolled patients underwent a comprehensive clinical
and anamnestic assessment according to the study protocol.
Anthropometric evaluation included measurement of body
weight (kg) and height (m), followed by calculation of BMI
using the standard formula:

BMI = body weight (kg) / height? (m?).

Assessment of social status took into account age, level
of education, marital status, and type of professional activity.
Menstrual function was analyzed based on medical history
data and included evaluation of age at menarche, regularity and
duration of the menstrual cycle, volume of menstrual blood
loss, as well as the presence and nature of menstrual disorders.

The examination protocol also included general
clinical, laboratory, and instrumental investigations.
Ultrasound examination was performed transabdominally
and transvaginally during the first phase of the menstrual
cycle (days 5-9) or on any day in postmenopausal women,
in accordance with the objectives of the study.

The study was conducted in compliance with the
principles of the Declaration of Helsinki of the World
Medical Association, Ethical Principles for Medical
Research Involving Human Subjects, approved by the
Bioethics Committee (Protocol No. 18 dated December 6,
2023). Written informed consent was obtained from all
participants prior to inclusion in the study.

Research results and their discussion
Analysis of age-related characteristics demonstrated
that the mean age of patients in groups Ia, Ib, and
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IV was statistically comparable and was 47.6 years
(95 % CI: 43.9-51.4), 47.0 years (95 % CI: 34.6-59.4),
and 44.21 years (95 % CI: 35.0-53.4), respectively. In
contrast, patients with endometrial cancer (group II)
were significantly older, with a mean age of 60.1 years
(95 % CI: 55.8-64.3), while women with polycystic ovary
syndrome (PCOS, group III) were the youngest, with
a mean age of 26.17 years (95 % CI: 19.6-32.8).

Anthropometric assessment revealed that the mean
body weight in groups Ia, Ib, and II was 87.4 + 11.6 kg,
89.1 + 12.4 kg, and 85.6 = 10.9 kg, respectively, which
was significantly higher compared with the control group
(723 £ 9.8 kg; p < 0.05). Mean height did not differ
significantly between groups and ranged from 1.63 to 1.66 m.

The mean BMI values in groups Ia (31.8 £+ 3.9 kg/m?),
Ib(32.4+4.1kg/m?),and 11 (31.1 £ 3.7 kg/m?) corresponded
to class I obesity and were significantly higher than in the
control group (26.1 + 3.2 kg/m?; p < 0.05). In women with
PCOS, the mean BMI was 27.8 + 4.6 kg/m?, corresponding
to the overweight category and characterized by pronounced
interindividual variability.

Analysis of menstrual function showed that in group
Ia, menarche at the age of 12—13 years was reported in
84.6 % of patients. A regular menstrual cycle was observed
in 53.8 % of women, while 46.2 % had an irregular cycle.
Menorrhagia was reported in 30.8 % of cases, dysmenorrhea
in 43.6 %, and premenstrual syndrome (PMS) symptoms in
66.7 %.

In group Ib, menarche at 12—13 years occurred in 88.9 %
of women. A regular menstrual cycle was maintained in
44.4 % of patients. Both menorrhagia and dysmenorrhea
were reported in 44.4 % of cases, while PMS symptoms
were present in 66.7 %.

In group II, menarche at 12—13 years was reported in
84.0 % of women. A regular menstrual cycle was observed
in 64.0 % of patients; however, abnormal uterine bleeding
predominated later in life. Menorrhagia was recorded
in 24.0 % of cases, dysmenorrhea in 40.0 %, and PMS
symptoms in 60.0 %.

In group III, a regular menstrual cycle was observed
in only 37.5 % of patients, while 62.5 % had an irregular
cycle. Menorrhagia was rare (6.3 %), whereas PMS
symptoms were reported by 75.0 % of women.

In the control group (group IV), menarche at 12—13 years
was observed in 78.6 % of women. A regular menstrual
cycle was maintained in 85.7 % of patients; menorrhagia
occurred in 7.1 %, and PMS symptoms were reported in
71.4 %.

Social status was assessed based on employment,
marital status, educational level, and the presence of
temporary or permanent absence from work.

In group Ia, most women were permanently employed.
Employment sectors included services, trade, and the
beauty industry (12 patients, 30.8 %), administrative
and office work (10 patients, 25.6 %), healthcare and
pharmaceutical fields (5 patients, 12.8 %), and education
and science (4 patients, 10.3 %). Eight women (20.5 %)
were temporarily unemployed or on leave. No pensioners
were identified in this group. Higher education was
reported in 27 patients (69.2 %), and 26 women (66.7 %)
were married.

ISSN 2226-2008 OJIECBLKUI1 MEJIMYHUI )KYPHAJI Ne 1 (198) 2026 41



KJITHIYHA IIPAKTHKA

In group Ib, 7 patients (77.8 %) were employed,
including 3 women (33.3 %) in the service sector, 2(22.2 %)
in administrative and office positions, and 1(11.1 %) each
in healthcare/pharmaceuticals and education/science.
Two women (22.2 %) were temporarily unemployed; no
pensioners were identified. Higher education was reported
in 7 patients (77.8 %).

In group II, the proportion of women who were
temporarily unemployed or retired was the highest
(6 patients, 24.0%). Among employed women,
administrative and office work (6 patients, 24.0 %) and
the service sector (7 patients, 28.0 %) predominated,
while healthcare/pharmaceuticals and education/science
employed 3 patients each (12.0 %). Pensioners accounted
for 4 women (16.0 %) in this group. Higher education was
reported in 16 patients (64.0 %), and 18 women (72.0 %)
were married.

In group III, most patients were socially active;
2 women (12.5 %) were temporarily unemployed, and no
pensioners were identified. Employment was most common
in the service sector (6 patients, 37.5 %) and administrative
and office work (4 patients, 25.0 %), while healthcare/
pharmaceuticals and education/science employed 2 patients
each (12.5 %). The majority of women had completed or
incomplete higher education.

In group IV, 4 women (28.6 %) were temporarily
unemployed or on leave, with no pensioners identified.
Among employed participants, the service sector (5 women,
35.8 %) and administrative and office work (3 women,
21.4 %) predominated. Higher education was reported in
9 women (64.3 %).

The leading clinical symptom in patients with
endometrial hyperplasia and endometrial cancer was

abnormal uterine bleeding (AUB), which was observed in
69.2-92.0 % of cases. Pain syndrome and dysfunction of
adjacent organs were more frequently reported in patients
with malignant pathology. The distribution of clinical
symptoms is presented in Table 1.

Analysis of comorbid conditions demonstrated
a predominance of cardiovascular and endocrine disorders
in groups with hyperplastic and malignant endometrial
changes, with the highest prevalence observed among
patients with endometrial cancer.

In groups Ia and II, cardiovascular diseases were
identified in 14 patients (35.9 % and 56 %, respectively). In
the control group, cardiovascular pathology was detected
in 3 patients (21.4 %). No cardiovascular diseases were
recorded in groups Ib and II1.

Endocrine disorders included diabetes mellitus and
thyroid dysfunction. In group Ia, diabetes mellitus was
diagnosed in 2 women (5.1 %), while thyroid disorders
were identified in 3 patients (7.7 %). In group II, diabetes
mellitus was detected in 5 women (20 %), whereas
thyroid dysfunction was observed in 1 case (4 %).
In group Ib, 1 case of diabetes mellitus (11 %) was recorded.
No additional endocrine disorders were registered among
women with PCOS.

Gastrointestinal diseases and anemia were observed
only sporadically, predominantly in patients with simple
endometrial hyperplasia and endometrial cancer. The
overall structure of comorbid conditions is presented in
Figure 1.

Ultrasound examination revealed clear intergroup
differences. Endometrial hyperplasia and endometrial
cancer were characterized by increased M-echo thickness,
structural heterogeneity of the endometrium, and altered

Table 1
The distribution of clinical symptoms
Symptoms Ia Ib 11 111
AUB 69.2 % 77.8 % 92 % 56.3 %
Pain syndrome 6 % 22 % 48 % 25 %
Dysfunction of adjacent organs - 7% 28 % 6.3 %
Watery discharge - 9% 20 % 12.5%
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Fig. 1. Structure of comorbid conditions
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vascularization, which correlated with the degree of
proliferative activity. In women with PCOS, ovarian
changes predominated with a relatively preserved
endometrium, whereas in the control group the echographic
pattern corresponded to the age-related norm.

A comparative characterization of the echographic
features of the study groups is presented in Table 2.

The obtained results are consistent with current
concepts of the pathogenesis of hyperplastic and malignant
endometrial diseases as outlined in the ESGO, ESMO, and
NCCN guidelines [5; 6; 7], which consider endometrial
cancer a hormonally and metabolically associated disease,
particularly in women with obesity and components of
metabolic syndrome. According to the ESGO/ESTRO/
ESP recommendations (2021-2023), excess body weight,
insulin resistance, and diabetes mellitus are defined as
key modifiable risk factors for the development of both
endometrial hyperplasia and endometrial cancer. In
our study, the mean BMI values in the hyperplasia and
endometrial cancer groups corresponded to class I obesity,
supporting the concept of a chronic hyperestrogenic
environment driven by peripheral aromatization of
androgens in adipose tissue as a central pathogenetic
mechanism.

The NCCN guidelines (version 2024-2025)
emphasize that in patients with endometrial pathology,
obesity and diabetes mellitus not only increase disease
risk but also worsen prognosis, affecting disease course,
complication rates, and overall survival. The high
prevalence of cardiovascular and endocrine comorbidity
identified in our study, particularly in the endometrial
cancer group, is fully consistent with these statements
and highlights the need for mandatory cardiometabolic
assessment of such patients already at the stage of
primary diagnosis.

Importantly, the ESMO Clinical Practice Guidelines
(2022-2024) consider abnormal uterine bleeding a key
early clinical marker of endometrial pathology regardless
of age, especially in women with obesity. In our study,
abnormal uterine bleeding was the dominant symptom
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in most patients with hyperplasia and in more than 90 %
of patients with endometrial cancer, supporting the
appropriateness of a more aggressive diagnostic strategy in
this category of women, including early hysteroscopy and
morphological verification.

The ultrasound characteristics identified in our study
(increased M-echo thickness, structural heterogeneity
of the endometrium, and increased vascularization) are
consistent with ESGO and NCCN recommendations,
which underline the role of transvaginal ultrasound
as the first-line risk stratification tool. At the same
time, the guidelines stress that echographic features
should not be considered in isolation and must be
interpreted in conjunction with clinical and metabolic
characteristics, which fully aligns with the concept of our
study.

Particular attention should be paid to the group of
patients with PCOS. According to ESMO and NCCN, PCOS
is regarded as a condition associated with an increased risk
of endometrial hyperplasia due to chronic anovulation
and hyperestrogenism without adequate progesterone
protection. Our findings demonstrating a predominance of
ovarian changes with a relatively preserved endometrium
in young patients with PCOS support the need for active
surveillance in this group, with a focus on prevention of
endometrial pathology.

Current ESGO/ESMO/NCCN recommendations also
emphasize the transition from purely morphological to
integrated clinicomolecular risk stratification. Although the
present study primarily focused on clinical and metabolic
profiles, the results confirm that these factors should serve
as the foundation for subsequent molecular classification
(POLE, MMRd, p53-abn, NSMP) and for selecting
individualized treatment strategies.

Thus, the study findings not only agree with current
international guidelines but also underscore their practical
relevance in real-world clinical practice. A comprehensive
assessment of clinical, metabolic, and echographic patient
profiles enables optimization of early diagnosis, risk
stratification, and personalized management of women

Table 2
Comparative characteristics of echographic features of the study groups
Feature Ia Ib 1] 111 v
Mean endometrial
thickness (M-echo, mm) 12.9 12.1 11.6 9.8+0.3 82+1.1
Endometrial structure H Heterogeneous,
eterogeneous, . Heterogeneous,
. > increased :
microcystic changes . increased Homogeneous | Homogeneous
(70 %) echogenicity echogenicity (72 %)
(100 %)
Endometrial . N . 0 Increased
vascularization Increased in 30 % | Increased in 50 % in 40 % Reduced Normal
Right ovary size (mm) 27 x 16+ 14 26 x 15+ 13 21 x 12411 35x26+24 | 31x19+17
g‘ng,lﬁ‘)t ovary volume 32408 3.0+08 16409 17432 48+0.9
Left ovary size (mm) 26 x 15 £ 13 25x14+£12 23 x 13 +£12 34 x25+23 30 x 18+ 16
Left ovary volume (cm?) 3.0+0.7 2.7+0.7 1.8+1.0 11.0+1.9 49+0.8
Follicles . o Single Multiple
Dominant (55 %) (37 %) Absent (24, 2-9 mm) Normal
Additional findings Fibroids (14,8 %), | Subserous fibroids Hydrosalpinx (20 %) Thickened No
hydrosalpynx (5 %) (33 %) y P °/| capsule (100 %) | pathology
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with endometrial pathology, fully consistent with the
modern paradigm of gynecologic oncology.

Conclusions
1. The clinical profile of patients with endometrial
pathology is characterized by a high prevalence of obesity
and cardiovascular and endocrine comorbidities.
2. Abnormal uterine bleeding is the leading clinical mani-
festation of hyperplastic and malignant endometrial changes.

3. Ultrasound features have high diagnostic value and
correlate with the severity of the pathological process.

4. Modifiable risk factors, particularly obesity and
metabolic disorders, play a key role in the progression of
endometrial pathology.

5. Integration of clinical, morphological, metabolic,
and instrumental data forms the basis of a personalized
approach to the prevention, diagnosis, and treatment of
endometrial diseases.
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Background. Modern warfare with widespread use of body armour has shifted the spectrum of combat injuries. The study aims to
describe the pattern of combat-related injuries from computed tomography (CT) imaging during the full-scale invasion of Ukraine and to
assess the predictive value of age alone employing machine learning methods.

Materials and methods. Opportunistic retrospective cohort study of 606 consecutively evacuated adult males who underwent CT at
a second-level medical centre from April 2022 to September 2025. Multiclass automated machine learning (H20 AutoML) was trained using
age as the sole predictor of CT-diagnosed injury category.

Results and discussion. No acute pathology was found in 50.3 % of scans. The most common findings were metallic foreign bodies
in soft tissues (25.5 %) and extremity fractures. Penetrating torso and severe traumatic brain injuries were rare (< 0.3 %). The age patterns
strongly influenced injury pattern: soft-tissue shrapnel wounds predominated in patients < 40 years, whereas fractures and degenerative
changes prevailed in older combatants. Over four years, the proportion of chronic and combined injuries increased 2—3-fold. The best-
performing generalised linear model achieved R? = 0.9996, but log-loss remained high (5.04) in middle-aged groups, confirming limited
predictive power of age alone.

Conclusion. CT remains a gold standard in stratifying combat injuries. Machine-learning models using demographic variables are
promising as clinical decision-support tools in resource-constrained wartime settings.

Keywords: computed tomography; combat trauma; machine learning; Ukraine war.
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BI3YAJIIBALISI BOMOBHX VIIKOIXEHb: TEMIIOPAJIBHA CTPYKTYPA TA JEMOIPA®IYHI
JETEPMIHAHTH

O0ecvkuti HayioHanbHull meouynuil ynigepcumem, Qoeca, Ykpaina

PerpocnexTiBHe JOCTimKeHHS KOMIT I0TepHOI ToMorpadii 606 mopanenux BilicekoBux 3a 04.2022 — 09.2025: 50,3 % mamienTiB 6e3
roctpoi maronorii. J{oMiHyBaIn MeTajeBi CTOPOHHI Tilla B M’KHMX TKaHMHAaX (25,5 %) Ta mepenoMu KiHIIBOK; TSKKi TOpakaibHi / deper-
HO-M03KoBa TpaBMa — < 0,3 % uepe3 edexr OpoHezaxucty. Buznaueno BikoBuii nmpodisb: < 40 pokiB — ynaMKoBi KOHTY3ii M’SIKUX TKaHWH;
> 40 poKiB — ePENOMH, TeMapTPO3H, IeTeHePATUBHI 3MiHH OTIOPHO-PYXOBOTO amapary. JliHiiiHa Mozenb e 3a BikoM jgocsria R? = 0,9996,
ane log-loss 5,04 Bka3ye Ha notpely 1onaTkoBUX npeankTopis. KoM roTepHa ToMorpadis 3aMIaeThest 30JJ0THM CTaHAAPTOM cTpaTudikanii
00IOBUX YIIKO/PKEHb. MalllMHHE HABYaHHS Ha JeMOrpa(iuHnX JaHUX Ma€ MOTEHI[ia SK IHCTPYMEHT MiATPUMKH pillleHb B YMOBAaX BiifHH.

Kurouosi ciioBa: xomm’otepHa ToMorpadis; 60iioBa TpaBMa; MaIIMHHE HABYAaHHS; BiifHa B YKpaiHi.

Introduction

Combat injuries differ from civilian trauma in being
predominantly penetrating or blast-related, caused by
fragmentation and firearms [1]. Protective equipment
such as body armor and helmets mitigates risk to specific
anatomical zones. The affected population primarily
consists of young, healthy men, which influences their
initial clinical status and rehabilitation potential.

© O. S. Herasymenko, V. M. Sokolov, T. K. Dorofeeva et al., 2026
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Conflicts in Ukraine, Gaza, Iraq, and Afghanistan have
refined imaging protocols and improved management of
military and civilian patients [2; 3]. Computed tomography
(CT) is the standard initial diagnostic modality for severe
injuries, guiding clinical decisions through rapid assessment
of injury extent and location [5—7]. In modern warfare with
explosives and high-velocity weapons, CT enables precise
injury evaluation and prognostic prediction [8].

Diagnostic complexity has driven integration of CT
findings with quantitative analysis. Although machine
learning (ML) predicts outcomes in traumatic brain injury,
wartime application in the Ukrainian healthcare system
demands infrastructural adaptation, external validation, and
consideration of combat-specific injury patterns [9—11]. This
study addresses the lack of regional analyses combining
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CT data with combat injury demographics, including age,
aligning with global ML trends for outcome prediction.

The aim of this research was to analyze the structure
of combat injuries using CT data among veterans wounded
during the full-scale invasion and to evaluate the role
of demographic factors in predicting injury typology
employing machine learning methods.

Materials and Methods

In an opportunistic, retrospective, observational,
descriptive study, a cohort of patients with combat-related
injuries was assembled, who were admitted to a second-
level medical center during the first four years of the full-
scale invasion (April 2022—September 2025). Adult male
patients (> 18 years) evacuated from the combat zone and
had undergone CT for clinical indications were included;
civilian patients were excluded. Data were obtained from
electronic medical records by targeted search by age, date
of examination, status, CT type, main radiological findings,
and surgical outcomes. All records were anonymized and
processed in accordance with the Declaration of Helsinki
and applicable national legislation; the study was approved
by the Ethics Committee of Odesa National Medical
University (protocol No. 2, Feb 3, 2025).

In~95 % of cases, brain CT was performed for suspected
traumatic brain injury (TBI); chest CT was done only in the
presence of external signs of injury or a specific request,
whereas routine chest assessment was done by radiography.
Imaging was performed using a NeuViz 64In multi-slice
CT scanner (Neusoft Medical Systems Co., Ltd., China)
with regular phantom calibration; quality control ensured
image homogeneity, noise level, geometric accuracy,
and Hounsfield unit consistency, thereby supporting
reproducibility of results.

To quantify the effect of age on injury type, a multi-
class H20 AutoML model [12] was developed, with
age as the only predictor and diagnosis category as the
outcome. For each patient, the model generated a set of
relative probability scores for membership in each class;
predictions were based on a linear combination of age
with learned weights and normalization of outputs to a
probability distribution. Automatic class balancing was
applied to address class imbalance, and hyperparameter
optimization was handled by the AutoML framework. To
improve robustness, k-fold (k = 5) cross-validation was
used; each fold produced a separate probability distribution,
which was averaged by the final ensemble model to reduce
random variation and increase prediction stability. Model
performance was assessed using log loss, mean per-class
error (MPCE), root mean square error (RMSE), and R?
[13]. After training, a final prediction table containing the
most probable diagnosis and the full probability spectrum
for all diagnostic categories were generated. Computations
were performed in R (ver. 4.3.2), and descriptive statistics
are presented as means and SD.

Research results and their discussion
Over 36 months, CT was performed in 606 patients
(mean age 37 £ 2 years): year 1 — 163(26.9 %); year 2 —
204(33.7 %); year 3 — 190(31.4 %); year 4 — 49(8.0 %).
Primary mechanisms were mine-explosive injuries
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(59.9 %) and falls (40.1 %). Over half (50.3 %) showed
no acute pathology, reflecting predominant use of CT to
confirm or rule out clinically significant conditions [5-7].

The largest group of structural abnormalities
comprised respiratory pathology (pleural and mediastinal
changes), predominantly chronic inflammatory processes
(sinusitis, pneumofibrosis), whereas specific infections
such as tuberculosis were less common; isolated cases of
emphysema, hydrothorax, or metastases (< 0.2 %) reflected
age-related or somatic comorbidity. ENT pathology (ear,
paranasal sinuses, orbit) was mostly chronic (sinusitis,
mastoiditis > 4 %), with isolated polyps and developmental
anomalies demonstrating CT diagnostic sensitivity.
Musculoskeletal pathology (= 5 %) primarily involved
degenerative-dystrophic spinal changes (osteochondrosis,
spondyloarthrosis) consistent with the age and occupational
profile of the combatant cohort, whereas isolated vascular
lesions (haemangioma, aseptic necrosis), CNS findings
(cysts, hygromas), and abdominal organ abnormalities
(hepatosis, hydronephrosis) were incidental and clinically
insignificant. Rare systemic diseases (sarcoidosis,
metastases, < 0.3 %) carried prognostic weight warranting
follow-up. Overall, non-combat pathology consisted of
chronic inflammatory and degenerative processes affecting
the respiratory system and musculoskeletal apparatus,
with nearly a quarter of scans showing no CT evidence of
pathology — confirming the rationale for CT use in early
detection of subclinical changes.

The structure of combat injuries comprised soft-tissue
injuries and isolated limb fractures (Fig. 1A), with a minor
proportion of intracranial or thoracic injuries.

This injury pattern is typical of modern combat, where
body armour and helmets substantially reduce lethality but
increase the proportion of musculoskeletal injuries (Fig. 2, 3).
It aligns with epidemiological trends in trauma patterns during
military conflicts of the past decades [14].

Over 25 % cases involved metal-density foreign bodies
in soft tissues, reflecting the predominance of contusion
and fragmentation injuries (Fig. 1B, 4).

Soft-tissue defects, including wounds with loss of
covering structures, were identified in 5.5 % patients
(Fig. 5), consistent with the frequency of open injuries
associated with blast mechanisms [2—3].

Mild traumatic brain injuries without visible CT
abnormalities (concussion and subclinical disturbances)
accounted for 3.3 %. Among fractures, lower-limb injuries
(tibia, femur) predominated, whereas upper-limb fractures
were less frequent; this pattern might reflect more effective
torso armour and the characteristics of blast loading, although
formal correlation analysis was beyond the scope of this study.

Thoracic injuries (haemothorax, hydropneumothorax,
lung contusion) were rare (< 0.3 %), supporting the
effectiveness of individual body armour. Isolated changes
of the middle ear, nose, and paranasal sinuses related to
blast acoustic trauma were also uncommon (< 0.2 %).

Lower-limb amputation states (0.7 %) and isolated
upper-limb  amputations reflected severe combined
injuries and required staged reconstructive management.
Postoperative changes (after laparotomy, splenectomy,
vertebroplasty), including follow-up examinations, were
recorded in fewer than 0.3 % of cases.
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Fig. 1. Patient K., 28. Fracture of the fibula with multiple fragments; cast applied. A. MSCT image
of the right lower leg (computed reconstruction). B. MSCT. Subtractive 3D reconstruction

Fig. 2. Patient L., 35. MSCT. Subtractive 3D reconstruction of the right lower limb. Distal metaphyseal fractures.
External fixation apparatus

WL: 800 WW: 1200 1 L-R: 12.9° S-1: 5.9° Roll: 0.0°

Fig. 3. Patient M., 27. Metal plate system osteosynthesis (MOS) of the orbital floor and anterior wall of the
maxillary sinus with metal plates: A. 3D reconstruction of the CT skull bone sequence. B. MSCT, axial projection
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Fig. 4. Patient N., 35. Gunshot fracture of the right scapula:
A. MSCT, axial chest projection. B. Subtractive 3D reconstruction

Fig. 5. Patient O., 28. MSCT chest, axial projection. Penetrating wound of soft tissues of the left anterior chest wall

The low proportion of metal-density foreign bodies in
bone, together with a relative increase in haemarthroses and
degenerative or post-traumatic changes, suggests a chronic
component of cumulative trauma (Fig. 6).

Degenerative-dystrophic ~ processes  (spondylosis,
arthrosis, retrolisthesis) were predominantly recorded in
patients older than 35 years and accounted for a minor
proportion of the total sample (< 1 %).

Role of age in injury frequency and severity

Analysis of clinical data from 2022-2025 revealed
distinct age-stratified patterns of combat injuries (Fig. 7).

In younger groups (< 40 years), superficial injuries
were more common, including infiltrates and metal-
density foreign bodies in soft tissues, whereas in older age
categories fractures and secondary degenerative changes
were observed more frequently.

For the 25-39 years age range, maximum density of
soft-tissue injuries, tibia fractures, and knee joint injuries
was noted. The increased frequency of loading-type
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injuries — tibia fractures, haemarthroses, and soft-tissue
haematomas — is consistent with previous observations in
combat personnel of this age [14].

In middle-aged patients (40-59 years), the injury
profile shifted towards chronic and combined processes:
osteochondrosis, scapula, clavicle, and pelvic bone
fractures were more frequent, along with metatuberculous
lungchangesassecondarypost-traumatic orreactive mani-
festations. This spectrum reflects the cumulative effect
of repeated mechanical loading with degenerative
tissue remodelling; some cases involved polytrauma
combining fractures, soft-tissue injuries, haematomas,
intra-articular haemorrhages, and vertebral compression
deformities. Such clinical heterogeneity produced the
greatest variability in this age group, complicating
differentiation and prognostication, driven by high
physical activity, prolonged overloading, and secondary
degenerative processes against a background of
microtrauma and post-stress musculoskeletal changes
[10; 12; 14].
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Fig. 6. Patient P., 31. Intra-articular comminuted fracture of the left knee joint involving the lateral condyles of the
femur, tibia, and patella. Pneumohemarthrosis. MSCT of the left knee joint: A. Axial projection of both joints.
B. Vertical reconstruction of the left joint (posterior). C. Subtractive 3D reconstruction of the left knee joint
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Fig. 7. Distribution of the most common diagnoses by age stratification (19—60 years). Axes: X — age groups;
y — normalised ranking of diagnoses by prevalence. BIBT — blast injury of bone tissue; BIST — blast injury of soft
tissue; FBBT — foreign bodies in bone tissue; FBST — foreign bodies in soft tissue; LDH — lumbar disc herniation;
MTB — mycobacterium tuberculosis; TB — tuberculosis; TBI — traumatic brain injury
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In older age groups (> 40 years), a decrease in incidence
was noted alongside an increase in mean injury severity.
Fractures of the radius, humerus, and femur predominated,
reflecting age-related local reductions in bone mineral
density and heightened risk of low-energy fractures.

A model of age impact

A multi-class generalized linear model (GLM) showed
strong performance: log loss = 5.04, MPCE = 0.308,
RMSE =0.99,R?=0.9996. The high R? value (with cautious
interpretation) indicates model stability, whereas elevated
log loss in middle-aged groups reflects increased data
entropy due to class imbalance and the limited predictive
power of age as the sole predictor [15; 16].

Comparison of model predictions with empirical
data confirmed that age alone is an insufficient predictor:
classification accuracy declined in the 30-59 years groups
due to greater diversity of clinical scenarios. Normalized
per-class accuracy varied substantially owing to uneven
observation distribution [17], whereas younger and
older cohorts showed more homogeneous classification
patterns. Probabilities greater than 0.7 were presently
considered as high model confidence, 0.3—0.7 as a zone
of clinical uncertainty, and less than 0.1 as improbable
outcomes.

Perfect classification accuracy (1.00) was achieved for
soft-tissue defects, epidural haematoma, lung contusion,
metatuberculous changes, and osteochondrosis, whereas
lower values (0.02-0.17) were characteristic of metal-
density foreign bodies in soft tissues, tibia fractures, and

femur fractures — conditions with over-representation or
complex morphology.

The full spectrum of predicted probabilities reflects
model confidence and enables ranking of pathologies
by reliability, rendering the approach suitable for initial
prognostication of lesion localization in CT diagnostics.
Combinations of high-probability comorbidities (eg,
pelvic fractures with internal haemorrhage) could support
automated generation of markers in clinical information
systems, aligning with contemporary approaches to
interpretable machine learning in clinical practice [6; 10;
11; 18-20].

Temporal evolution

Over 36 months, the temporal injury profile shifted
from predominantly acute soft-tissue injuries early in
the period to degenerative-dystrophic pathologies in
2024-2025. Soft-tissue injuries (metal-density foreign
bodies) showed decreasing frequency — from ~ 27 % in
2022 to 18-20 % in 2025 — reflecting reduced isolated
acute pathology amid stabilized combat loading and
improved primary care. Traumatic brain injuries
remained stable throughout (~ 45-52 % annually),
underscoring the persistent nature of severe combined
injuries (Fig. 8) and limited prevention opportunities in
combat conditions [8].

A temporal shift was also noted in the morphological
spectrum toward recurrent and combined injuries.
Osteochondrosis, haemarthrosis, and bone fractures
increased 2-3-fold compared with the initial period:
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Fig. 8. Distribution of diagnoses, 2022-2025. BIST — blast injury in soft tissue;
FBBT - foreign bodies in bone tissue; FBST — foreign bodies in soft tissue
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their combined prevalence rose from 1-3 % in 2022
to over 6-8 % in 2025, with haemarthrosis of the knee
joint showing peak frequency. The rise in degenerative-
dystrophic processes relates to accumulation of
post-traumatic sequelae, musculoskeletal overloading, and
ageing of the patient cohort.

Rare nosologies, nearly absent at the start of observation,
began to be recorded from 2024 onwards at moderate frequency,
including metatuberculous changes, soft-tissue defects, and
unique combined injuries. Overall, the traumatological profile
evolved from acute to chronic and polytraumatic patterns, with
implications for clinical prognostication, rehabilitation strategy
development, and inpatient resource planning [20]. This
study captured only a subset of wounded patients, as patient
distribution depended on evacuation availability, receiving
facility capacity, and need for specialized care.

KJITHIYHA IIPAKTHUKA

Conclusions

1. Computed tomography enables rapid severity
stratification of injuries and remains the cornerstone
diagnostic tool at second-level hospital admission.

2. Statistical analysis revealed age-related differences
in injury types: younger patients more frequently showed
multiple fragmentation injuries, whereas older patients
exhibited combined trauma dominated by cranio-cerebral
components and degenerative-dystrophic pathology.

3. The multi-class machine learning model demonstrates
potential for injury type prediction from demographic data,
supporting its use as a clinical decision support tool.

4. These findings validate the rationale for
implementing regional CT data analysis systems using
machine learning methods to enhance diagnostic accuracy
and outcome prediction for combat injuries.
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KOMIIJIAEHTHICTb I[ITEP'I_ I3 TEMOBJACTO3AMMU TA OXKUPIHHAM
Y IIEPIOAI IIIATPUMYBAJIBHOI TEPAIIIL: AHAJII3 BAP’E€PIB IIPUXHNJIBHOCTI

Opnecpkuii HallioHaNILHUI MeIMUHUI yHiBepcuteT, Oneca, YkpaiHa
YIK 616-006-053.2:616-056.52:616-08-039.73

M. JI. ApsieB, T. P Kenreabsin, JI. I. CenbkiBcbka

KOMILUTAEHTHICTH JITEM I3 TEMOBJIACTO3AMH TA OKHUPIHHAM y ITEPIOAI IMIATPUMYBAJILHOI TEPATIII:
AHAJII3 BAP’€PIB IPUXWJIBHOCTI

Ooecvkuti HayioHanbHull meouynuil yuigepcumem, Qoeca, Ykpaina

AKTyanbHicTh. [IpuXunbHIiCTS 10 JNTiKyBaHHS € KIFOYOBIM YUHHIKOM e()eKTUBHOCTI Tepartii nefiaTpuIHuX reMo0IacTo3iB, 0COONUBO Mix
Yac MiATPUMYBaJIbHOTO JTiKyBaHHS.

MerTa nocuikennsi. BU3HaunTH piBeHb KOMIUIAEHTHOCTI JI0 MiATPUMYBaNIbHOI Teparil y fiteif 3 reMobiacto3aMu Ha popMyBaHHS Tepa-
HEBTHYHOI IPHXUIEHOCTI.

Marepiaan Ta Metoau. ObcrexeHo 166 miteit Bikom 8—18 pokiB i3 reMobnacTo3amu, OXupiHHA BUsBIEHO Y 66(39,7 %). Kommmaent-
HICTb OIIIHFOBAJIM 32 KIIHIYHUAM 1 MOBEMIHKOBUM TiaxonamMu. CTaTHCTHYHUN aHai3 BkatoyaB OR, 95 % 11, Tounwuit Tect ®imepa.

Pesyasraru. [IpuiiHATHY KOMILTa€HTHICTE BcTaHOBIEHO y 84,9 % niteil. ®akropamu pu3uKy Oyl CTOMIICHHS BiJf JIIKyBaHHS, HU3bKHIT

COLIAIBHO-EKOHOMIYHHH CTaTyc, MiuTiTKoBU Bik Ta oxxupinas (OR = 3,23).
BucHoBkH. KoMIUIaeHTHICTh Mae My IbTH(AKTOPHUN XapaKkTep, a OKUPIHHSI MOXKe OyTH HE3aIe)KHUM IPEIUKTOPOM il 3HHKEHHS.
KutiouoBi ciioBa: nitu, reMo0nacTo3u, OXKUPIHHS, KOMIUIAEHTHICT, MiTPIMYBaIbHA Tepartis.

UDC 616-006-053.2:616-056.52:616-08-039.73

M. L. Aryayev, T. R. Kengelyan, L. 1. Senkivska

COMPLIANCE OF CHILDREN WITH HEMOBLASTOSIS DURING MAINTENANCE THERAPY:

AN ANALYSIS OF BARRIERS TO ADHERENCE
Odesa National Medical University, Odesa, Ukraine

Background. Treatment adherence is a key factor in the effectiveness of therapy in pediatric hemoblastoses, especially during maintenance

therapy.

Objective. To determine the level of compliance with maintenance therapy in children with hemoblastoses and to assess the factors

influencing the formation of therapeutic adherence.

Materials and methods. A total of 166 children aged 8—18 years with hemoblastoses were examined; obesity was detected in 66(39.7 %).
Compliance was assessed using clinical and behavioral approaches. Statistical analysis included OR, 95 % CI, and Fisher’s exact test.
Results. Acceptable compliance was established in 84.9 % of children. Risk factors included treatment fatigue, low socioeconomic status,

adolescence, and obesity (OR = 3.23).

Conclusions. Compliance has a multifactorial nature, and obesity can be considered an independent predictor of its decrease.
Keywords: children, hemoblastoses, obesity, compliance, maintenance therapy.

Beryn

lemo6macTo3n 3amUIIAIOTECS ONHIEID 3 MPOBIIHUX
TMPUYUH OHKOJIOTIYHOT 3aXBOPIOBAHOCTI B JUTAYOMY BiIli
Ta CTAHOBJATH 3HAYHYy 4YacTKy 3JIOSKICHHX HOBOYTBO-
peHb y neniarpuyuHiil nonynsuii [4; 13]. 3aBasku BripoBa-
JUKEHHIO CyYacHUX IPOTOKOJIIB JIIKYBaHHs, iHTeHCH(iKamil
xiMioTepartii Ta pO3BUTKY HiATPUMYBaJILHOI Teparlii piBeHb
BI)KMBAHOCTI JITEH 13 JIeHKeMi€r0 3HaYHO 3pic i B OKPEMHX
rpynax nepesumye 85-90 % [3; 13].

Pazom i3 THM e(eKTHUBHICTH JIKyBaHHS 3HAYHOIO MipOFO
3aNIe)KATh HE JIMIIE Bifl O10JIOTIYHUX OCOOIMBOCTEH MyX-
JUHA ¥ aJIeKBaTHOCTI TEPalieBTUYHUX IPOTOKONIB, aie W

© M. JI. Apsies, T. P Kenrenbsin, JI. I. CeHbkiBcbka, 2026

CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT ': B

BiJl piBHS KOMIUIA€HTHOCTI MAIIEHTIB 10 JiKyBaHHs [5; 7].
HenocrarHst mpuXWiIbHICT 10 Tepartii, 0COONMBO TiJ yac
TPUBAJIOTO €Taly MiATPUMYBAIBHOTO JIIKYBaHHS, MOXE
MIPHU3BOIUTH IO 3HIKCHHS IHTCHCUBHOCTI Tepartii, miaBH-
IICHHS PU3UKY PEIMIUBY Ta MOTIPIICHHS IPOTHO3Y 3aXBO-
proBanH1 [8; 14; 15].

[IpoGmeMa KOMILTA€HTHOCTI B IUTSAYiH OHKOTEMATO-
yorii Mae MynapTH(aKTOpHUN XapakTep. OXUPIHHS PO3-
TISAA€THCA K OOUH 13 3HAYYIINX (aKTOpPiB, M0 BILIMBA-
I0Th Ha Nepedir OHKOJIOTIYHIX 3aXBOPIOBAHD Y JUTIIOMY
Billl Ta acCOIIIOETHCS 3 TOTIPHIEHHSM JTOBIOCTPOKOBUX
pesynbrariB gikyBanHs [10]. JlocnimkeHHs cBig4ars, 1o
Ha DIBEHb MPHUXWIBHOCTI JI0 JIKYBaHHS MOXYTh BILIH-
BaTH ICHXOJOTIYHI, TOBEIIHKOBI, COIiaTbHO-eKOHOMIUHI
Ta cimelHi dakropu [5; 7; 11]. OcobnuBe 3HaYECHHST Mae
MUIITKOBUH BIK, SKAH aCOILIIOETHCS 31 3HIKEHHSIM KOHT-
poiio 3 OOKy OaThKiB i 3pOCTAaHHIM CAaMOCTIHHOCTI ITaIli-
eHTiB [1; 6].
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OxpeMy yBary OCTaHHIM 4acoM MPUALISIOTH IPooIeMi
OXKHPIHHS y JITEH, sIKi ePEHECIIN OHKOJIOTIYHI 3aXBOPIO-
BaHHA. 3a JAaHUMHU JIOCHI/DKEHb, MOIIMPEHICTh OXKUPIHHS
cepel Ii€i KaTeropii MAIli€HTIB € 3HAYHO BUILNOK, HIXK
y 3aranpHifl momynsmii, i Moxke mgocsratu 15-56 % [2].
O’KUpiHHA MOXKE HETraTHBHO BIUIMBATH SK Ha (i3WIHUHA
CTaH JUTHHH, TaK 1 Ha 1l MCUXOEMOUIWHUH CTaTyc, IIO
MTOTEHITITHO 3HIKY€ MPUXWIBHICTE 10 JiKyBaHHS [9].

Bomrouac B3a€MO03B’ 130K MiK METaOOIIYHIMHE OPYIIICH-
HSIMH, TICHXOEMOLIIHHIM CTAHOM 1 TEPaIeBTHYHOIO MPUXHIIb-
HICTIO Y JiTeH 3 reMo0IacTo3aMH 3aJIUIIAETHCSI HEAOCTaTHRO
JOCITIIDKEHUM, 1110 00YMOBITIOE HEOOX1IHICTh KOMILIEKCHOTO
BUBYEHHSI (h)aKTOPIB PU3HKY HEKOMILIAEHTHOCTI.

VY 3B’s13Ky i3 IMM BHUBUEHHS (DaKTOPIB, SKi BILTUBAIOTH
Ha KOMIUIAEHTHICTh MiJi 4Yac MHiATPUMYBaJIBHOI Tepamii
y AiTel i3 TeMOo0IacTO3aMH, € BXIIMBUM ISl OIITAMI3aIi|
JIKYBJIBHOI TAaKTHKHM Ta IOKPAIIEHHS JOBrOCTPOKOBHX
pe3yabTariB Tepamii.

MeTa pocaiTeHHs1 — BU3HAYUTH PiBEHb KOMILIAEHT-
HOCTI JI0 MATPUMYBAIBHOI Tepalii y AiTel 3 reModmacTo-
3aMHM ¥ OLIIHUTH BIIMB MEAUYHUX, KOTHITHBHO-EMOIIIHHUX
i comianpHO-IeMorpadiuHux (aKTOpiB, 30KpeMa OXH-
piHHA, Ha HOpMyBaHHS TEPANEBTUIHOI IPUXUIBHOCTI.

Marepiajiu Ta METOAH AOCTiZKEHHS

JocnimpKkeHHsT MPOBEACHO BIINOBIAHO /0 NPUHIMIIIB
lenbcincbkoi mekiapauii Ta MpaBWI HAJEKHOT KIIHIYHOT
MpakTHKH. [IpOTOKON JOCIIIKEHHS CXBAJICHO JIOKAJIBHUM
ernuauM komiterom KHIT «Onecrka obitacHa nursiya Kiii-
HiyHa jikapas» OOP (mpotoxon Ne 32 Bing 10.02.2022).
Bin 6arbkiB miTeit Oyio OTPUMaHO THCEMOBY iHPOPMOBaHY
3rofy.

Kpurepii BkmtodeHHS: TiTH BikoM 8—18 pokiB 3 miarBep-
JOKEHUM J[1arHO30M TeMO0JIacTo3Yy, SKi IPOXOIUIN MiATPH-
MyBaJIbHY TEPAITiio MiciIst 3aBEPIICHHS iIHTCHCHBHUX €TalliB
JIIKYBaHHS Ta MaJId JaHi IS OIIHKHA KOMIUTAEHTHOCTI Ta
0ap’epiB MPUXUILHOCTI.

Kpurepii BUKITIOUEHHS: BIACYTHICTh KIIOYOBHX JAHHX
II0JI0 KOMIUTAEHTHOCTI / Gap’epiB; TSHKKI CYIyTHI CTaHH,
110 YHEMOXKJIMBIIIOBAJIM OL[IHKY ITOKa3HUKIB.

Jdo nocmimkenHs 3amydeHo 166 miteir (96 xmomuu-
kiB Ta 70 niBuarok). CTpyKTypa 3aXBOPIOBaHb BKIIIOYAJIa:
roctpuil nimMdobnacTHuil neiko3 — 86(53 %), rocrpuit
MienobmactHuid seriko3 — 16(10 %), HEXOKKIHCEKI JTiM-
¢domu — 18(11 %), mimdorpanynemaros — 31(19 %), ricTi-
ountos — 8(5 %), XpoHiuHa MienmoinHa sefikemist — 4(2 %).
OsxupinHg giarHoctoBaHo y 66 miteit (39,7 %) 3a kpure-
pissmu BOO3: IMT > 95-ro nepueHTHIsA /I BIKy Ta CTari.

OriHKa KOMILJIA€HTHOCTI IPOBOAMIACA 13 3aCTOCY-
BaHHSAM TpPbOX MimxoxmiB. Kniniunmi miaxix mepeabauas
OLIIHKY BIiAMOBITHOCTI ()aKTMYHO OTPHMAHMX JI03 XiMio-
Teparii NMpU3HAYeHOMY NPOTOKONy JiikyBaHHA. [loBeniH-
KOBHI TI/IX1/1 OIIHIOBAB CTYIiHb BiIOBITHOCTI MTOBEIIHKA
Tali€eHTa MEIMYHAM PEKOMEHanisM (peryssipHicTh IpHi-
MaHH JIIKApCEKUX 3ac00iB, JOTPUMaHHs rpadika Bi3HUTIB
no mikaps). Jloka3oBwii (CTaTUCTHYHMIA) MiAXid mependa-
YaB BH3HAYECHHS NOPOTY NMPUIHATHOI KOMIUIA€HTHOCTI Ha
OCHOBI 11 3B’SI3Ky 3 KIIIHIYHUMH HACIiKaMH.

KareropiansHi 3MiHHI HaBeneHO K n (%) 3 AOBipYNM
inTepBaioM 95 % (95 % [1). [yt nOpiBHSHHS IPYI BUKO-
pucrano Tounuii Tect Oimepa. s omiHky acouianii po3-

KJITHIYHA IIPAKTHUKA

paxoByBaiu BinHomieHHs manciB (OR) 3 moBipuum iHTep-
BasioM 95 % (95 % [I). CTaTucTiuuHO 3HaUyIIUMU BBaXKATIH
BiIMIHHOCTI, k1o p < 0,05. AHaji3 CTATUCTUYHUX NAHUX
MPOBOJIVJIH 13 3aCTOCYBAHHSM IMaKeTa CTATUCTHYHHUX IIPO-
rpam SPSS (Bepcis 26.0, IBM Corp., CILIA).

Pe3ysbTaTn gociaixkeHHs Ta iX 00roBopeHHs

[Tig wac iHTeprpeTaliii pe3ynbTaTiB BpaXOBYBaJH, IO
B HAyKOBifl JiTepaTypi BiIICYTHIH yHiBepcaJbHHUIl MOpir
KOMILTa€HTHOCTI JJIS BCiX THIIIB TeMOOIACTO3iB. Y TOCTpHI
nepios] JiKyBaHHS MPUHHATHUM BBaYKA€THCS PIBEHb KOMII-
naeHTHOCTI 95—100 % (ONTUMATIBHUM € TOBHE TOTPUMAHHS
TEpaeBTHYHOro npoTtokony). Jlns HalinommpeHimoro
JTUTSIYOr0 TeMOo0IacTO3y — rOCTPOro JTiMpoOdIacTHOTO ek -
KO3y — JOKQ30BO BCTaHOBJICHO, 1110 PiBEHbh KOMIUIAEHTHOCTI
i1 yac miaATpuMyBasibHOI Teparii > 95 % acouitoeTbes 3i
3HWKEHHSAM PU3UKY penuauBy [4].

Y mpoBeneHOMY IOCHIPKCHHI pPIBEHb KOMILIAEHT-
HOCTI TiJX 4Yac IHAYKIIHHOI Ta KOHCONINAIHOI Teparmil
OyB HaOMIDKEHUM J0 ONTHMaibHOTO (> 95 %) 1 cTaHOBUB
97,2 % (95 % Al 93,8-99,1). Haromicte Ha erami mix-
TPUMYBAJIBHOI Teparii KOMIUIA€HTHICTh 3HIKYBaiacs IO
84,9 %. Otpumani pe3yiabpTaTd CBiI4aTh, MO MiATPUMY-
BaJIbHA Tepallisi € KPUTUYHUM €TaroM JIKYBaHHS, il yac
SIKOTO PU3UK 3HWKEHHS TEpareBTUYHOI MPHUXHIBHOCTI €
HaiOLIb BHCOKUM. Li maHi y3romkyrThCs 3 pe3yiibTra-
TaMH Cy4aCHUX MD>KHAPOJHUX JJOCIIPKEHb, SIK1 II0Ka3yIOTh,
1110 caMe Ha eTali HiATPUMYBaJIbHOI Teparii IPUXUIbHICTD
IO JTIKyBaHHs 3HIXKYEThes 10 70-90 % [15].

3 MeTo10 BU3Ha4eHH (paKkTOpiB, OB’ SI3aHUX 31 3HIKEH-
HSM KOMIUIA€HTHOCTI, OyJIO MPOaHalli30BaHO MOTCHIIIHHI
Oap’epu JIiKyBaHHSA, SIKi YMOBHO TO/ILJICHO Ha KOTHITHBHO-
eMOIiHI, MEeIWYHI Ta colianbHO-IeMorpadiuni. Pesyms-
TaTH aHaJi3y KOTHITHBHO-eMOLIWHUX (haKTOpiB HaBeIeHO
B Tabm. 1.

STk BUIHO 3 TaOMHII 1, CTATHCTHYHO 3HAYYIIHIA 3B’ 130K
i3 HEKOMIUIAEHTHICTIO BCTAHOBJIEHO JJIsI «KOHKPETHOI'O
tury mucieHHs» (p < 0,001), inaAnBiAyaIbHUX MCHXOJIO-
rivaux ocobmuBocted nauienta (p = 0,003), HasBHOCTI
oxupinns (p < 0,01) ta crurmaruzanii abo OyniHTy miTeil
3 oxupinasM (p = 0,001). HaroMicTh HeraTHBHE CIIpHIi-
HATTS XBOPOOH 200 MOTaHOTro NPOrHO3Y HE IPOAEMOHCTPY-
BaJIO CTaTUCTUYHO 3HAYYIIOI acolfiamii 3 piBHEM KOMILIa-
€HTHOCTI.

AHami3 TOTEeHIIMHNX MeAWYHHX (PAaKTOpiB HAaBEICHO
B TaOmI. 2.

Cepen MEOUYHUX YWHHHKIB CTATHCTHYHO 3HAUYIITHHA
BIUIMB Ha HEKOMILJIAEHTHICTh MaJld MOOIUHI eeKTH JIiKy-
Bauus (p = 0,029), TpuBana Teparis Ta «CTOMJICHHS Bi[
aikyBanHs» (p < 0,001). Iamii ¢akropu, 30KkpeMa HEpo3y-
MIHHS MEIMYHUX IHCTPYKIIii a00 HEMOCTATHS KOMYHIKaIis
3 MEIMYHUM IIEPCOHAIOM, HE [TOKa3aJIM CTAaTUCTUYHO 3Ha-
YyIIOTO 3B’S3KYy 3 KOMIIIAE€HTHICTIO.

Pesynpratn anamizy cormianbHO-geMorpadiuHux dak-
TOpiB HaBeNeHI B Tabnm. 3. AHami3 mokas3aB, MO MiIITKO-
Buit Bik (p < 0,001), HU3BKHIA COIiaTEHO-EKOHOMITHHUN
craryc cim’i (p < 0,001) Ta HasBHiICTH OpaTiB i cectep
y cim’i (p = 0,012) Oynu acoriifioBaHi 31 3HIDKEHHAM KOMII-
nmaeHTHOCTI. CTaTh MAIlieHTa i OCBITHIN piBeHb OATHKIiB HE
MPOIEMOHCTPYBAJIN CTAaTHCTUYHO 3HAYYIIOTO BIUIUBY Ha
PIBEHb TEpaneBTHYHOT IPUXUIBHOCTI.
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Tabmuus 1
IToTeHuiiiHi KOrHiTUBHO-eMONiliHi 0ap’epu KOMILIa€EHTHOCTI A0 Tepamii AiTel i3 remod1acTozamu
Bap’ep HpﬂileﬂTﬂ.a Henpm‘«imn'ﬂa Teer
KOMILIAEHTHICTH KOMILJIAEHTHICTH .
Nl % | 5% | n | % | 95%n | Cluepap
«KoHkpeTHe MUCTICHHSDY 9 6,4 3,4-11,7 16 64,0 44,5-79,8 <0,001
[Toranwuii mporuo3 20 14,2 9,4-20,9 5 20,0 8,9-39,1 0,542
IHuBiAyabHI 0COOIUBOCTI MAIliEHTA 6 43 2,0-9,0 6 24,0 11,5434 0,003
HeraruBHe cipuifHATTS XBOpOOU Ta JTiKyBaHHS | 29 20,6 14,7-28,0 8 32,0 17,2-51,6 0,204
O>KUpiHHS 50 35,5 27,6-44,1 16 64,0 42,5-81,5 <0,01
Crurmaru3aiiist ta OyJiHT AiTel 3 OKUPIHHAM 7 5,0 2,4-9,9 7 28,0 14,3-47,6 0,001
Tabmuusg 2
IoTenuiiini Menn4Hi 6ap’€pu KOMIJIACHTHOCTI 10 Tepamii aiTeii i3 reMod/acTo3amu
HpniinsiTHa HenpniinaTna
Bap’ep KOMIJIAEHTHICTh KOMIJIAEHTHICTH p (Pimepa)
n % 95 % J1 n % 95 % 1
Hepo3yMmiHHS METUUHUX THCTPYKILiit 10 7,1 3,9-12,6 4 16,0 6,4-34,7 0,231
[Torana KOMyHiKaIlist 3 MEANEPCOHATIOM 7 5,0 2,4-9,9 3 12,0 4,2-30,0 0,176
[ToG6iuHi edexTH TIKyBaHHS 8 5,7 2,9-10,8 5 20,0 8,9-39,1 0,029
TpuBaina Teparisi, «CTOMJICHHsD BiJT JIIKyBaHHS 4 2,8 1,1-7,1 9 36,0 20,2-55,5 <0,001
Taomms 3
HoTenuiiini couiaabHo-AemMorpadiuni 6ap’epn KOMILIACHTHOCTI 10 Tepamii AiTeil i3 remod1acTo30M
Mowuii . HenpniinsiTHa
Bap’ep PHITHATHA KOMILIAEHTHICTH KOMILIACHTHICTE p (®imepa)
n % (95 % 1) n % (95 % JI)
Husbkuii OCBiTHIH piBeHb 19 13,5 8,8-20,1 5 20,0 8,9-39,1 0,367
ITiriTkoBU# BiK 10 7,1 3,9-12,6 12 48,0 30,0-66,5 < 0,001
Crarb (40510Bi4a) 76 53,9 45,7-61,9 12 48,0 30,0-66,5 0,666
[ToraHi couianbHO-€KOHOMIYHI YMOBU 11 7,8 44-134 13 52,0 33,5-70,0 <0,001
HasiBHicTh cHOITiHTIB 45 31,9 24,8-40,0 15 60,0 40,7-76,6 0,012

Jlyiss KUTbKICHOT OIIHKK CHJIM acoMiaiii MiX OKpe-
MuUMH (hakTopamMy Ta HEKOMILIAEHTHICTIO OyJi0 po3paxo-
BaHO BigHOmeHHs 1aHciB (odds ratio, OR) 3 noBipunmu
inTepBanamu 95 %. 3 ycix npoananizoBaHux (GakTopiB 10
¢iHanpHOI MoOJeni BiZHOLICHHS INAHCIB OyJ0 BKIFOYEHO
YOTHPH HaWHOLIBII KIHIYHO 3HAYyIll TNPEJUKTOPH, SKi
MPOAEMOHCTPYBAJIHM CTATUCTHYHO JIOCTOBIPHY acoLialio 3
HEKOMIDTAEHTHICTIO Ta Ml HalOuIbIy cuity 3B°s3Ky. o
HUX HaJEXalld CTOMJICHHS BiJ| JIIKyBaHHS, HU3BKUI COIIi-
AIBHO-eKOHOMIYHHH CTaTycC, MiUTITKOBUH BiK Ta OKUPIHHS.
Bubip mux ¢pakTopiB 3yMOBIEHHUH iX KIIHIYHOIO peIeBaHT-
HICTIO Ta 3JaTHICTIO BioOpa)kaTH Pi3HI KOMIIOHEHTH 0io-
HCcHUXOcolianbHOi Mozeni  (OpMyBaHHsS —TeparneBTUYHOL
npUXHIbHOCTI (Tabm. 4). Ha puc. 1 npeacraBieHo HEKOpH-
roBaHi BigHommeHHs manciB (OR) mist ocHOBHEX (axTopiB,
SIKI IPOZAEMOHCTPYBAJIM CTATHCTHYHO 3HAYYIy acOLialiio
3 HEKOMIUIAEHTHICTIO.

Tabmus 4
DaKTOPH PU3UKY HEKOMILIAEHTHOCTI
110 MATPUMYBaJbHOI Tepamii

®DaxkTop OR P
CTOMJICHHS BiJl JIIKyBaHHS 19,3 | <0,001
Husbkuii conianbHo-ekoHOMiyHMH cratyc | 12,8 | < 0,001
ITigmiTkoBUi BiK 12,1 | <0,001
OXUpiHHS 3,23 | <0,01
54

OTpuMaHi pe3ynbTaTd HiITBEPIUKYIOTh, L0 TepareB-
TUYHA MPUXWIBHICT (KOMIUIAEHTHICTB) IO JIKYBaHHS
y ZiTei 13 TeMo0JIacTO3aMU € CKJIaJHUM 0arato(hakTOpHUM
(heHoMeHOM, SIKMH (QOPMYETHCS MiJl BIUIMBOM KIIIHIYHHX,
MICHUXOJIOTIYHUX Ta COIIaJbHO-€KOHOMIYHHUX YMHHHKIB [5;
7; 11]. IlcuxoemomniiiHi MOPyIIEHHS Ta TPYAHOLII aarTarii
€ BaXJIMBUMH YMHHUKAMH, IO MOXYTb 3HHKYBAaTH IIpHU-
XUIBHICTH JI0 JIKYBaHHA Y JiTeH 3 OHKOJOTiYHUMH 3aXBO-
proBanasmu [12]. Le y3romxyerbes i3 cydacHOIO Oiomcu-
XOCOMIaJbHOI MOAEIUTI0 (hopMyBaHHS KOMIUIA€HTHOCTI
B MeiaTpUIHIH OHKOT€MAaTOJIOT 1.

V Halomy A0CiKEHH]I BCTAHOBJICHO, 1110 PIBEHb TEpa-
MEBTUYHOT IPUXUIBHOCTI JI0 Tepariii OyB BUCOKUM Ha eTa-
nax iHTEeHCHBHOTO JIIKYBaHHs, POTE 3HM)KYBABCs MiJ yac
niaTpuMyBasibHOI Teparii. [logiOHa 3aKOHOMIpHICTE OMU-
CaHa B YHMCJIEHHMX MDKHapOAHUX aociikeHHAX. OnHak
cucremarnunuii onsi Zeng XL et al. (2023) nokasas, 1o
PiBEHb KOMIUTAEHTHOCTI y iTel i3 roctpum jimdoodnact-
HUM JIGHKO30M TiJ Yac MiATPUMYBalbHOI Teparmii KOJH-
BaeThes B Mexkax 70-90 %, Tomi K onTHMaIbHUN PiBEHB
MPUXWIBHOCTI TOBUHEH mepeBuiyBatn 95 % [15].

Y mpoBeneHOMY JOCTIKEHH]I TaKOXK BCTAHOBIICHO, III0
OKpeMi BHIAJKH HETIOBHOTO BHKOHAHHS IIPOTOKOIY JIKY-
BaHHs Oynu 3adikcoBani y 15 marrientis (9,0 %; 95 % I
4,7-13,4), 1m0 MOXKe pO3TIAAATUCS SIK TOTCHIIAHIMA (ak-
TOP 3HW)KEHHS TePaNleBTHYHOT MPUXHUIBHOCTI.
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Forest plot harTopie HEKOMAAAEHTHOCTI
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Puc. 1. Forest plot ¢pakTopiB HeKOMIIa€HTHOCTI A0 MiATPUMYBAJIbHOI Tepamii y aiTeii 3 remo0aacTo3amMu

*[IpumiTka. Toukn BinoOpaxarots BigHomenHs mwanciB (OR). Beprukanbna ninis Bignosizae OR = 1.

HaticumpHimuM (akTopoM y HAIIOMy TOCITIIKCHHI €
«CTOMJICHHSI BiJl JIIKyBaHHS», [0 BUHUKA€ 332 TPHUBAJIOTO
TepamneBTrnyHOro npouecy (OR = 19,3; 95 % AI: §,1-45,9;
p < 0,001). Le#t pesynsrar MiATBEPIKYE, IO TpUBAIE
JIIKYBaHHS, HEOOXIAHICTh PETYIISAPHOTO MPUAMAHHS JIiKap-
ChKHUX 3ac00iB, yacTi rocmiTamizamii Ta HasBHICTEL MMOOIY-
HUX e(eKTiB Teparii MOXKyTb IPU3BOIUTHU JI0 IIOCTYIIOBOTO
3HIDKCHHST MOTHBAIIl TAIi€HTIB Ta X POJAWH IO TOTPH-
MaHHSI TEPaNeBTUYHOIO PEXUMY, LIO ITJKPECIoe HeoO-
X1JTHICTh TICHIXOJIOT1YHOT MIATPUMKH W OCBITHIX Hporpam
Juist manienTiB. e heHoMeH po3mIsinaeThecs B Cy9acHUX
NOCHIUKEHHSIX SK ONWH 13 KIIIOYOBHX ITOBEIIHKOBHUX
(haxTOpiB 3HIKECHHS TEPANIEBTUYHOI IPUXMIBHOCTI y AiTeH
3 OHKOTEMAaTOJIOTIYHIMH 3aXBOPIOBaHHAMU [§].

Takok BCTAHOBJIEHO, III0 HHU3BKHMH  COILaJIbHO-
exoHoMiuHn# ctaryc (OR = 12.8; 95 % JI: 5,4-30,1;
p <0,01) Ta mimmitkoBuii Bik (OR=12,1; 95 % M1: 4,9-28,7,
p < 0,01) acouitoroTbcst 31 3HAYHUM T IBULIECHHSIM PU3UKY
HOpPYIIEHHS TePareBTUUHOT0 pexxumy. [1onioHi pesynbraTu
Oyau OTpUMaHi B JOCHIDKCHHSIX MIOAO COIIATbHHUX
i CiMEHHHX JeTepMiHAHT HUPUXWIBHOCTI 10 JIIKyBaHHS
B JIUTsYii oHKoJoOTIl [6]. Lle MOSCHIOEThCS SK BiKOBHMU
TICUXOJIOTIYHUMH OCOOJIMBOCTSIMH, TaK 1 IOCTYHNOBUM
3MEHIICHHSIM KOHTPOJIO 3 OOKY OaThKiB.

BaxxMBHM pe3ysIbTaToOM HAIOTO JOCIIJDKCHHS € BCTa-
HOBJICHHS 3B’S3KYy MDK OXXHPIHHAM 1 3HIDKCHHSIM KOMII-
nmaeHTHOCTI. OTpuMaHi [aHi JalOTh 3MOTY PO3IISAATH
OXKHUPIHHA  SIK HE3ISKHUH INPEAUKTOp  3HIKCHHS
KOMIUTAEHTHOCTI M dYac MATPUMYBAJIbHOI —Teparii
(OR=3,23;95% AI: 1,4-7,2; p<0,01). IIpo kmiHiyHE 3HA-
YEHHsI O)KUPIHHS B KOHTEKCTI TeMOOJIacTO3iB y JIITEl Takoxk
CBITYMTH 3B’SI30K MK CTUTMATH3AIli€l0 / OyIIiHTOM TTEH 3
OXXHMPIHHSM 1 3HIKEHHSIM KoMIutaeHTHOCTI (p < 0,001). 3a
JaHUMHU CY4YacHHMX JOCIIJUKEHb, MOLIIMPEHICTh OXHUPIHHS
cepeq JiTeH, sIKi HepeXXuian TeMo0IacTo3H, 3HAYHO TIEPEBH-
LIy€ MOKa3HUKH 3arajbHOI MOMYJIALIl Ta MOXe CTAHOBHTH
15-56 % [2]. Orpumani pe3ynbTaTd Nar0Th MOXJIMBICTH
PO3TIIAIATH OKUPIHHS HE JIHIIE SIK MeTaOOJIYHIIA CTaH, aie
1 IK TOTSHIIIHAUIN TICHXOCOIIaTbHAN (PaKTOp PU3HKY ITOPY-
IICHHS TePareBTUIHOT MPUXUWIFHOCTI y JiTel 13 remMobac-
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TO3aMH Ta MiJIKPECITIOI0Th BXKIUBY POJIb MCUXOEMOIIIMHIX
(hakTopiB y (hopMyBaHHI HEKOMIDIA€HTHOCTi. BusBIEHO,
II0 KOTHITUBHI OCOOJHMBOCTI MHCJIEHHS W iHIAWBiTyanbHI
TICHXOJIOTiYHI XapaKTePUCTHKH TMAIlieHTa MOXYTh CYyT-
TEBO BIUIMBATH HA JOTPUMAHHS TEPAIEBTUYHOTO PEKUMY.
OI1liHKa MMCUXOEMOIIIHHUX TOPYIICHb A€ 3MOTY BHSBIISITH
IHTepHaJTi30BaHi po3naau (TPHUBOTrY, NIENPEciio) Ha paHHIX
eTamnax i CBoe4acHO CKOpHUTyBaTH cynposif. [linTBepmkeHo,
IO MICUXOJIOTIYHI XapaKTePUCTHKH MAIliEHTa Ta CIMECHHOTO
CEpe/IOBHINA € BAXJIMBUMH JCTCPMIHAHTAMH TEPANCBTHY-
HOI IPUXWIBHOCTI B TUTAYiH OHKoreMaromorii [7; 11].

[MepeBaroro 1BOr0 AOCIIKEHHSI € BIIHOCHO BEITUKA
BHOIpKa MAIi€HTIB i3 PI3HUMH THIIAMH TE€MOOIIACTO3iB,
3aBISIKM 4YOMY BJANIOCS KOMILICKCHO OI[IHHTH MEWYHI,
MICMXOEMONINHI # comianpHO-nemMorpadivni pakropu ¢op-
MYBaHHS TEPANEBTHYHOT MPUXHUIBHOCTI.

OTpuMaHi JaHI MalOTh BaK/IMBE KIIHIYHE 3HAYCHHS,
OCKIJIBKH JIAroTh MOXKJIMBICTh inenTudikyBarTu
KJIFOYOBI  (DaKTOpH PU3UKY 3HWKEHHS TepareBTHYHOL
MPUXWIFHOCTI Ta MOXKYTh OyTH BUKOPUCTAHI JIs pO3POOKH
IH/IMB1TyaTi30BaHUX MPOTPaM IICUXOJIOTIYHOI 1 COMiaIbHOT
MIATPUMKH JITEH 13 TeMOOIaCTO3aMH.

TakuM YUHOM, pe3yIbTaT! JOCIIKCHHS CBiT9aTh, 110
HEKOMIUTA€HTHICTh y HiTeH i3 remoOmacro3amu (opmy-
€ThCA B MeKax Ol0ICHXOCOI[aabLHOI MOJENI, ¢ KIIHIYHI,
TICHIXOJIOTIYHI Ta COLiahbHO-eKOHOMIYHI (pakTopm B3aeMo-
IIOTH MK coboro. Lle minkpecitroe HeOOXiTHICTE MYJIBTH-
JTUCHHTUTIHAPHOTO TIAXOAY O BEICHHS TaKWX ITAIli€HTIB,
SIKMIA Mae repeadadaTy He JIUIIE ONTUMI3AII0 MEeIUKaMeH-
TO3HOI Teparii, aje i NCUXOJIOTYHY MIATPUMKY, COL[IaIbHY
JIOTIOMOTY ¥ iHIMBifyaii3oBaHi cTparerii ImmiJBHICHHS
KOMIUTA€HTHOCTI.

BucnoBku
1. PiBeHb KOMIUTA€HTHOCTI y iTeH 13 reMo0IacTo3amMu
€ BICOKHMM Ha eTalax iHTEeHCHBHOI Teparii, OJHaK 3HIKY-
€ThCA i/ 9ac MATPUMYBAIBHOI Tepartii.
2. HexoMmutaeHTHICTP (QOPMY€ETBCS TiX BIUIMBOM
KOMIUIEKCY KOTHITHBHO-€MOIIIMHUX, MEAWYHHX 1 COIi-
anpHO-IeMorpadiuaux  (akTopiB, IO MiATBEPIKYE
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MYJIBTU(QAKTOPHUI XapakTep TepaneBTHYHOI MPUXHIIb-
HOCTI B JUTA4iil OHKOT€MAaTOJIOTil.

3. Haii0inpin 3HaUYMIMMHM TPETUKTOPAMU 3HUKEHHS
KOMILTIAEHTHOCTI € MiJUTITKOBUH BiK, HU3bKHI COLIaIbHO-€-
KOHOMIYHHMH CTaTyc, CTOMJICHHS BiJ{ JIIKyBaHHS Ta HasB-
HICTb O)KUPIHHSL.

4. OXupiHHS MOXE pO3IVIAJaTHcS SK HE3aICKHUH
MPEOUKTOP 3HIDKEHHS TEPaleBTUYHOI MPHUXIIBHOCTI
y miteit i3 reMo61acTO3aMu.

5. OrpuMaHi pe3ynbTaTd MiIKPECIIOITs HEoOXis-
HICTh MYJIBTHIUCIUIUTIHAPHOTO ITiIXOY 0 BEACHHS TAKUX
MAIIEHTIB 13 3aJy4YEeHHSIM ICHUXOJIOTIYHOI Ta COMiaabHOI
MIATPUMKH.

IMepcneKTHBU MONANBINMX AOCTIIKEHD

HesBaxarounm Ha TEpeKOHNMBI [OKa3W 3HAYYIIOCTI
OIIHKM TicuxoeMomniiHoro crarycy ta SIK, y HaykoBiit
JiTeparypi BiJ3HAYAETHCS HEMAOCTATHICTh CTaHAAPTHU30Ba-
HUX MiIXOMIB 0 CKPUHIHTY ICUXOSMOIIIHUX MOPYIICHb
y JiTed 3 OHKOreMaToJIOTIYHMMHU 3aXBOPIOBAaHHSAMU. Binb-
IICTh JAOCHTIHKEHb 30CEPEXKEeHI HA TOCTPii JiMpoomacT-
Hill JiefikeMil, TOfi SIK iHIII reMoOiacTo3u (TocTpi Mieso-
imHI neiikeMii, HEXOMKKIHCHKI JIM(MOMH) 3aTHIIAFOTHCS
MEHIII BUBYCHUMHU. [IepCTIEKTUBHUM HAIPsIMOM € PO3po0Ka
MEPCOHAI30BAaHUX BTPYYaHb, II0 BPAXOBYIOTh HE JIHIIE
HO30JIOTiI0, aie ¥ BiK AWTHHM, €Tall JiKyBaHHS Ta CiMeii-
HUM KOHTEKCT.
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Methods. A prospective observational study included 131 adults (mean age 43.35 = 16.37 years; 54.2 % women). Anxiety and depression
were assessed using the GAD-7 and PHQ-9 scales. Homocysteine levels were quantified by LC-MS. Group comparisons and odds ratios
(OR, 95 % CI) were calculated; p < 0.05 was considered statistically significant.

Results. Elevated homocysteine levels (> 10 umol/L) were detected in 50.4 % of participants, while concentrations > 15 pmol/L were
observed in 11.5 %. Homocysteine levels were approximately two-fold higher in individuals with clinically significant symptoms compared
with those with subclinical manifestations (anxiety: 13.98 + 4.50 vs 6.88 = 2.08; depression: 13.92 + 4.43 vs 6.87 + 2.05; p < 0.001).
Homocysteine > 10 pmol/L was strongly associated with clinically significant anxiety (OR = 157.5; 95 % CI 33.4-741.6; p < 0.001) and
depression (OR = 320.0; 95 % CI 40.0-2557.8; p <0.001).

Conclusions. Hyperhomocysteinemia was common among individuals exposed to prolonged war-related stress and closely associated
with the severity of anxiety and depression. Elevated homocysteine levels were identified in 50.4 % of the examined participants with ADDs,
indicating a high prevalence of disturbances in one-carbon metabolism. A dose-dependent relationship between homocysteine concentration
and ADDs severity was observed. Increased homocysteine levels were associated with a higher probability of clinically significant anxiety
(58 %) and depressive disorders (64 %). These findings support the pathogenetic role of hyperhomocysteinemia in stress-associated ADDs and
justify the use of homocysteine as a biomarker of risk, severity, and prognosis of anxiety-phobic and affective disorders.

Keywords: homocysteine, stress-associated disorders, anxiety depression, methylation, one-carbon metabolism.
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BIUIMB MIJIBUIIEHOIO PIBHA TI'OMOILIMCTEIHY HA PO3BUTOK CTPEC-ACOIIIMOBAHUX
TPUBOKHUX TA JENPECUBHUX PO3JIAIIB

1 Toneyoruii nayionansHuil meouunuti yuisepcumem, Kponusnuyvkut, Ykpaina

2 Kninixa Cesmoeo Jaminiana Lfinumens, Kuis, Yxpaina

8 Q0ecwruii nayionanvruti meduunuii ynisepcumem, Odeca, Yrpaina

VY mocnikeHHI BUSBICHO BUCOKY MOIIMPEHICTh OPYIIEHb OTHOBYINIEIIEBOTO META0OMI3My cepel ocil, siKi TpuBauii yac nepebyBai
B YMOBaX BOEHHOTO IICUXOTpaBMyBaJbHOTO cTpecy. IlinBuiienuii pisenb romonucreiny (> 10 Mxmounb/i) BusBieHo y 50,4 % obcTexeHnx,
IO CBITYUTH MPO MeTabONIUHy BPa3IUBICTh JI0 TPUBOXKHO-AenpecuBHUX po3naniB (T/P). BecranopneHo 10303alexHui 3B’ 30K MK KOH-
LEHTPALIE0 TOMOLKCTEIHY Ta BUpaxeHicTio T/IP. y mamieHTIB 13 KIiHIYHO 3HAUYIMMH CHMIITOMAaMU TPUBOTH Ta AEMpPECii HOTo piBeHb CTa-
HOBUB OJIM3bK0 14 MKMOJIB/JI, 1110 Maiike BIBii MEPEBUIIYBAJIO OKa3HHUKH 0Ci0 i3 cyOKTiHiYHIMY mposiBamu (6,9 MkMoub/n). TTinBumenuit
TOMOIMCTETH OyB MOB’SI3aHUH 31 3pOCTAHHAM PU3MKY KIiHIYHO 3HAYYLIO TPHBOTH Ta JAETPecii, MiATBEPIKYIOUN HOTO MaTOTeHETHYHY POIIb
1 JONLIBHICTH BUKOPHCTAHHS K OioMapkepa pu3uKy Ta TsSuKKocTi TIP.

KurouoBi ciioBa: romonucrein, cTpec-acouiioBaHi po3iaau, TPUMBOXHO-ACIPECUBHI PO3/Iajid, METUIIIOBAHHS, OIHO-BYIJICLICBHII MeTa-
Oomizm.
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Introduction

Anxiety-depressive disorders (ADDs) are among the
most common mental disorders today and constitute one
of the leading medical and social problems worldwide
[1]. In Ukraine, the urgency of this problem has become
particularly acute due to the full-scale war, which is
accompanied by the prolonged impact of extreme stressors,
including direct threats to life, the loss of loved ones, forced
displacement, socioeconomic instability, and psychological
uncertainty [2]. According to international epidemiological
studies, in populations exposed to armed conflict, the
prevalence of anxiety and depressive disorders increases
by 2-3 times compared to peacetime conditions, and their
course is often characterized by chronicity and reduced
response to standard therapy [3].

Homocysteine is a sulfur-containing amino acid formed
during methionine metabolism and is a key component
of one-carbon metabolism [4]. Its remethylation to
methionine occurs with the participation of the enzyme
methylenetetrahydrofolate  reductase (MTHFR) and
depends on an adequate supply of folic acid and vitamin
B,, [5]. Impaired remethylation, as well as common
MTHFR genetic polymorphisms, are associated with
elevated homocysteine levels [6]. Homocysteine
accumulation is considered a potentially neurotoxic
factor and is associated with the development of a range
of neurological and psychiatric disorders, including
depression, anxiety, schizophrenia, cognitive impairments,
and neurodegenerative diseases [7].

In addition, homocysteine can disrupt the biosynthesis
of neurotransmitters. In the 5-methyltetrahydrofolate
cycle, S-adenosylmethionine (SAM) — which is a methyl
group donor and a precursor for the synthesis of
serotonin, melatonin, norepinephrine, and dopamine — is
demethylated to S-adenosylhomocysteine (SAH), and
further to homocysteine, which is normally converted back
to SAM [8].

Research findings also confirm the link between
homocysteine and depression. It has been shown that
low folate levels are a predictor of poor response to
antidepressant therapy, as well as an increased risk of
depression relapse [9]. The use of folic acid and/or vitamin
B,, in patients with elevated homocysteine levels, compared
to a placebo in healthy elderly individuals, resulted in
a statistically significant reduction in serum homocysteine
concentrations [10], but was not accompanied by an
improvement in cognitive function [11] or a reduction in
depressive symptoms [9].

At the same time, in clinical studies involving patients
with depression, the use of folic acid and/or vitamin B,
including as adjunctive therapy to antidepressants, has been
associated in several studies with a reduction in the severity
of depressive symptoms [12; 13]. A more pronounced
reduction in symptoms was observed in patients with
depression who had MTHFR gene polymorphisms [14].
In one study, the addition of folates and/or vitamin B2 to
antidepressant therapy after remission was associated with
a reduced risk of depression recurrence [15].

Despite the availability of a significant amount of
data indicating a link between hyperhomocysteinemia
and depression, research findings in this area remain
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inconsistent [ 16; 17]. Such variability in results may be due
to differences in dietary habits, use of vitamin supplements,
folate levels, as well as genetic, socioeconomic, and family
factors that can modify homocysteine concentration and
mental status.

Therefore, studying homocysteine levels in patients
with ADDs under conditions of psychoemotional distress
caused by the war in Ukraine is of particular relevance.
Assessing homocysteine levels not only deepens our
understanding of the biological mechanisms underlying
stress-related disorders but also helps identify biochemical
markers of ADDs severity and the risk of relapse. In
addition, measuring homocysteine levels may have
important prognostic significance regarding sensitivity to
antidepressant therapy for ADDs, opening up prospects for
a personalized approach to treatment.

Aim of the study. To determine the role of elevated
homocysteine levels in the development of stress-associated
ADDs and to assess the severity of these disorders in
patients experiencing prolonged war-related psychological
trauma.

Materials and Methods

This prospective observational study was conducted at
the Saint Damian Healer Clinic in Kyiv and the Department
of Psychiatry, Psychotherapy, Addiction Medicine,
and Medical Psychology at Donetsk National Medical
University (DNMU).

The study was conducted in accordance with the
principles of bioethics and in compliance with the provisions
of the Declaration of Helsinki (“Ethical Principles for
Medical Research Involving Human Subjects”), as well
as the UNESCO Universal Declaration on Bioethics and
Human Rights. Prior to the start of the study, approval was
obtained from the DNMU Ethics Committee (Protocol
No. 3 dated March 5, 2025). All participants provided
written informed consent to participate in the study.

The study included 131 patients who were residents
of Ukraine, of whom 71(54.2 %) were women and
60(45.8 %) were men. The mean age of the participants
was 43.35 + 16.37 years, the median was 44 years, with
an age range from 18 to 75 years, indicating adequate age
representativeness of the sample.

In cases where subclinical symptoms were identified
that did not meet the diagnostic criteria for anxiety-phobic
and affective disorders according to the International
Classification of Diseases, 10th Revision (ICD-10),
psychoemotional distress was coded using code Z73.3
(stress, not classified elsewhere). This group included
75 individuals, accounting for 56.4 % of the total number
of examinees.

Clinically significant anxiety disorders meeting the
diagnostic criteria for mental disorders according to ICD-10
were identified in 56(43.6 %) of the examined individuals.
Generalized anxiety disorder (F41.1) was identified in
13 patients (22.8 %), mixed anxiety-depressive disorder
(F41.2) in 19 patients (37.3 %), adjustment disorder
with anxiety-depressive symptoms (F43.2) in 17 patients
(29.8 %), a moderate depressive episode (F32.1) in
5 individuals (10.5 %), and dysthymia (F34.1) in 2 patients
(3.5 %).
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The study employed a comprehensive approach that
included clinical-psychopathological, psychometric, and
biochemical-molecular methods, as well as statistical
analysis of the obtained data.

Anxiety and depression symptoms were identified
using screening psychometric instruments, specifically the
Generalized Anxiety Disorder Scale (GAD-7) [18] and the
Patient Health Questionnaire (PHQ-9) [19].

The GAD-7 scale was used to quantitatively assess
the severity of anxiety symptoms. Each of the 7 items
was rated on a 4-point scale with a total score ranging
from 0 to 21. A total GAD-7 score of > 10 points was
considered a criterion for clinically significant anxiety.

The PHQ-9 mental health questionnaire was used to assess
depression. Each of the 9 items was rated on a similar 4-point
scale (03 points), with a total score ranging from 0 to 27.
Atotal PHQ-9 score of > 10 points was defined as the threshold
criterion for clinically significant depressive symptoms.

In the presence of clinically significant indicators of
anxiety and depression, the results of the psychometric
assessment were used as an auxiliary tool to confirm
the nosological classification of mental disorders in
combination with a clinical-psychopathological exami-
nation method. To confirm anxiety-phobic and affective
disorders, the Structured Clinical Interview for DSM-5
Disorders (SCID-5) was used to establish a mental
diagnosis in accordance with ICD-10 criteria.

Within the scope of this study, a comprehensive
assessment of biochemical markers of one-carbon
metabolism was conducted, reflecting the functional
state of homocysteine methylation and remethylation
processes. The analysis included the determination of
several interrelated groups of indicators that characterize
the metabolic and epigenetic mechanisms involved in the
regulation of neurobiological processes.

Biological samples were collected via blood
draw, followed by plasma analysis at accredited
laboratory (Genova Diagnostics, USA). Methylation
metabolite concentrations were determined using liquid
chromatography-mass spectrometry (LC-MS). To assess
the efficiency of methylation, homocysteine levels were
measured, as homocysteine is considered a key biomarker
of one-carbon metabolism disorders and a potential factor
in the development of stress-associated ADDs.

Mathematical and statistical analysis was performed
using Microsoft Excel 2019 software. Quantitative
mathematical changes are presented as the mean (M)
and standard deviation (SD). Linear regression analysis
was used to analyze independent variables associated
with homocysteine levels and indicators of anxiety and
depression. To assess the risk of clinically significant
anxiety and depression depending on homocysteine levels,
odds ratios (OR) were calculated with a 95 % confidence
interval (95 % CI). Quantitative indicators were compared
between two independent groups using the nonparametric
Mann—Whitney U test. A p-value of <0.05 was considered
statistically significant.

Research results and their discussion
To comprehensively assess the state of one-carbon
metabolism, an analysis of the distribution of serum
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homocysteine levels was performed. Table 1 presents
the main descriptive statistics reflecting the distribution
of homocysteine concentrations, the frequency of
elevated levels, the prevalence of clinically significant
hyperhomocysteinemia among the study participants,
as well as the mean homocysteine level in patients with
subclinical and clinical anxiety-depressive symptoms.

Table 1
Descriptive characteristics of homocysteine levels
among the study participants (n = 131)

Indicator Value

Mean homocysteine level, umol/L (M + SD) | 9.89 +4.79
Median, pmol/L 10.0
Interquartile range (IQR), pmol/L 7.0-12.0
Minimum value, pmol/L 2.0
Maximum value, pmol/L 39.0
Patients with homocysteine levels < 10 o
umol/L, n (%) 65(49.6 %)
Patients with homocysteine levels > 10 66(50.4 %)

pmol/L, n (%)
Patients with homocysteine levels > 15
umol/L, n (%)
Homocysteine in patients with clinical

15(11.5 %)

anxiety, pmol/L (M + SD) 13.98 £4.50
Homocysteine in patients with subclinical

anxiety, umol/L (M + SD) 6.88 +2.08
Homocysteine in patients with clinical

depression, umol/L (M £ SD) 13.92+£4.43
Homocysteine in patients with subclinical 6.87 + 2.05

depression, umol/L (M £ SD)

Note: 0—5 umol/L — low homocysteine level, 5-10 umol/L —
normalhomocysteinelevel, 10—15 umol/L—elevated homocysteine
level, > 15 pmol/L — clinically significant hyperhomocysteinemia.

Analysis of homocysteine levels in the study sample
revealed significant interindividual variability in this
biochemical marker, reflecting the heterogeneity of one-
carbon metabolism disorders. The mean homocysteine
level was 9.89 £4.79 umol/L. The observed range of values
(from 2.0 to 39.0 umol/L) indicates not only the presence
of individuals with normal levels but also a significant
proportion of patients with marked hyperhomocysteinemia.

In half of the examined patients (50.4 %), homocysteine
levels exceeded the threshold value of 10 umol/L, which is
considered a clinically significant marker of methylation
disorders and increased neurometabolic risk. In 15 patients
(11.5 %), homocysteine concentration was greater
than 15 pmol/L, corresponding to moderate and severe
hyperhomocysteinemia and associated with neurotoxic,
pro-inflammatory, and epigenetic abnormalities.

A comparative analysis of homocysteine levels
according to the severity of anxiety symptoms revealed
significant differences between the clinical groups. In
patients with clinically significant anxiety, the mean
homocysteine level was 13.98 + 4.50 umol/L, which was
more than twice the corresponding value in the group
with subclinical anxiety symptoms (6.88 + 2.08 pmol/L,
p < 0.001). The data obtained indicate a clear association
between elevated homocysteine levels and more severe
anxiety symptoms.
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A similar pattern was observed regarding depressive
symptoms. In patients with clinically significant depression,
the mean homocysteine level was 13.92 + 4.43 umol/L,
whereas in the group with subclinical depression it was
nearly half as low — 6.87 + 2.05 pmol/L (p < 0.001). The
observed differences indicate a potential pathogenic role
of hyperhomocysteinemia in the development of clinically
significant ADDs.

The Spearman correlation analysis did not reveal any
statistically significant associations between homocysteine
levels and the age of the study participants (p = —0.03;
p = 0.71), nor between homocysteine levels and gender
(p = 0.04; p = 0.62). These results indicate that major
demographic factors do not influence the variability of
homocysteine concentration in the study sample. This
suggests that elevated homocysteine levels in patients with
ADDs are primarily driven by neurobiological mechanisms,
specifically the effects of chronic psychoemotional
distress and traumatic experiences, as well as disturbances
in metabolic-epigenetic regulation associated with
methylation processes.

To quantitatively assess the severity of anxiety
symptoms in the study sample, a screening assessment was
conducted using the GAD-7 scale. The results obtained
allowed us to stratify patients by severity and characterize
the distribution of clinically significant and subclinical
anxiety in individuals who experienced prolonged distress
under martial law. The analysis of the frequency distribution
of GAD-7 scores is presented in Table 2.

A significant prevalence of anxiety of varying severity
was observed in the study population. The lowest level
of anxiety was recorded in only 24(18.3 %) patients. The
largest group consisted of patients with mild anxiety,
comprising 50 individuals (38.2 %).

Overall, in 57 patients (43.5 %), the level of anxiety
reached a moderate or severe degree, indicating a high
prevalence of clinically significant anxiety symptoms
among individuals living under conditions of prolonged
chronic stress.

The mean anxiety level on the GAD-7 scale among all
study participants was 8.60+4.04 points, corresponding
predominantly to mild-to-moderate anxiety.

Table 2
Anxiety structure among study participants according
to the GAD-7 scale

Anxiety Level Scores N %
Minimum 04 24 18.3
Mild 5-9 50 38.2
Moderate 10-14 46 35.1
Severe >15 11 8.4
Total 131 100

The odds ratio analysis demonstrated a very strong
association between elevated homocysteine levels and
the likelihood of developing clinically significant anxiety
symptoms. In particular, in patients with homocysteine
levels > 10 pmol/L, the probability of clinically significant
anxiety (GAD-7 > 10 points) was significantly higher
compared to those with homocysteine levels < 10 umol/L
(OR =157.5; 95 % CI: 33.4-741.6; p < 0.001).

Linear regression analysis demonstrated a clear positive
correlation between homocysteine levels and the severity
of anxiety as assessed by the GAD-7 scale (Figure 1).

Elevated serum homocysteine levels were associated
with an increase in the total score on the GAD-7 scale,
indicating a gradual worsening of anxiety symptoms as
metabolic disturbances progressed. The obtained coefficient
of determination (R? = 0.584) indicated that more than half
(58 %) of the variability in anxiety scores on the GAD-7
scale was statistically explained by homocysteine levels
and suggested a significant contribution of one-carbon
metabolism disorders.

Our findings are consistent with some scientific studies
in which hyperhomocysteinemia is considered a biomarker
of anxiety disorders. In particular, a link between elevated
homocysteine and generalized anxiety and panic disorders
has been reported [4].

The identified association between elevated
homocysteine levels and the severity of anxiety
symptoms can be explained by disruptions in key
neurobiological mechanisms involved in stress adaptation.
Hyperhomocysteinemia is accompanied by a decrease in
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Fig. 1. Relationship between anxiety on the GAD-7 scale and homocysteine levels
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cellular methylation capacity, leading to disruption of the
epigenetic regulation of gene expression responsible for
neuroplasticity, neurotransmission, and regulation of the
hypothalamic-pituitary-adrenal (HPA) axis.

Under conditions of hyperhomocysteinemia, negative
feedback mechanisms are disrupted, leading to persistent
dysregulation of the cortisol response. This is accompanied
by a decrease in the sensitivity of glucocorticoid receptors
(FKBPS), disruption of the circadian rhythm of cortisol
secretion, and a reduction in the body’s adaptive reserve
due to decreased expression of oxytocin receptor (OXTR)
genes. This leads to hyperactivation of the amygdala, which
plays a leading role in the formation of fear and anxiety,
as well as to a reduction in the regulatory function of the
prefrontal cortex.

Elevated homocysteine levels are accompanied by
reduced expression of serotonin transporter (SLCO6A)
and serotonin type 1A receptor (HTR1A) genes, which
significantly disrupts serotonergic neurotransmission and
negatively affects the regulation of mood and behavior. At
the same time, relative hyperactivation of the noradrenergic
system is observed, which clinically manifests as increased
vigilance, internal tension, and somato-vegetative
symptoms of anxiety. Additionally, the balance between
excitatory and inhibitory neurotransmitters is disrupted,
particularly between glutamate and y-aminobutyric acid
(GABA), which contributes to the development of a state
of neuronal hyperexcitability.

Hyperfunction of NMDA receptors leads to the activation
of oxidative stress and mitochondrial dysfunction cascades,
which damage neurons in the hippocampus and prefrontal
cortex — structures involved in the regulation of mood,
cognitive functions, and the emotional response to stress.

Our data are of particular scientific value in the
context of war-related psychoemotional distress, as they
are consistent with the findings of previous studies. In
particular, the study by Lushchak O. et al. (2023) showed
that patients with post-traumatic stress disorder (PTSD)
have elevated homocysteine levels, and the duration of
the disorder may serve as a predictor of the degree of its
increase. The results obtained indicate the cumulative
effect of chronic psychotraumatic stress on disturbances
in one-carbon metabolism and methylation processes,
which is of fundamental importance for understanding
the biological mechanisms underlying the development of
stress-associated disorders [20].

To assess the prevalence and severity of depressive
symptoms in the study cohort, a screening survey was
conducted using the PHQ-9 questionnaire. The results were
stratified according to the generally accepted cutoff scores of
the scale, which allowed for a quantitative characterization
of the distribution of depression by severity level (Table 3).

Analysis of the PHQ-9 questionnaire data demonstrated
significant heterogeneity in the clinical manifestations
of depressive symptoms among the study participants.
In 41 patients (31.3 %), the scores corresponded to the
minimal level of depression, indicating the absence of or
clinically insignificant manifestations. At the same time,
34 individuals (26.0 %) were found to have mild depressive
symptoms. Overall, 75(57.3 %) patients exhibited
subclinical manifestations of depression that did not meet

KJITHIYHA IIPAKTHUKA

Table 3
Structure of depression among study participants
based on the PHQ-9 mental health questionnaire

Level of depression Scores n %
Minimum 04 41 31.3
Mild 5-9 34 26.0
Moderate 10-14 18 13.7
Moderately severe 15-19 35 26.7
Severe >20 3 2.3
Total 131 100

the diagnostic criteria for affective disorders according to
the ICD-10.

Clinically significant depressive symptoms
(PHQ-9 > 10 points) were observed in 56 patients,
accounting for 42.7 % of those examined. Specifically,
in 18 individuals (13.7 %), symptoms corresponded to
a moderate level of depression; in 35 patients (26.7 %),
to a moderate-to-severe level; and in 3 individuals (2.3 %),
a severe level of depression was recorded. This distribution
indicates a significant prevalence of affective disorders
among the study population and a high level of wartime
psychoemotional distress.

The mean depression score on the PHQ-9 scale among
all participants was 9.10 = 5.86 points, which corresponds
to the boundary between mild and moderate depression.
The interquartile range of 4-15 points indicates an
asymmetric distribution of scores with a shift toward higher
values, reflecting the presence of a significant proportion of
patients with clinically significant depressive symptoms.

It is worth noting that an extremely high odds ratio
for the development of clinically significant depression
(PHQ-9 > 10 points) was found in patients with elevated
homocysteine levels (OR = 320.0; 95 % CI: 40.0-2557.8;
p < 0.001), indicating a strong association between
hyperhomocysteinemia and the development of depressive
disorders.

Figure 2 shows the relationship between the severity of
depression on the PHQ-9 scale and serum homocysteine
levels in patients who experienced prolonged
psychoemotional stress under martial law conditions.

Analysis of the results demonstrates a clear positive
linear relationship between homocysteine levels and
the severity of depression. As serum homocysteine
concentrations increase, there is a consistent rise in PHQ-9
scores.

The coefficient of determination (R* = 0.6372)
indicates that approximately 64 % of cases of depression
depend on homocysteine levels. It is worth mentioning
that at homocysteine concentrations < 10 pmol/L, low
and moderate PHQ-9 scores predominate, whereas at
levels > 10 pmol/L, there is a significant increase in
the proportion of patients with clinically significant
depression. Individual cases with very high homocysteine
levels (> 20 umol/L) are accompanied by moderately
severe and severe depressive symptoms, further
emphasizing the dose-dependent effect.

The results obtained are consistent with current
understanding of the key role of hyperhomocysteinemia in
the pathogenesis of depressive disorders as a biochemical
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marker and a major pathogenic factor [6]. Elevated
homocysteine levels reflect significant disturbances in one-
carbon metabolism, leading to dysfunction in methylation
processes, neuroplasticity, and neurotransmitter regulation.

Hyperhomocysteinemia leads to a shift in the balance
of the methionine cycle toward the accumulation
of SAH, which is a potent endogenous inhibitor of
methyltransferases. This results in a functional decrease in
the methylation index even at normal or subnormal SAM
levels. Consequently, the methylation of DNA, RNA,
proteins, and phospholipids is inhibited, which has direct
epigenetic consequences.

Disruption of DNA methylation leads to dysregulation
of gene expression responsible for neuroplasticity,
neurogenesis, neurotransmitter regulation, and stress
response, particularly genes encoding neurotrophic factors
(BDNF), dopamine and serotonin receptors (COMT,
DRDI1, DRD2, DRD3, DRD4, HTR1A, SLC6A4), as
well as enzymes involved in neurotransmitter metabolism
(CACNAIC, ANK3, GSK3B, CHRNA3/CHRNAS,
CNR1) and stress response genes (FKBP5, OXTR).

Elevated homocysteine levels are considered not only
a marker of one-carbon metabolism disorders but also
an active pro-inflammatory marker capable of initiating
and sustaining a cascade of immuno-inflammatory
reactions. Homocysteine stimulates the expression of
pro-inflammatory cytokines, including interleukin-1f
(IL-1B), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a), at both peripheral and central levels. Elevated
concentrations of these cytokines lead to the activation of
microglia, the brain’s primary immune cells, which is a key
step in the development of neuroinflammation.

Chronic neuroinflammation and reduced expression of
BDNF and its associated signaling pathways contribute
to dendritic atrophy, decreased synaptic plasticity, and
functional disintegration of the limbic-prefrontal networks
of the brain, which are characteristic neurobiological
markers of depression.

In addition to epigenetic mechanisms, homocysteine
possesses direct neurotoxic properties; its excess can activate
NMDA receptors, leading to increased calcium influx into
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neurons, the activation of oxidative stress cascades, and the
development of mitochondrial dysfunction. Additionally,
hyperhomocysteinemia is associated with depletion of the
transsulfuration pathway and reduced levels of glutathione,
the primary intracellular antioxidant. Glutathione deficiency
exacerbates oxidative and nitrosative (NO) stress, further
contributes to microglial activation, and worsens the state
of chronic neuroinflammation.

In situations of prolonged psychoemotional and traumatic
stress caused by war, these metabolic disturbances take on
particular clinical significance. Prolonged activation of the
HPA axis leads to persistent hypercortisolism, which further
inhibits methylation, disrupts homocysteine remethylation
and neuroplasticity, exacerbates neuroinflammation
and oxidative stress, and causes mitochondrial and
neurotransmitter dysfunction. Thus, a vicious cycle forms in
which chronic stress, hyperhomocysteinemia, and depressive
symptoms potentiate one another.

Conclusions

1. A high prevalence of one-carbon metabolism
disorders was observed among patients who had lived
under prolonged conditions of war-related stress. Elevated
homocysteine levels (> 10 umol/L) were recorded in half
of the study participants (50.4 %), indicating significant
metabolic vulnerability.

2. Homocysteine levels are closely associated with
the severity of anxiety and depression. In patients with
clinically significant anxiety, the mean homocysteine
concentration was 13.98 + 4.50 pumol/L, which was
nearly twice as high compared to patients with subclinical
anxiety (6.88 + 2.08 pumol/L). In patients with clinically
significant depression, homocysteine levels reached
13.92 + 4.43 umol/L, whereas in the group with subclinical
depression, they were 6.87 +2.05 umol/L. These differences
indicate a clear dose-dependent relationship between
hyperhomocysteinemia and the severity of affective
disorders and confirm its potential pathogenetic role in the
development of stress-associated mood disorders.

3. Extremely high odds ratios for the development of
clinically significant anxiety and depression were found in
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the presence of elevated homocysteine levels (OR = 157.5;
95 % CI: 33.4-741.6; p <0.001) for anxiety and depression
(OR =320.0; 95 % CI: 40.0-2557.8; p <0.001), indicating
the key role of hyperhomocysteinemia as a biomarker of
ADDs.

4. The results of linear regression analysis indicate
that elevated homocysteine levels are associated with a
significant increase in the likelihood of clinically significant
anxiety (58 %) and depressive symptoms (64 %) and
confirm the role of homocysteine as a biomarker of risk
and severity of ADDs.

5. The obtained results confirm the pathogenetic role
of hyperhomocysteinemia in the development of stress-
associated ADDs through disruptions in methylation
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processes, epigenetic regulation, neuroplasticity, oxidative,
mitochondrial, and neurotransmitter dysfunction, and the
activation of neuroinflammatory processes.

6. Under conditions of prolonged war-related traumatic
stress, hyperhomocysteinemia can be considered not only
as a biochemical marker but also as a key factor forming
a pathological cycle between dysregulation of the HPA
axis, metabolic disturbances, neuroplasticity, and affective
symptoms.

7. Determining homocysteine levels in patients with
stress-related disorders is of significant clinical importance
for risk stratification, assessing the severity of ADDs,
and potentially predicting response to treatment with
antidepressants.
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Introduction. The unclear etiology, complex pathogenetic mechanisms of lichen planus (LP) emphasize the necessity for further
investigation into specific triggering factors — in particular, disturbances in dermal microcirculation and skin microbiocenosis — which
play a significant role in the manifestation of this dermatosis and may contribute to the optimization of therapeutic strategies.

The aim of the study was to assess the functional state of dermal microcirculation and skin microbiocenosis in patients with
different clinical forms of lichen planus.

Materials and methods. The study included 91 patients with LP (59 women and 32 men), aged 21-65 years. The typical form of
LP was diagnosed in 69 patients (75.8 %), the hypertrophic form in 12(13.2 %), and the pigmentary form in 10(11.0 %). The functional
state of dermal microcirculation was assessed using laser Doppler flowmetry. Bacteriological (culture-based) analysis of the skin
microbiota was also performed, sampling from both lesional and unaffected skin, with enumeration and identification of microbial
colonies.

Results. Patients with typical, hypertrophic, and pigmentary forms of LP exhibited a stagnant-stasis type of circulation in affected
areas and a spastic type in visually unaffected areas. Microbiological analysis of LP lesions revealed polymicrobial colonization, while
unaffected skin areas predominantly showed colonization by two microbial species. These findings underscore the significance of
dermal microcirculation disorders and altered skin microbiocenosis in the pathogenesis of LP.

Conclusions. Optimization of therapy in patients with LP — particularly through targeted correction of dermal microcirculation
impairments and individualized antibiotic therapy aimed at restoring the normal skin microbiota — can enhance the effectiveness of
treatment.

Keywords: lichen planus, dermal microcirculation, skin microbiocenosis.
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XAPAKTEPUCTUKA CTAHY JEPMAJIBHOI'O KPOBOOBIT'Y I MIKPOBIOLHEHO3Y HIKIPHU Y XBOPUX
HA YEPBOHUM IVIECKATHUM JIMIIAM TA OBI'PYHTYBAHHS ONITUMI3ALILL TEPAIILL [IbOI'O TEPMATO3Y

Hayionanvnuti meouunuii ynisepcumem imeni O. O. bocomonvys, Kuis, Yxpaina

VY cTarTi NpeACTaBIeHO Pe3yIbTaTH JOCTiKeHb CTaHy AepPMaIbHOTO KPOBOOOITY Ta pe3y/bTaTH 6aKTepioNOriqHOTO AOCTIIKEHHS MiKpPO-
(rnopy MWKipH y XBOPUX Ha YepBoHMH ruieckarui umaii (UI1JI). BeraHoBneHo, 1o y XBOpHX Ha TUIOBY, TiepTpodidHy i mirMeHTHY GOpMH
IIbOTO JIEPMATO3y PEECTPyBaBCA 3aCTIHHO-CTA3WYHUI THIT KPOBOOOITY B IUISIHKAX YPaXKEHHS MIKIPH Ta CIIACTHYHUI THII — Y ALISHKAX Bi3yallb-
HO He3MiHeHOT mKipi. Mikpo6ioIoridyHUMY TOCITIKEHHSIMY B IUTTHKaX ypakeHHs mKipu xBopux Ha YI1JI BusBiIeHo HasBHICTh MoOMiiHIKy-
BaHHS, 1[0 OyJI0 MPEICTABICHO acoLialliero TphOX 1 OinblIe pi3sHUX MIKPOOHHUX areHTiB, 30kpema S. aureus + S. pyogenes + S. epidermidis +
«iHIII MIKPOOPTraHi3Mm», a B AUISTHKAX Bi3yaJbHO HE3MIHEHOI MIKipu — OiiHdiKyBaHHS. AHaNI3 IPOBENCHHUX JOCII/UKEHb BKa3ye Ha 3HAYEHHS
MOpYLIeHb JIePMAIbHOTO KPOBOOOIry i MikpobiorieHo3y mkipu B marorenesi UILJI ta notpeOye onTuMisanil TepaneBTHYHOI KOPEKIIi, 10
CIIPUATUME ITiIBUIIEHHIO e(eKTHBHOCTI JIKYBaHHS XBOPHX HA IIeH JlepMaros.

Kutro4oBi ciioBa: XxBopi Ha 4epBOHMIA MIIECKATHH JIMIIAH, JepMalbHUH KPOBOOOIr, MiKpoOioeHo3 WIKipH, OOIPYHTYBaHHS ONTHMIi3arlii
Teparii.

Introduction
Lichen planus (LP) belongs to the group of common
skin diseases, as its proportion in the structure of dermatoses
was 1-2 %. The need for further study of LP was driven
by unclear etiology, complex pathogenic mechanisms, and
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variable clinical outcomes, including treatment-resistant
forms of this dermatosis [1-4].

This dermatosis was characterized by a variety of
clinical manifestations, which creates additional difficulties
in making a diagnosis. In addition to typical forms, there
were atypical clinical manifestations of LP. Combinations
of several variants of the course were often encountered,
for example — atrophic and annular. On visible mucous
membranes, erosive-ulcerative and exudative-hyperemic
forms were quite often identified [17]. On smooth skin,
annular, linear foci of lesions were possible, as well as
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pigmented macules. Atrophic changes with hyperkeratotic
overlays, verrucous proliferations or herpetiformly
arranged were observed [5]. At present, this dermatosis
with localization of rash elements on the oral mucosa was
considered as a potentially precancerous condition with the
possibility of development of epithelioma [6].

Among the trigger factors of LP manifestation, the
following were distinguished: neurogenic, immune,
infectious, toxic-allergic, metabolic, etc. [7—13]. To date,
insufficient attention was paid to the study of the significance
of dermal blood circulation in the development of this
pathological process. It was established that in the dermis of
skin lesion foci of patients with LP, the vessels of the papillary
layer were dilated, and the walls of arterioles were moderately
sclerosed. In addition, perivascular band-like infiltrates were
observed, which contain fibroblasts, polynuclears, mast
cells, lymphoid elements. Arterioles located in the reticular
layer often have a narrowed diameter, and their walls were
infiltrated predominantly by lymphocytes [14—-16].

It has also been proven that in LP, microcirculatory
disorders occur, which consist in changes in the structure
and barrier function of microvessels. The presence of
spasms of the arterial link, signs of venous hyperemia
and venous stasis have been established, which lead to
changes in the trophism of the skin and mucous membrane
and a decrease in their resistance, which contributes to the
complicated course of this dermatosis [1; 14-16].

A more detailed study regarding the possible influence
on the development of LP also requires an assessment of
the significance of microorganisms that were located in the
skin foci of the pathological process, since the course of this
dermatosis was accompanied by structural restructuring
of the skin microbiocenosis, which was manifested by a
decrease in the number of symbionts and an increase in
the proportion of opportunistic microorganisms [18]. The
presence in patients with LP of qualitative and quantitative
changes in the microflora of the oral mucosa leads to the
development of dysbiosis of varying severity, and Candida
albicans contributes to a more severe course of the
dermatosis [19; 20].

Thus, the above data indicate the presence of a number
of insufficiently studied mechanisms of development of LP.
In particular, in patients with this dermatosis, approaches to
assessing the state of skin vascularization were unstructured,
there was no analysis of microbial colonization in the lesion
foci, and criteria for assessing the severity of corresponding
changes have not been traced. The relationship between the
corresponding factors of dermatosis development remains
poorly understood. This indicates the expediency of further
study of the pathogenetic links of LP development and the
search for additional therapeutic means to optimize the
complex treatment of patients with this dermatosis.

Aim of the study. Determination of disorders of
the functional state of dermal blood circulation and skin
microbiocenosis in patients with different clinical forms
of LP and pathogenetic rationale for optimizing complex
therapy of this dermatosis.

Materials and Methods

The studies were carried out in compliance with the
provisions and principles of the Helsinki Declaration of
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the World Medical Association “Ethical principles for
medical research involving human subjects” (conclusions
of the bioethics commission of Bogomolets National
Medical University, Protocol No. 187 dated 23.09.2024).
The study included 91 patients with LP who, during the
period 2024-2025, underwent examination and treatment
at the clinical bases of the Department of Dermatology and
Venereology with a course in cosmetology of Bogomolets
National Medical University: the dermatovenerological
department of St. Michael’s Clinical Hospital of Kyiv and
the Municipal Non-Profit Enterprise “Dermatovenereology
in Kyiv”. All patients provided written consent for the
processing of personal data. The age of the examined
patients ranged 21-65 years; according to sex, there were
59 women and 32 men. The duration of LP disease ranged
from 1 week to 5 years. In each case, the diagnosis was
made on the basis of clinical examination of the patient,
taking into account patient complaints, anamnesis data,
the nature of the clinical picture of the dermatosis, the
extent of the pathological process on the skin, and the
presence of complications. All patients also underwent
general clinical examination and, if necessary, consultation
with related specialists. The determination of the state
of the microcirculatory bed of the skin was carried out
in 91 patients with LP using laser Doppler flowmetry
(LDF) on the device “Vingmed SD-100" (company
“Medata”, Sweden). The state of dermal blood circulation
was determined, in particular, generalizing indicators:
microcirculation index (MI), standard deviation of the
microcirculation index (SD), coefficient of variation (CV);
amplitude spectrum: amplitude of slow oscillations (ALF),
amplitude of pulse oscillations (ACF), amplitude of fast
oscillations (AHF); components of the mechanisms of
modulation of dermal tissue blood flow: the first component
of the active mechanism of modulation of tissue blood
flow (1ICAMTBF = ALF/MI), the second component
of the active mechanism of modulation of tissue blood
flow 2CAMTBF = SD/ALF), the first component of the
passive mechanism of modulation of tissue blood flow
(1ICPMTBF = ACF/SD), the second component of the
passive mechanism of modulation of tissue blood flow
(2CPMTBF = AHF/SD); index parameters: intravascular
resistance (IR), coefficient of microcirculation efficiency
(CME) in areas of lesional skin (area o) and unaffected skin
(area B).

Microbiological analysis of the skin microflora from
areas o and B was also performed in 91 patients with
LP using the contact agar plate method, followed by
morphological identification of the microorganisms.

The control group consisted of 30 practically healthy
individuals, matched by age and sex.

Statistical processing of the research results was carried
out using generally accepted parametric and nonparametric
methods of statistical analysis in medical and biological
studies on a personal computer using the programs
Statistica 6.0 (“Statsoft”, USA) and Microsoft Excel. The
values of the arithmetic mean (), standard deviation (o),
and the error of the mean (m) were determined. The level
of significance of differences (p) was calculated using
Student’s t-test (t). In the case of non-uniform distribution
of features, significance was determined using the
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nonparametric Mann—Whitney test. To determine the degree
of relationship between two indicators, the correlation
coefficient (r) was calculated. Positive values of r indicated
a direct relationship of indicators, negative values indicated
an inverse relationship between them (r equal to up to
0.30 indicated a weak degree of relationship, from 0.31
to 0.50 — a moderate degree of relationship, from 0.51 to
0.70 — a significant degree, and from 0.71 to 1.00 — a high
degree of relationship between the studied indicators).

Research results and their discussion

91 patients with LP were examined. Among the
probable causes of dermatosis occurrence, the dominant
positions were occupied by neuro-psychic factors, bacterial
and viral infections, which were noted, respectively, in
31(34.1 %) and 19(20.8 %) patients. Notably, 16(17.6 %)
patients could not identify the probable cause of dermatosis
development.

Concomitant pathology was detected in 42(46.2 %)
patients and was represented by diseases of the
gastrointestinal tract (in 13-14.3 %), pathology of
peripheral circulation (in 4-4.4 %), and the nervous system
(in 3-3.3 %). In 7(11.9 %) women, gynecological diseases
were diagnosed. Among other diseases suffered before
the onset of LP, the leading positions were occupied by
acute respiratory viral infections, which were observed in
88(96.7 %) patients.

Disseminated LP was diagnosed in all observed patients.
In 69(75.8 %) patients, a typical form of dermatosis was
identified, in 12(13.2 %) — hypertrophic, and in 11(11.0 %) —
pigmented. In 58(63.7 %) patients, a progressive stage of
the pathological process was verified, and in 33(36.3 %) —
a stationary stage. Lesions of the oral mucosa were noted in
18(19.8 %) examined patients with LP.

So, in the examined patients, different clinical forms
and stages of LP were diagnosed. The conducted analysis
of skin clinical manifestations of LP proves the expediency
of studying individual mechanisms of its development, in
particular, the states of dermal blood circulation and skin
microbiocenosis.

In the study of dermal blood circulation, it was
established that in patients with LP, regardless of the
clinical form of the dermatosis, suppression of the values of
generalizing indicators was observed both in the areas o and
B (at a distance of not less than 1-3 cm from the areas of LP
rash lesions). At the same time, a decrease in the indicators

KJITHIYHA IIPAKTHUKA

of the amplitude spectrum of the microcirculatory bed of
the skin, in particular MI, reflects insufficiency of tissue
perfusion, SD — deterioration of the functioning of the
mechanisms of modulation of the microcirculatory bed of
the skin, and CV — suppression of vasomotor activity of
microvessels. The results of the corresponding studies were
presented in Table 1.

Datarevealed that in the examined patients, regardless of
the clinical form ofthe pathological process, multidirectional
changes in the values of ALF occur in areas a and . In
particular, if in lesional area a. its suppression was recorded:
in the typical form of the dermatosis to 1.12 +0.04 perfusion
units (PU), in the hypertrophic form —to 1.17 £ 0.03 PU,
and in the pigmented form to 1.14 + 0.05 PU (in individuals
of the control group — 1.28 £ 0.05 PU; p < 0.05), then
in unaffected area P, on the contrary, an increase was
noted, respectively, to 1.46 £ 0.6 PU, 1.52 + 0.08 PU and
1.43 £ 0.04 PU (p < 0.05). The values of the amplitude
of fast oscillations (AHF) and the amplitude of pulse
oscillations (ACF) decreased, regardless of the clinical
forms of the disease (p < 0.05), both in areas o and f.

It was established that in the examined patients with LP,
regardless of the clinical form of the pathological process,
physiological values of the first component of the active
mechanism of modulation of tissue blood flow (1CAMTBF)
and the second component of the active mechanism
of modulation of tissue blood flow (2CAMTBF) were
registered in area a, in contrast to area 3, where an increase
in the level of 1ICAMTBF was noted, which was associated
with a decrease in the levels of 2CAMTBEF. The activity
of both ICAMTBF and 2CAMTBF was recorded in
a suppressed state (p < 0.03) in both areas of examination.
As for intravascular resistance (IR), its physiological
content was stated in lesional area o and an increase in
unaffected area . The increase in the levels of CME in both
areas of the study deserves attention. These processes were
independent of the clinical form of the dermatosis.

Since ALF reflects the endothelial activity of
capillaries, precapillary sphincters and juxtacapillary
(“shunting”) blood flow, AHF — blood stasis in venules,
ACF - vasodilation processes in the microcirculatory bed
of the skin, ICAMTBF and 2CAMTBF - respectively
myogenic and neurogenic potentials, |CPMTBF — cardiac,
and 2CPMTBF - respiratory rhythms of fluctuations.
IR reflects rheological properties, and CME makes it
possible to volumetrically assess the ratio of active and

Table 1
Generalizing indicators of the state of the microcirculatory bed of the skin depending
on the clinical form of lichen planus
Groups of examined LDF examination MI (M £ m), SD (M £ m), CV (M £ m),
patients areas Perfusion Units Perfusion Units Perfusion Units
Patients with typical form o 4.05+0.13% 0.61 +0.03* 1521 +£0.17*
of LP (n = 69) B 3.98 £ 0.15% 0.57 + 0.04* 14.98 + 0.16*
Patients with hypertrophic o 4.12 £0.09* 0.63 £ 0.04* 15.35+0.15*
form of LP (n = 12) B 4.16 +0.13* 0.56 + 0.05* 15.04 +0.15%
Patients with pigmented o 3.98 + 0.08* 0.59 £ 0.06* 15.07 £ 0.18*
form of LP (n = 10) B 424 £0.17* 0.55 + 0.06* 15.02 + 0.14*
Control group (n = 30) Unaffected skin 498 +£0.15 0.79 £ 0.06 16.41 +£0.14

Note: * — significant difference from the values of the corresponding indicator in individuals of the control group (p < 0.05).
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passive modulation of blood flow, the obtained results
demonstrate that, regardless of the clinical form of the
dermatosis, in area o — a stagnant-stasis type, and in
area 3 — a spastic type of blood flow was recorded.

Observations showed that in the examined patients
with LP, regardless of the clinical stage of the pathological
process, a decrease in the values of generalizing indicators
was recorded both in areas a and B. This indicates
insufficiency of tissue perfusion, functioning of the
mechanisms of dermal blood circulation and vasomotor
activity of microvessels. It was established that in patients
with LP, regardless of the clinical stage of the dermatosis,
multidirectional changes in ALF values were noted
both in areas a and . In particular, if in the progressive
stage of the disease, its decrease to 1.09 + 0.07 PU was
stated (in the control group — 1.28 £ 0.05 PU; p < 0.05),
then in the stationary stage, on the contrary, an increase
to 1.40 = 0.02 PU (p < 0.05). In area B, regardless of the
clinical course of the dermatosis, an increase in ALF values
was observed, respectively, to 1.53 + 0.10 PU (p < 0.05)
and 1.45+0.04 PU (p <0.05). The values of AHF and ACF
were read, regardless of the clinical stage of the disease, in
both areas of the study.

The dependence of the levels of 1ICAMTBF and
2CAMTBF on the clinical stage of the dermatosis was
recorded in patients with LP. Thus, if both indicators
retained control values in the progressive course of
the disease in area o, respectively, 0.24 = 0.02 % (in
individuals of the control group — 0.26 £ 0.03 %; p > 0.05)
and 0.65 £ 0.05 % (in individuals of the control group —
0.68+0.04 %; p>0.05), theninarea  ICAMTBF increased
to 0.38 + 0.04 % (p < 0.05), and 2CAMTBEF decreased to
0.040 + 0.03 % (p < 0.05). In patients with the stationary
stage of the dermatosis, the levels of ICAMTBEF in both
areas of examination increased (p < 0.05), and 2CAMTBF
decreased (p < 0.05). The activity of both ICPMTBF and
2CPMTBF (p < 0.05) was recorded in a suppressed state,
regardless of the course of the dermatosis.

It was stated that in patients with the progressive
stage of LP, the preservation of control values of IR in
area o — 3.72 = 0.15 % (in individuals of the control
group — 3.68 £ 0.09 % (p > 0.05)) and their increase in
area f—4.08 £ 0.17 % (p <0.05) occur. In patients with the
stationary stage of the dermatosis, an increase in the levels
of the indicator in both areas was observed, respectively,
t0 3.97 + 0.10 % (p < 0.05) and 4.02 £ 0.08 % (p < 0.05).
An increase in CME values was recorded regardless of the
stage of the pathological process and the area of study.

Thus, the obtained results of the values of generalizing
indicators (MI, SD, CV), amplitude spectrum (ALF, AHF,
ACF), components of the mechanisms of modulation
of dermal tissue blood flow (1CAMTBF, 2CAMTBEF,
ICPMTBF and 2CPMTBF), index parameters (IR and
CME) of the microcirculatory bed of the skin make it
possible to verify in patients with typical, hypertrophic and
pigmented forms of LP, with the progressive stage of the
dermatosis, a stagnant-stasis type of blood flow — in area o
and a spastic type — in area . In patients with the stationary
stage of the pathological process, in areas both a and f3, a
spastic type of hemodynamics was identified. In individuals
of the control group, a normotonic type of blood flow was
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observed. The obtained results of the corresponding studies
require consideration in the development of optimized
treatment management for patients with LP.

We also conducted a study of the state of the skin
microbiocenosis in the examined patients with LP. Before
the study, topical corticosteroids, local antiseptics and
antifungal agents, as well as systemic antibiotics, were not
used for three days.

According to the results of the conducted studies in
individuals of the control group and in the examined patients
with LP, a taxonomic composition of microorganisms
was identified, which consisted mainly of S. pyogenes,
S. epidermidis, S. saprophyticus, S. aureus, E. coli and “other
species”. Since representatives of the genera Micrococcus,
Bacillus, Sarcina, Acinetobacter and other genera were very
rarely encountered; therefore, they were grouped “other
species”. It was shown that in individuals of the control
group the following were isolated: S. aureus — in 2(6.7 %)
individuals, E. coli — in 2(6.7 %), S. epidermidis — in
3(10.0 %), S. pyogenes — in 4(13.3 %), S. saprophyticus — in
11(36.6 %), “other species” —in 8(26.7 %). It should be noted
that among them, in 2(6.7 %) an association of S. aureus
and S. saprophyticus was isolated, in 2(6.7 %) — E. coli and
S. saprophyticus, and in 2(6.7 %) — S. pyogenes and “other
species”. Thus, the examined individuals of the control group
demonstrated a monomicrobial skin colonization pattern.

A completely different picture was observed in patients
with LP. In particular, in patients with the typical form of
the dermatosis, the following associations were isolated
from area o: S. aureus, S. pyogenes and S. epidermidis —
in 25(36.2 %) individuals, S. aureus, “other species” and
S. saprophyticus — in 15(21.7 %), S. aureus, S. pyogenes,
E. coli and S. epidermidis — in 24(34.8 %), E. coli and
S. saprophyticus — in 2(2.9%). And only in 3(4 %)
individuals S. epidermidis was isolated as a monomicrobial
agent. Thus, patients with the typical form of LP were
characterized by polymicrobial colonization of area a.
The spectrum of the microbial landscape narrowed during
microbiological examination of area . The following
combinations were recorded: S. aureus and S. epidermidis —
in26(37.7 %) individuals, S. pyogenes and S. saprophyticus —
in 24(34.8 %), “other species” and S. saprophyticus — in
13(18.8 %) individuals. And only in 4(5.8 %) individuals
S. epidermidis was isolated, and in 2(2.9 %) — E. coli
as the only representatives of the skin microflora. Thus,
patients with the typical form of LP were characterized by
dual-species colonization of area B. It should be noted the
excessive increase in the detected microorganisms in both
areas of examination in this category of patients (p < 0.05).

In patients with the hypertrophic form of LP in area
o, the following associations were registered: S. aureus
and S. saprophyticus — in 3(25.0 %) individuals, “other
species” and S. saprophyticus — in 3(25.0 %), S. pyogenes
and S. saprophyticus — in 3(25.0 %), S. epidermidis and
E. coli — in 3(25 %). Similar results were obtained for
area . Thus, in this category of patients, dual-species
colonization of both areas o and B was noted. Also, in these
patients, an increased number of isolated microorganisms
(p <0.05) was observed in both areas of the study.

It was shown that in patients with the pigmented form
of LP in area o, the following combinations were recorded:
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S. aureus and S. saprophyticus — in 2(20.0 %) individuals,
“other species” and S. saprophyticus — in 3(30.0 %),
S. pyogenes and S. saprophyticus — in 3(30.0 %),
S. epidermidis and E. coli — in 2(20.0 %). Similar results
were also obtained in area B. In this group of patients, dual-
species colonization was observed both in areas o and .
Also, an excessive number of detected microorganisms
(p < 0.05) was noted in these patients in both areas of
examination.

In patients with the progressive stage of LP in area o,
the following associations appear: S. aureus, S. pyogenes
and S. epidermidis — in 22(37.9 %) individuals, S. aureus,
“other species” and S. saprophyticus — in 15(25.8 %),
S. aureus, E. coli and S. saprophyticus — in 6(10.4 %).
And only in 3(5.2 %) individuals S. epidermidis was
isolated as a single-species colonization. Thus, patients
with the progressive stage of LP were characterized by
polymicrobial colonization of area a. In area B, during
microbiological examination, a narrowing of the spectrum
of the microbial landscape of the skin was recorded.
In particular, the following combinations were identified:
S. aureus and S. epidermidis — in 19(32.8 %) individuals,
S. pyogenes and S. saprophyticus — in 18(31.0 %),
“other species” and S. saprophyticus — in 15(25.9 %),
S. epidermidis and E. coli — in 6(10.3 %). In patients with
the progressive stage of LP, dual-species colonization of
area 3 was observed. Also, in these patients, an increased
number of detected microorganisms was distinguished in
both areas of examination.

It was established that in patients with the stationary
stage of LP in area o, the following combinations were
registered: S. aureus and S. saprophyticus — in 11(33.3 %)
individuals, “other species” and S. saprophyticus —
in 9(27.3 %), S. pyogenes and S. saprophyticus — in
7(21.2 %), S. epidermidis and E. coli — in 6(18.2 %).
Comparable results were obtained in area . The patients
with the stationary stage of LP were characterized by
dual-species colonization of both areas a and p. Attention
was also required by the increased number of detected
microorganisms in both areas of the study.

The control group showed a polymicrobial skin
microbiocenosis composed of several bacterial species,
including S. aureus, S. pyogenes, S. epidermidis,
S. saprophyticus, and E. Coli, “other species”, which
were isolated as monomicrobial pathogens. A different
picture was diagnosed in patients with LP; in particular, in
patients with the typical form of the dermatosis in areas
o, polymicrobial colonization occurs, which consists of
associations of three or more of these microbial agents.
Area B was characterized by a narrowing of the spectrum
of microbial combinations to two components, that is, the
development of dual-species colonization. Similar results
were also obtained in patients with the progressive stage
of the disease. A more problematic type of infection was
identified in patients with hypertrophic and pigmented
forms and the stationary stage of LP in both areas of
the study. In addition, in the examined patients with LP,
an increase in the microbial colonization of detected
microorganisms was noted, which does not depend on
the form of the dermatosis, the stage of the pathological
process and the areas of skin examination.
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The analysis of the studies conducted by us in patients
with LP with different clinical forms of this dermatosis
(typical, hypertrophic, pigmented) indicates the presence
of a moderate degree of relationship between the state of
dermal vascularization and skin microbiocenosis, which
ranges from r, = +0.32 to r, = +0.41. A similar degree of
relationship between the state of dermal blood circulation
and skin microbiocenosis was also found in patients with
progressive and stationary stages of the course of this
dermatosis, which ranges from r, = +0.31 to r = +0.44.

Thus, the identified features of the skin microbiocenosis
and dermal blood circulation in patients with LP indicate
their important role in the pathogenesis of this dermatosis,
which requires consideration in the development of
optimized treatment management.

Conclusions

According to the analysis of the results of studies of
the functional state of the dermal microcirculatory bed, in
particular the microcirculation index (MI), standard deviation
of the microcirculation index (SD), coefficient of variation
(CV); amplitude spectrum: amplitude of slow oscillations
(ALF), amplitude of pulse oscillations (ACF), amplitude of
fast oscillations (AHF); components of the mechanisms of
modulation of dermal tissue blood flow: the first component
of the active mechanism of modulation of tissue blood
flow (1ICAMTBF = ALF/MI), the second component of
the active mechanism of modulation of tissue blood flow
(2CAMTBF = SD/ALF), the first component of the
passive mechanism of modulation of tissue blood flow
(ICPMTBF = ACF/SD), the second component of the
passive mechanism of modulation of tissue blood flow
(2CPMTBF = AHF/SD); index parameters: intravascular
resistance (IR), coefficient of microcirculation efficiency (CME)
in patients with typical, hypertrophic and pigmented forms of
LP with the progressive stage of the dermatosis, a stagnant-stasis
type of blood flow in the areas of the pathological process and
a spastic type of blood flow in the areas of unaftfected skin were
verified. In patients with the corresponding clinical forms of LP
with the stationary stage of the pathological process, a spastic
type of hemodynamics was registered both in the areas of the
pathological process and in the areas of unaffected skin.

The presence of changes in the skin microbiocenosis in
patients with lichen planus was established. In particular,
in patients with the typical form of the dermatosis with
progressive and stationary stages of the course, polymicrobial
colonization in the areas of skin lesions was diagnosed, which
was represented by an association of three or more different
microbial agents, and in the areas of unaffected skin, a
narrowing of the spectrum of combinations of microorganisms
to two components (dual-species colonization) was observed.
A dual-species colonization of the skin was also detected in
both lesional and unaffected areas in patients with hypertrophic
and pigmented forms of LP with progressive and stationary
stages of the course. In addition, in the examined patients
with lichen planus, excessive bacterial load of the detected
microorganisms was diagnosed, regardless of the clinical
form of the dermatosis, the stage of the pathological process
and the areas of skin examination.

Our findings indicate that in patients with different
clinical forms of LP (typical, hypertrophic, pigmented), with
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different stages of the course (progressive, stationary), a
moderate degree of association between disturbances of the
state of dermal blood circulation and skin microbiocenosis
was observed.

Prospects for further research. Future research
will focus on developing an improved, pathogenetically

substantiated complex therapy for LP, aimed at indi-
vidualized therapeutic correction of individual trigger
factors significant in the manifestation of the dermatosis,
in particular disorders of dermal blood circulation and skin
microbiocenosis, which will contribute to increasing the
effectiveness of treatment.
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Introduction. Mirizzi syndrome (MS) is a rare but clinically significant complication of gallstone disease that complicates diagnosis and

increases the risk of iatrogenic bile-duct injury.

Aim. Improving treatment for patients with MS by retrospectively analyzing diagnostic approaches and surgical outcomes in patients

treated in 2014-2024.

Materials and methods. We reviewed 1189 records of patients with gallstone cholecystitis; MS was identified in 72 cases (6.05 %).
Patients were classified by Csendes (1989): type I 58(80.55 %), type II 11(15.27 %), type III 2(2.77 %), type IV 1(1.38 %). Ultrasound was
mandatory for all patients; MRCP (31; 43.05 %), MSCT (6; 8.33 %) and ERCP (1; 1.38 %) were used for diagnostic clarification and operative

planning.

Results and Discussion. Ultrasound enabled initial suspicion (dilated cystic duct with a stone in 48; 66.66 %) but was insufficient
for accurate typing. ERCP was complicated by post-procedural pancreatitis in one case. Type I MS was managed with laparoscopic
cholecystectomy, whereas types [I-IV required open reconstructive biliary procedures. Postoperative complications occurred in 28 patients

(38.88 %); no deaths were recorded.

Conclusions. MS management should be type-guided. Routine ultrasound should be complemented — particularly by MRCP — to improve

preoperative classification and support safer, individualized surgery.

Keywords: Mirizzi syndrome, laparoscopy, cholecystectomy, diagnostics, complications.
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B. B. Kouopiii, C. L. Ilizma3ko, I1. T. Mypasiios, /I. M. laBuaos, 0. B. Kosiomiiiuenko
KJITHIKO-AIATHOCTHUYHI ACIIEKTHU JIKYBAHHS MAIIEHTIB I3 CHHAPOMOM MIPI331

O0ecvkuii HayioHanbHuil Meouynuil yHigepcumem, Odeca, Yxkpaina

Beryn. Cunznpom Mipissi — pinkicHe yeknagaensst JKKX, mo yckiiagHIoe 1iarHOCTHKY Ta IiIBULLYE PU3UK YIIKOJDKEHHS )KOBYHHX HPOTOK.

MeTa — OIiIHUTH AIarHOCTHKY i pe3ynsTaTy Xipyprii 3a HasBHOCTI CM (2014-2024). Marepianyu Ta METOAN: HPOBEECHO PETPOCHEKTHB-
Huif aHani3 1189 Bumazkis XXKX; CM Bussneno y 72(6.05 %), TumyBanHs 3a Csendes.

Pesyabratn Ta oOroBopennsi. Y3J[ — OazoBuii meron; misi yrouHeHHs BuxopuctoByBanu MPXIIT 43,05 %, MCKT 8,33 %,
EPXIIT" 1,38 %. y pa3i I tumy nepesaxxana JIXE, y pa3i II-1V — Bigkputi pekoHCTpyKTHBHI BTpydJaHHs. YcknagueHns — 38,88 %, nmeransHOCTI

He OyJ10.

BucnoBku. Taktuka Mae 3anexatu Bin tuny; Y3J] cnin nonosuroBatu Hacammnepen MPXIIT nuist Oe3neyHOro miaHyBaHHS ONMEPalii.
Kurouosi cioBa: curapom Mipis3si, TamapocKoIIis, XONeIHCTEKTOMIisl, )KOBIHOKaM ' sTHA XBOPOOa.

Introduction

Mirizzi syndrome (MS) is a rare yet complex
complication of gallstone disease (GSD), characterized by
compression of the common bile duct or common hepatic
duct by a gallstone impacted in the gallbladder neck or
cystic duct. Prolonged chronic inflammation may lead to
the formation of cholecystocholedochal fistulas and severe
structural damage to the bile ducts, complicating both
diagnosis and surgical treatment.

© V. V. Kolodiy, S. I. Pidmazko, P. T. Muraviov et al., 2026

CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT -'

The reported incidence of MS varies widely — from
0.25 % to 6 % [1-4] among all patients with GSD. Despite
its relative rarity, this condition is clinically significant
due to the diagnostic complexity and the substantial risk
of iatrogenic injury to the biliary tree during surgical
procedures. To this day, Mirizzi syndrome remains
a challenge for surgeons worldwide, particularly in
emergency and urgent settings [1; 5-9].

The primary method of the initial diagnosis of
Mirizzi syndrome (MS) is ultrasound (US), which has
high sensitivity for detecting concrements, but relatively
low specificity with regard to the syndrome itself.
Modern imaging methods, such as magnetic resonance
cholangiopancreatography (MRCP), multislice computed
tomography (MSCT), and endoscopic retrograde
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cholangiopancreatography (ERCP), make it possible to
improve the accuracy of diagnosis; however, during ERCP
complications may arise, such as pancreatitis, bleeding,
perforation, and cholangitis; also, these methods are not
always available in urgent care settings [4—7; 10]. Despite
all the proposed methods of preoperative examination, MS
may be diagnosed only during surgical intervention, which
significantly increases the risks of iatrogenic injuries of the
common bile duct (choledochus), especially in the presence
of an infiltrate in the area of the gallbladder neck [4—11].

The treatment of Mirizzi syndrome depends on
the type of pathology and may vary from laparoscopic
cholecystectomy in type I (A. Csendes classification (1989))
to complex open surgical interventions with reconstructive
manipulations on the bile ducts in more complex types of
the syndrome. That is why the determination of a clear
algorithm for diagnosis and for choosing the optimal
type of surgical intervention is a relevant task of modern
abdominal surgery.

The aim of this work is a retrospective analysis of the
results of diagnosis and surgical treatment of patients with
Mirizzi syndrome for the period from 2014 to 2024, which
will make it possible to determine the main trends, the
features of treatment, and to formulate recommendations
regarding the improvement of approaches to this complex
surgical problem.

Materials and Methods

A retrospective analysis was conducted of 1189 medical
records of patients with gallstone cholecystitis who were
treated at the “ORCMC” of the Department of Surgery
of Odesa National Medical University during the period
from 2014 to 2024. Among the total number of examined
patients, Mirizzi syndrome (MS) was diagnosed in 72 cases,
which amounted to 6.05 %. Of these, there were 51 women
(70.84 %) and 21 men (29.16 %). The patients’ ages ranged
from 25 to 92 years.

All patients with Mirizzi syndrome were classified
according to the A. Csendes classification (1989), which
includes four types of the syndrome. The distribution of
cases was as follows: MS type I — 58 patients (80.55 %),
type II — 11 patients (15.27 %), type III — 2 patients
(2.77 %), type IV — 1 patient (1.38 %).

The mandatory primary diagnostic method for all patients
was abdominal ultrasound (US), which allowed the initial
suspicion of MS. To clarify the diagnosis, determine the
syndrome type, and plan the surgical treatment strategy,
additional instrumental methods were used, such as
magnetic resonance cholangiopancreatography (MRCP) —
in 31 patients (43.05 %), multislice computed tomography
(MSCT) — in 6(8.33 %), and endoscopic retrograde
cholangiopancreatography (ERCP)—in 1 patient (1.38 %). All
patients underwent a standard diagnostic set of examinations,
which included complete blood count and biochemical blood
tests, urinalysis, determination of blood group and syphilis
screening, as well as testing for hepatitis and tumor markers.

Evaluation of treatment outcomes was carried out
based on the analysis of postoperative complications (early
bile leakage, formation of biliary fistulas, and others) and
the overall effectiveness of the diagnostic-and-treatment
strategy.

72

Data sources included medical records, imaging
reports (US/MRCP/MSCT/ERCP), operative notes, and
postoperative course documentation; key variables were age,
sex, Csendes type, imaging performed and main findings,
surgical approach and procedural details, postoperative
complications, and mortality. Data were entered into
a structured database, de-identified, stored on a password-
protected device, and access was restricted to the research
team. Statistical analysis was descriptive only: categorical
variables were reported as n (%), continuous variables as
mean = SD (if approximately normal) or median (IQR)
(if skewed), presented overall and, when relevant, stratified
by Csendes type. The study was a retrospective chart review
with no impact on patient management; all extracted data
were anonymized/de-identified prior to analysis, and all
included medical records contained signed consent for
personal data processing and consent for surgical treatment.

Data extraction form (per patient): each patient was
assigned a unique Study ID and no direct identifiers (full
name, address, phone number) were recorded; files were
stored separately and securely. Collected variables included
Study ID (unique anonymized code; text, e.g., MS-001;
source: study database), admission date (index; YYYY-
MM-DD; chart), age (years; integer; chart), sex (F/M; chart),
MS confirmation (yes/no; chart/operative note), Csendes
type (I/II/II/IV; operative note/imaging), US performed
(yes/no; imaging), US findings (free text; imaging), MRCP
performed (yes/no; imaging), MRCP findings (free text;
imaging), MSCT performed (yes/no; imaging), MSCT
findings (free text; imaging), ERCP performed (yes/no;
procedure), ERCP findings (free text; imaging), surgical
approach (Lap/Open/Conv; operative note), postoperative
complications (yes/no; chart), complication details (free
text; chart), and mortality (yes/no; chart).

Research results and their discussion

During the retrospective analysis, Mirizzi syndrome
(MS) was diagnosed in 72 patients, accounting for 6.05 %
of all cases of gallstone cholecystitis. Of these, 51 were
women (70.84 %) and 21 were men (29.16 %). The
patients’ ages ranged from 25 to 92 years.

The distribution of patients by MS type (according
to the A. Csendes classification) showed a predominance
of type I, which was observed in 58 patients (80.55 %).
Type II MS was diagnosed in 11 patients (15.27 %), type 11
in 2 patients (2.77 %) and type IV in 1 patient (1.38 %)
(Figure 1).

The primary method of initial diagnosis of Mirizzi
syndrome (MS) was ultrasound (US), which made it
possible to suspect the syndrome in all patients, namely a
dilated cystic duct with a stone — 48 patients (66.66 %).
However, the specificity of US for establishing the type
of the syndrome and assessing the extent of involvement
was insufficient. The additional use of magnetic resonance
cholangiopancreatography (MRCP) made it possible to
clarify the type and degree of involvement in 31 patients
(43.05 %). Multislice computed tomography (MSCT) was
effective in refining the diagnosis in 6 cases (8.33 %), and
endoscopic retrograde cholangiopancreatography (ERCP)
was used in 1 patient (1.38 %) and was accompanied by the
development of acute post-procedural pancreatitis.
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Fig. 1. Types of Mirizzi Syndrome

In two patients, contraindications to performing ERCP
were identified in the form of parapapillary diverticula,
and in one more patient repeated attempt to catheterize the
papilla of Vater were unsuccessful.

Analyzing the surgical tactics, it was established that
in type I Mirizzi syndrome laparoscopic cholecystectomy
(LC) was the procedure of choice. Contraindications
to LC in type I MS included a dense inflammatory
infiltrate in the area of Calot’s triangle and the inability
to clearly visualize the anatomical structures, as well as
the generally accepted contraindications to performing
laparoscopic interventions. Laparoscopic cholecystectomy
was performed in 58 patients (80.55 %). In patients with
type II MS, open procedures were predominantly carried
out: open (laparotomic) cholecystectomy with repair
(plastic) of the common bile duct over a Kehr T-tube in
7 cases (9.72 %); external drainage of the common bile
duct according to Vishnevsky in 2 cases (2.77 %); subtotal
cholecystectomy with drainage of the gallbladder remnant
in 2 patients (2.77 %); and, in patients with types III and
IV MS, open cholecystectomy with the creation of a
hepaticojejunostomy on a defunctionalized Roux-en-Y
loop was performed in 3 patients (4.16 %) (Table 1).

Postoperative complications were observed in
28 patients (38.88 %), and there were no fatal cases.
In 3 patients with type II MS, the complications were
represented by bile leakage after subtotal cholecystectomy,
in one patient with type I MS, after the laparoscopic
cholecystectomy, experienced early bile leakage through
the drain originating from the ducts of Luschka (4;
5.55 %), the formation of a postoperative biliary fistula

after laparotomic cholecystectomy — in 2 patients (2.77 %).
In addition, among patients with type II MS, incisional
seromas were also observed in 4 patients (5.55 %) and
postoperative right-sided pneumonia in 2 patients (2.77 %).

Analyzing the treatment outcomes of patients with
MS who underwent laparoscopic surgery, the following
complications were identified: lower-extremity deep
vein thrombosis in 7 patients (9.72 %); superficial
thrombophlebitis of the lower extremities in 5 patients
(6.94 %); postoperative right-sided pneumonia in 2 patients
(2.77 %); Cardiac rhythm disturbances in 2 patients
(2.77 %); subsegmental pulmonary embolism (SSPE) in
1 patient (1.38 %) (Figure 2).

Pathogenetically justified conservative therapy allowed
successful resolution of these complications in all patients.
Such a number of complications may be due to the high
comorbidity index in these patients, particularly involving
the cardiopulmonary system. In such patients, the
negative effects of high-pressure carboperitoneum during
laparoscopic interventions become clinically significant.

The obtained results emphasize the necessity of the
comprehensive use of modern diagnostic methods to
determine the type of Mirizzi syndrome, which makes
it possible to choose the optimal method of surgical
intervention and to minimize the number of conversions,
as well as to reduce the risk of intra- and postoperative
complications. In our opinion, the widespread introduction
into practical activity of MRCP with 3D reconstruction of
the biliary tree can improve the preoperative diagnosis of
MS without exposing patients to the risk of periprocedural
complications as during ERCP.

Table 1
Surgical Treatment Methods for Mirizzi Syndrome
MS Type Operation procedure Number of Patients (n) | Percentage (%)
Type | Laparoscopic cholecystectomy 58 80.55 %
Open cholecystectomy with bile duct reconstruction (Kehr 7 972 %
drainage) e
Type Il External drainage of the common bile duct (Vishnevsky technique) 2 2.77 %
Subtotal cholecystectomy with drainage of the gallbladder remnant 2 2.77 %
Cholecystectomy with the creation of hepaticojejunostomy on a
Type IV defunct}i/onalizedyRoux-en-Y loop PAERNS Y 3 4.16%
Total 72 100 %
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Fig. 2. Postoperative complications with Mirizzi Syndrom

In urgent conditions, given the lack of time for a full
preoperative examination, clear visualization of the biliary
and vascular structures has primary importance. The use of
such novel techniques as fluorescent laparoscopy and the
development of new methods for identifying the anatomical
structures of Calot’s triangle will make it possible to
significantly increase the proportion of laparoscopic
interventions in MS, preventing the risk of injury to the
bile ducts and the hepatic artery. The development and
application of gasless technologies for endovideosurgical
interventions, taking into account the predominantly
advanced age and severe polymorbid background in
patients with acute cholecystitis complicated by MS, will
make it possible to expand the group of patients operated
on using laparoscopic methods.

Conclusions
1. Mirizzi syndrome is a rare but clinically significant
complication of gallstone cholecystitis, detected in 6.05 %
of the examined patients over the period from 2014 to
2024. The disease predominantly occurs in women.

2. The most common was type I MS (80.55 %), which
in most cases is effectively treated with laparoscopic
cholecystectomy. In more complex types (IL, III, and IV),
open surgical interventions with reconstructive procedures
on the bile ducts predominate.

3. The primary method of initial diagnosis of Mirizzi
syndrome remains ultrasound, however it requires
mandatory supplementation with modern diagnostic
methods (especially MRCP), which allow high-accuracy
determination of the syndrome type and selection of an
adequate treatment strategy.

4. Careful preoperative planning, with the use of
modern diagnostic methods and the correct choice of
surgical tactics, makes it possible to significantly reduce the
risk of postoperative complications and to ensure successful
treatment outcomes for patients with Mirizzi syndrome.

Thus, the results obtained underscore the importance
of a multidisciplinary approach to the management of
patients with Mirizzi syndrome and the need for further
refinement of diagnostic and therapeutic algorithms for this
challenging patient group.
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Introduction. The problem of treating periodontal diseases, particularly generalized periodontitis, remains relevant worldwide. Therefore,
there is still a need to continue the search for new therapeutic approaches for this pathology. In recent years, hyaluronic acid has gained
popularity as a treatment modality for periodontal diseases, which supports the ongoing investigation of the efficacy of its various forms.

Objective of the study. To evaluate the clinical effectiveness of locally applied hyaluronic acid in combination with standard therapy
during the hygienic phase of treatment for generalized periodontitis in young adults.

Materials and methods. The study included 68 patients aged 26 to 35 years, who were divided into two groups: a main group of
35 individuals and a control group of 33. The assessment of periodontal status in both groups was performed using periodontal tests and by
calculating the following indices: the OHI-S index, the PBI bleeding index, the PMA index, the PI index, and the Schiller—Pisarev test. The
condition of the periodontal tissues was evaluated before treatment and at 3 days, 2 weeks, and 1 month after treatment.

Results and discussion. The results of the study indicate that the use of hyaluronic acid contributes to a more rapid normalization of the
periodontal tests and indices used for the objective assessment of periodontal tissue status during the hygienic phase of treatment of generalized
periodontitis. The positive dynamics observed in the PMA and PBI indices, as well as the Schiller-Pisarev test, demonstrate a significant anti-
inflammatory and anti-edematous effect of the hyaluronic acid hydrogel on the periodontal tissues, which is capable of stabilizing periodontal
tissue condition after initial treatment of generalized periodontitis already within the earliest follow-up periods.

Conclusions. The local application of hyaluronic acid in the form of a hydrogel contributes to significant improvement of periodontal
tissue status.

Keywords: periodontitis; topical therapy; hygienic phase; hyaluronic acid; periodontal indices.
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E®EKTUBHICTH 3ACTOCYBAHHSA I'NAJTYPOHOBOI KHCJIOTH Y XBOPHUX HA TAPOJOHTHUT HA ETAIII
TITTIEHIYHOI ®A3H JIIKYBAHHA

1 Xapxiscokutl nayionanvhuil meouunuil ynieepcumemy, Xapxis, Yxpaina

2 Cmomamonoziuna xninika «Mpisy, Xapxie, Vipaina

CTarTiO IPUCBAYCHO MOPIBHAIBHIN OIIHI KIHIYHOT €()EKTUBHOCTI MICIIEBOTO BHKOPHCTAHHS TialypOHOBOI KHCIOTH Ta CTaHIAPTHOI
Tepamnii Ha eTari ririeHiuHoi (a3u NiKyBaHHS TeHepali30BaHOTO MAPOJOHTHTY B 0Ci0 Monozoro Biky. o nocmimkeHns Oymo 3anydeHo 68 mari-
€HTIB y Billi Bix 26 10 35 pokiB, siKi YBIAILIK J0 JBOX IPYI: OCHOBHOI 3 35 0cib Ta koHTponbHOI — 3 33. Ilicis mpoBeNeHHS MaHIMYIAI[INH
3a Cy4aCHHMH MPOTOKOJIAMH TAIli€eHTaM KOHTPOJBHOI Py MpH3HAYeHO poToBi BaHHOUKH 3 0,12 % PO3YMHOM XJIOPreKCHUIUHY MPOTSIIOM
14 nHiB, a marieHTamM ocHOBHOI — 3 0,025 % po3urHOM TianypOHOBOI KUCIOTH B aHAJOTi9HOMY pexknMi. OTpuMaHi pe3ynbTaTH CBi4aTh, 0
riaJlypoHOBa KHCJIOTa CHPHUsIE OUTBII MIBUAIIINH HOPMani3alii HapoJOHTANBHUX P00 Ta iHAEKCIB, 110 BUKOPUCTAHUX ISl 00’ EKTHBHOT OLIHKA
CTaHy TKaHWH TIAPOJIOHTA Ha €Talli TirieHiYHO1 (a3u JTiKyBaHHS reHepalli30BaHOTO MapOJOHTHTY.

Kiio40Bi ciioBa: mapogoHTHUT, MiCLIeBe JIIKyBaHHsI, ririeHiYHa (asa, rianypoHOBa KMCIOTa; MAPOJOHTANbHI IHACKCH.

Introduction high prevalence (about 11 % of the population; the sixth

Despite substantial advances in theoretical and clinical most prevalent disease worldwides) [1], progressive course,

dentistry, periodontal diseases remain a significant problem limited effectiveness of current therapies, and their marked

worldwide due to several objective factors, including their negative impact on patients’ psycho-emotional status and
somatic health [2].

In Ukraine, the epidemiologic situation is discouraging.

In recent years the number of adults, including young

©1.1. Sokolova, O. V. Garmash, Yu. O. Slynko et al., 2026 individuals, with generalized periodontitis (GP) has

@ steadily increased [3]. Over the past decade, the prevalence
CTaTTst MOMMPIOETHCS HA YMOBAX JTICH3i of inflammatory and inflammatory-dystrophic periodontal
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diseases among young adults has risen by 15 %. Although
this increase is attributable to the initial gingivitis stage,
gingivitis is a precursor of periodontitis.

Periodontal diseases are multifactorial, and their
pathogenesis is extremely complex. Although the microbial
factor is recognized as pivotal in GP etiopathogenesis,
antimicrobial therapy combined with calculus removal alone
does not prevent further inflammatory-destructive processes
in periodontal tissues or achieve stable remission [4; 5].

A wide range of dental care is required for such patients —
from various preventive programs and dispensary follow-up to
comprehensive multidisciplinary rehabilitation. Nevertheless,
dentists, therapists, and periodontists traditionally focus most
on local pharmacotherapy of GP, as local treatment can
deliver active agents directly to periodontal structures — from
soft tissues (gingiva, periodontal ligament) to hard tissues
(alveolar bone and cementum).

Accordingly, optimizing local treatment to enhance GP
treatment effectiveness in young adults remains an urgent
issue in contemporary dentistry.

A reduction in epithelial barrier and defensive functions
owing to impaired tight intercellular contacts, facilitating
penetration and spread of pathogens and their toxins,
plays a certain role in GP pathogenesis [6; 7]. Hyaluronic
acid (HA), a natural, non-sulfated glycosaminoglycan, is
the principal component of the intercellular matrix and
underlies numerous connective-tissue functions: structural
integrity, trophic and transport activity, regulation of cellular
differentiation, and maintenance of water and plasma protein
homeostasis [8; 9]. Stabilizing the intercellular substance
and preserving structural and homeostatic integrity may
therefore reduce bacterial invasion and modulate the
protective effects of HA on periodontal tissues.

In addition, HA supports tissue hydration, cellular
resistance to mechanical damage, and bone regeneration,
shows high biocompatibility with minimal adverse
effects, and even exhibits antibacterial potential, which
has attracted considerable interest across medical fields,
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including dentistry [9-14].

In recent years, HA has gained recognition as an
adjuvant for treating chronic inflammatory diseases [15],
warranting further evaluation of its various formulations.

Objective. To compare the clinical efficacy of local
HA application with standard therapy during the hygienic
phase of GP treatment in young adults.

Materials and Methods

Sixty-eight patients aged 26-35 years were enrolled
and divided into a study group (n = 35) and a control group
(n =33). Groups were age- and gender-matched (Table 1).

Inclusion criteria were Stage I, Grade A GP (Figure 1)
without any treatment in the preceding year; compliance
with physicians’ recommendations; and consent to attend
follow-up visits. Exclusion criteria were decompensated
systemic  diseases, multiple dental defects and
malocclusions, severe uncompensated occlusal anomalies,
antibiotic or immunosuppressant use within the past
6 months, allergy to study medications, pregnancy or
lactation, and non-compliance or missed visits.

Fig. 1. Panoramic radiograph of a 3i-year-old patient (participant in the study group).

Stage I, Grade A generalized periodontitis

ISSN 2226-2008 OJIECBbKWI MEJJAYHNIA XKYPHAII Ne 1 (198) 2026

Table 1
Characteristics of groups by age and gender, abs./%
Group Women Men Total
<30 years | > 30 years | <30 years | > 30 years
Study
n 8 10 8 9 35
% 229 28.5 22.9 25.7 100
Control
n 8 9 8 8 33
% 24.2 274 24.2 24.2 100
Total
n 16 19 16 17 68
% 235 279 235 25.1 100
The study design is presented in Figure 2.
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Selection of individuals with generalized

periodontitis (Stage 1, Grade A)

blishing the diagnosis.
g professional oral hygiene.
n on individual oral hygiene.

l

~ Prescription of mouth baths
with 0.12 % chiorhexidine solution
(Chlorhexidine Dents, Ukraine)
3-4 times daily after oral hygiene for umy.

Prescription of mouth baths
with 0.025 % hyaluronic acid
(Gengigel®, gingival hydrogel, Italy)
3-4 times daily after oral hygiene for 14 days

l

Objectification of periodontal-tissue status
Oral-hygiene evaluation - OHI-S (Green & Vermilion. 1964)
Assessment of bleeding severity - PBI (MGhlemann H., Son S, 1971)
Assessment of inflammation degree - Schiller-Pisarev test (1962),
PMA index by Parma (1961)

Generalization and identification of statistically significant results

Immediately

After 3 days
after treatment D

After 2 weeks || After 1 month

Fig. 2. Study design

All patients provided written informed consent in
accordance with the Kharkiv National Medical University
Bioethics Committee requirements (minutes No. 6
dated 04.06.2025). Dental Chart No. 043/0 and a WHO-
recommended individual card were used. The 2017 EFP/
AAP periodontal disease classification [16] established the
diagnosis.

After diagnosis, supra- and subgingival scaling and
root planing (SRP) with biofilm removal via air-abrasive
technique were performed. Patients then received
individualized oral-hygiene instructions (toothpaste, brush
selection, mouth-rinse regimen). The control group patients
used 0.12 % chlorhexidine solution (Chlorhexidine Denta,
Ukraine) as mouth baths 3—4 times daily for 14 days;
the study group patients used 0.025% HA oral gel
(Gengigel®, Italy) on the same schedule. Both solutions
were recommended to be held in the oral cavity for 1-2 min
(10 mL) with no eating or drinking for 30 min thereafter.

Periodontal status in the control and study groups was
assessed using a set of tests and indices: OHI-S (Green
& Vermilion, 1964) for oral hygiene; PBI (Miihlemann
& Son, 1971) for gingival bleeding; the Schiller—Pisarev

iodine test (1962) and PMA index (Parma, 1961) for
gingival inflammation; and the PI (Russell, 1956) as an
overall periodontal index. Measurements were taken at
baseline and after 3 days, 2 weeks, and 1 month. Data were
processed using standard statistical methods [17].

Research results and their discussion

During the initial oral examination and evaluation
of periodontal tests and indices in the selected cohort
of patients with periodontitis, the correctness of group
formation was confirmed. Specifically, the values of the
OHI-S, PMA, PBI, and PI indices, as well as the Schiller—
Pisarev test, showed no statistically significant differences
either between the groups or between sexes (p > 0.05)
(Table 2).

Regarding the dynamics of the analyzed indices, they
evolved as follows (Table 2). The OHI-S index, which
indicates the state of oral hygiene, had already improved
markedly by Day 3 after treatment (p < 0.01), despite the
presence of some signs of gingival trauma, in both the
control group (1.9-fold in women and 1.7-fold in men) and
the study group (1.9-fold in women and 1.8-fold in men),
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Table 2
The condition of periodontal tissues in patients with GP at the stages of initial treatment (M £+ m)
Women | Men
Index Time point Group
control study control study
OHI-S (points) Before treatment 1.57+0.14 1.58 £0.13 1.66+0.12 1.69 +0.15
Day 3 0.81 £ 0.06' 0.83 £ 0.05' 0.98 £0.07" 0.93 £ 0.06'
Week 2 0.78 £0.04! 0.69 £ 0.04'2 0.88 £0.05! 0.74 +0.04'23
Month 1 0.72 £ 0.03! 0.58 £0.02!23 0.84 +0.04! 0.68 +0.03'3
PMA (%) Before Treatment 543+23 52.8+2.1 587+24 593425
Day 3 48.3+£2.0 472+1.9! 51.2+2.2! 494 £2.1
Week 2 31.4+1.8!? 243 +1.2!23 36.8+1.9!2 28.5 £ 1.4!23
Month 1 253+ 1.3!2 15.4+1.3'%3 28.7£1.5'2 18.7+ 1423
Schiller —Pisarev Before treatment 2.35+£0.21 2.41+0.25 2.76 £0.28 2.77£0.26
test (points) Day 3 2.03+0.19 1.55+0.15'3 2.28+0.25 1.74£0.15'3
Week 2 1.47 +£0.10'2 1.21 £0.08'%3 1.56 £0.11'2 1.27 £ 0.09'23
Month 1 1.35+0.07 1.12 +£0.05'3 1.34 +0.08! 1.16 £ 0.05'3
PBI (points) Before treatment 2.45+0.5 247+0.16 2.57+0.18 2.59+£0.19
Day 3 2.36+0.13 2.11 +£0.09! 2.27+0.11 2.05+0.08!
Week 2 2.03£0.10'2 1.75+£0.09'23 1.95+0.07'2 1.76 + 0.06'2?
Month 1 1.53 £0.08!2 0.67 £0.03'23 1.59 + 0.05!2 0.81 +0.04!23
PI (points) Before treatment 1.97 +£0.39 1.95 +0.39 2.09+0.42 2.05+0.41
Day 3 1.73+£0.36 1.64+£0.31 1.81+£0.38 1.79 £0.35
Week 2 1.52+0.21 1.35+£0.16 1.68 £0.33 1.48+£0.21
Month 1 1.17+£0.11" 0.82 +0.08!23 1.23+£0.13! 0.91 +0.08'23

Notes: ' —p < 0.05 vs baseline; 2 — p < 0.05 vs previous time point; *> — p < 0.05 vs control group.

which reflects the effectiveness of individualized hygiene
instruction. Two weeks after the start of treatment, the trend
toward improved oral hygiene persisted in all patients,
although it was not as marked as at the previous observation
point; nevertheless, statistically significant differences were
still evident (p < 0.05), and certain distinctive features
were noted. Specifically, in the control group the OHI-S
index values for both sexes differed significantly from the
corresponding pre-treatment values (p < 0.05). In the study
group, significant differences were recorded both relative
to baseline (women p < 0.05, men p < 0.01) and, for men,
relative to the control group (p < 0.01). After one month of
observation the earlier trends persisted, albeit with further
deceleration. In women in the study group, the OHI-S index
remained significantly different from its pre-treatment
value, from the earlier observation points, 1 and from the
control group (p < 0.05). In men the same index also showed
statistically significant differences compared with the pre-
treatment state and with the control group (p < 0.05).

The PMA index, which reflects the degree of gingival
inflammation, showed a downward trend in all groups of
patients with GP. In women of the control group, PMA
values fell by 1.1-, 1.5-, and 1.2-fold on Day 3, at 2 weeks,
and 1 month after the start of treatment, respectively,
whereas in women of the study group the reductions were
1.1-, 1.9- (p < 0.01 vs control), and 1.6-fold (p < 0.05
vs control), respectively. It should be emphasized that
although on Day 3 the dynamics and absolute PMA values
were similar between groups (p > 0.05), by the 2-week
mark a clearly greater decrease in gingival inflammation
was evident in the study cohorts — 1.9-fold in women
(p <0.01) and 1.7-fold in men (p < 0.01) — relative to both

sexes in the control group and the preceding observation
point. This accelerated normalization of PMA in both
sexes in the study group persisted after 1 month: a 1.6-fold
reduction in women (versus 1.2-fold in the control group,
p <0.01) and a 1.5-fold reduction in men (versus 1.3-fold
in the control group, p <0.01).

The Schiller—Pisarev test, which provides information on
the presence, intensity, and extent of inflammation, exhibited
the following dynamics. Changes in the test values were
recorded as early as Day 3 of observation. In the control
group the test value decreased 1.2-fold in both women and
men relative to baseline (p > 0.05), whereas in the study
group it declined 1.6-fold in both sexes (p < 0.05). It should
also be noted that by the first follow-up visit a statistically
significant difference between the Schiller—Pisarev test
values of the study and control subjects had already been
established (p <0.01). Two weeks after the start of treatment,
a positive trend toward normalization of gingival status was
observed in all patients of both groups, and the Schiller—
Pisarev test values differed significantly both from the
previous observation point and between groups of the same
sex (p < 0.05). The decrease in the degree of inflammation
persisted one month after initiation of treatment, with a
significant difference between the study and the control
groups (p < 0.05), although without statistical differences
relative to the preceding observation time.

An objective indicator of inflammation is the degree of
gingival bleeding, quantified by the PBI index. Its dynamics
were favorable in all groups by Day 3 of observation, but
only in the study group did the change reach statistical
significance relative to the pre-treatment value (p < 0.05).
Two weeks after the start of observation, the values for
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Fig. 3. Dynamics of periodontal tests and indices
in individuals of the control and study groups

both sexes in the control group differed significantly from
baseline and from the preceding data point, whereas in
the study group the improving PBI dynamics were further
accompanied by a significant difference from the control
group (p < 0.05). The same trend was documented one
month after treatment initiation: in the control group the PBI
values differed significantly from those before treatment for
both sexes, at Day 3, and at two weeks (p < 0.05), while in
the study group, in addition to these differences, a significant
disparity versus the control group persisted, with bleeding
reduced 2.3-fold in women and 1.9-fold in men (p < 0.01).
The periodontal index (PI) provides a comprehensive
evaluation of periodontal tissue status. PI wvalues
improved progressively at every observation point in

the patient cohort, although its dynamics showed certain
differences. In women in the control group, PI decreased
1.1-fold (on Day 3 and at 2 weeks) and 1.3-fold one
month after the start of treatment. In men in the control
group, the reductions were 1.2-fold (Day 3), 1.1-fold
(Day 3 and 2 weeks), and 1.4-fold one month after the
start of treatment. It should be noted that, in the control
group, statistical significance between baseline and
post-treatment PI values was recorded only at the final
follow-up — 1 month (p < 0.05).

In the study group, normalization of periodontal tissues
proceeded more rapidly: a 1.2-fold reduction at Day 3 and
2 weeks and a 1.6-fold reduction 1 month after the start
of treatment in women, and likewise a 1.2-fold reduction
at Day 3 and 2 weeks and a 1.6-fold reduction 1 month
after the start of treatment in men. At the last follow-up
visit, PI values differed significantly not only from baseline
but also from the preceding observations and from the
corresponding control-group data (p < 0.05—p < 0.01).

Visualization of the dynamics of periodontal tests and
indices is presented in Figure 3.

Analyzing the obtained results, we can state that HA
enabled a more rapid normalization of the periodontal
tests and indices chosen for the objective evaluation of
periodontal tissue condition during the hygienic phase
of generalized periodontitis treatment. The favorable
dynamics of the PMA and PBI indices and of the Schiller—
Pisarev test indicate a pronounced anti-inflammatory and
anti-edematous effect of the hyaluronic-acid hydrogel
on periodontal tissues, stabilizing their status soon after
the initial therapy. Improvement in the PI index is also
indisputable; however, its complete normalization requires
a longer follow-up — at least 6-8 weeks — to permit
re-epithelial attachment to the root surface.

Participants also reported that the hyaluronic-acid gel
was easy to apply and pleasant to use.

Consequently, periodontal diseases, and generalized
periodontitis in particular, remain a focal point of active
scientific investigation and of practical dental efforts both
globally and in Ukraine. Unfortunately, they have not yet
been fully brought under control; therefore, the search for
optimized treatment protocols for generalized periodontitis
is a pressing challenge today.

Over recent decades, considerable experience has been
gained regarding the use of HA in the comprehensive
treatment of generalized periodontitis. For example,
Jentsch H. et al. (2003) and Johannsen A. et al. (2009)
reported improvements in the PI index and the bleeding-on-
probing index (BOP) after twice-daily topical application
of 0.2 % HA for three weeks in patients with periodontitis.
Subsequent studies [18; 19] demonstrated that subgingival
administration of HA after SRP favorably affected periodontal
tissues in generalized periodontitis, reducing the PI and BOP
indices as well as periodontal pocket depth. Bertl K. et al.
[20] further noted that local use of HA resulted in fewer sites
requiring repeat SRP at three months and a higher frequency
of pocket closure at 12 months.

Conclusions
1. Topical application of HA in hydrogel form improves
periodontal tissue status, as confirmed by the favorable
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dynamics of the OHI-S, PMA, PBI, and PI indices and the
Schiller—Pisarev test.

2. Incorporating hyaluronic-acid hydrogel into
comprehensive therapy for generalized periodontitis
provides greater clinical efficacy than standard topical
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3. Local use of hyaluronic-acid hydrogel may be
recommended during the first, that is, the hygienic phase of
generalized periodontitis management.

Future research should focus on studying the effects
of HA on the condition of periodontal tissues during the

treatment alone.

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.
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maintenance phase of therapy.
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The purpose. To identify and determine the state of the liver according to the activity of hepatic enzymes and ultrasound diagnostic data
in patients with gastric and duodenal ulcers in chronic helicobacteriosis.

Materials and methods. 54 gastroenterological patients (21 men and 34 women) with gastric and duodenal ulcer caused by chronic
Helicobacter pylori infection and a control group of patients (n = 20) have been examined. Control group patients additionally underwent
biochemical blood tests.

Results. During a comprehensive examination of the main group patients concomitant pathology was detected: chronic pancreatitis,
chronic acalculous cholecystitis, post-cholecystectomy syndrome, arterial hypertension, ischemic heart disease, chronic kidney disease was
diagnosed in patients.

The average degree of contamination of the gastric mucosa with inactive forms of Helicobacter pylori infection by topographic zones
was analyzed. In the majority of gastric and duodenal ulcer patients in chronic Helicobacter pylori infection, concomitant changes in the
gallbladder, pancreas, and liver were observed.

Conclusions. The results of our own studies indicate a high frequency of pathological changes in the ultrasound picture of the liver
parenchyma, the structure of the gallbladder and pancreas in patients with gastric and duodenal ulcer disease in chronic Helicobacter pylori
infection.

The results of clinical and laboratory studies showed that in the main group patients signs of cytolysis are determined in the form of
a significant increase in transaminases, namely alanine transaminase and aspartate transaminase, indirect bilirubin, thymol test. The signs of
cholestasis — an increase in gamma-glutamyltransferase and bilirubin, both direct and indirect, were present as well.

Keywords: Gastric ulcer, duodenal ulcer, chronic Helicobacter pylori infection, liver, Helicobacter Pylori.

YIK 616.33/342-092

I. M. IllyxTina, B. B. lllyxrin, C. I'. KoTi0:xknHCcbKa, B. A. I'yass, JI. M. Tumodiiiosa

YPAKEHHA TEYIHKH ¥V XBOPHUX HA BHPA3ZKOBY XBOPOBY IIIVHKA TA JBAHAIIATHIAJOIL
KHUIIKHA ITPU XPOHIYHOMY I'EJIIKOBAKTEPIO3I

O0ecvkuti HayioHanbHull meouyruil yHigepcumem, Qdeca, Ykpaina

MeTor0 JOCTI/UKEHHS CTaNo BHSABICHHS Ta BU3HAYCHHS CTaHY IEUiHKM 3a TOKa3HHKAMH aKTUBHOCTI TMEYiHKOBHX (DEPMEHTIB Ta TaHUX
YIIBTPa3BYKOBOI IIarHOCTHKH Y XBOPHX Ha BUPA3KOBY XBOPOOY IILTyHKA Ta JBAHA/LATHIIANO] KHIIKH [IPH XPOHIYHOMY TellikoOaKTepiosi.

Pe3ynbraty BIacHUX JOCIIKEHHS CBIIYaTh MPO BHUCOKY YAaCTOTY IATOJOTIYHHX 3MIiH YIBTPa3BYKOBOI KapTHHH MapeHXIMH IEUiHKH,
CTPYKTYPH JKOBYHOTO MiXypa Ta MiANUTYHKOBOI 3aJI03H, 8 TAKO)K BH3HAYAIOTHCS MIPU3HAKY LIUTOMI3Y B BUIVIAI MiBUILCHHS OKA3HUKIB TPaH-
caMiHa3, a caMe aJaHiHTpaHCaMiHa3H Ta acHapTaTTpaHcaMiHa3H, HENPAMOro OinipyOiHy, THMONOBOT MPOOH, Ta MPU3HAKK XOJIeCTasy — Mil-
BUIIEHHS TOKa3HUKIB TaMMa-TiyTaMinTpancdepasu Ta OimipyOiHy sK MpsMOTO Tak i HENPSMOTO y XBOPUX Ha BHPA3KOBY XBOpOOY IUTYHKa Ta
BUPA3KOBY XBOPOOY JBaHAIIIATUIIANO! KAIIKH IIPU XPOHITHOMY TeIliKOOaKTepiosi.

KorouoBi ciioBa: BupaskoBa XBopoOa IINyHKa, BUpa3KkoBa XBOpoOa JBaHALATHIANO! KUIIKK, XPOHIYHUH Teiko0akTepio3, mediHka,
Helicobacter Pylori.

Introduction [3; 4; 9; 12; 14], mainly in women. Half of them complain

According to various literary data, the atypical course
of gastric and duodenal ulcer in chronic Helicobacter
pylori (HP) infection is determined in 8 — 25 % of patients

© 1. M. Shukhtina, V. V. Shukhtin, S. G. Kotiuzhynska et al., 2026
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of a “cholecyst-like” variant of ulcer disease course. At the
same time, signs of chronic non-calculous cholecystitis are
detected in 53 % of cases [1; 6-8], and the combination
of inflammatory and ulcerative lesions of the stomach and
duodenum with cholelithiasis occurs in 21-25 % of cases
[10, 13, 18].

Therefore, on the example of patients’ specified
contingent we are dealing with the comorbid pathology
formation which manifestation characterizes by a changed
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nature of the inflammatory damage of anatomically
closed stomach and duodenum and its spread to
gastrohepatopancreatoduodenal ~ region  parenchymal
organs [2]. In such cases, the diagnostic search in patients
is quite complicated, since at the specific moment of the
doctor’s visit, any organ can give an inflammatory reaction
exacerbation with all the pathophysiological mechanisms
inherent in this and the “vicious circle” of enteral activity
dysregulation [16].

Such a situation, unfortunately, is frequent, in
modern practice of family medicine and, in particular,
gastroenterology as evidenced by statistical indexes [7].
We are experienced in certain part of patients with gastric
and duodenal ulcers with concomitant liver involvement in
the pathological process examination and treatment. Some
similar clinical cases were already analyzed, however,
there were isolated publications [11]. That’s why we
consider it fundamentally justified and clinically important
to analyze the pathogenetic contribution of inflammatory
liver parenchymal lesions to gastroduodenal ulceration
clinical manifestation.

The purpose. To identify and determine the state of
the liver according to the activity of hepatic enzymes and
ultrasound diagnostic data in patients with gastric and
duodenal ulcers in chronic helicobacteriosis.

Materials and Methods

54 patients (21 men and 34 women) aged 62 to 54 years
(the average age was equal to 38.6 + 4.4 years) with gastric
and duodenal ulcer in chronic HP infection were under
observation during the 2022-2025 years in therapeutical
department the Municipal Non-Profit Enterprise “Odessa
Regional Clinical Medical Center”.

As a control group we examined clinically 20 practically
healthy individuals without pathological changes in
abdominal organs and hepatobiliary system.

Patients were examined and anamnesis was taken in
accordance with the Declaration of Helsinki. All patients
and healthy volunteers were informed about their objective
examination results use with scientific purposes. Written
agreement was signed by each of them.

The following criteria were used to include patients in
the study: established clinical diagnosis of chronic non-
atrophic gastritis, gastric ulcer, duodenal ulcer (confirmed
by endoscopic and histological examination with the HP
presence in active or inactive forms on the gastric mucosa);
disease duration from 6 months to 12 years; the patients
comprehensive  examination including biochemical
blood test, esophagogastroduodenoscopy (EGD) and the
abdominal organs ultrasound diagnostics).

The criteria for patients excluding from the study
were the following: the above-mentioned diagnosis
without HP active or inactive forms confirmation on the
gastric mucosa; short disease duration (up to 3 months);
incomplete patients’ comprehensive examination; presence
of oncological disease of the gastrohepatoduodenal organs.

HP infection was verified as etiological factor with
further confirmed endoscopially biopsy material. Urease
and microbiological tests for HP were positive in all
patients. For this aim double testing for HP was used (the
urease test and stained smears microscopy).
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All patients of the control and clinical groups were
undergone to blood biochemical investigation upon
admission to the clinic and before the start of treatment.
Patients who were referred for biochemical blood tests had
not been on anti-Helicobacter therapy over the past 6 months.

The patients’ comprehensive examination included
pH-metry, EGD (usingtheend-facefibrogastroduodenoscope
FG-29V, “PENTAX”, Japan) and ultrasound examination
of the abdominal organs (using portable ultrasound device
“LOGIC eR8”, GE Healthcare, USA).

An ultrasound examination (USE) was performed
using generally accepted method, on an empty stomach,
with patients’ position on back, on the left side and after
changing position. The condition of the liver, gallbladder
walls, its shape and size (volume), motor activity,
nature of the contents (presence of sediment, polyps and
concrements), pancreas, spleen, abdominal vessels were
studied and analyzed.

The sequence of the examination was as follows:
pH-metry was performed firstly, then EGD with biopsy
material for PH testing and gastric mucosa histological
studies. The examinations were done in the morning, on an
empty stomach, 12-14 hrs after the last food intake.

Anti — helicobacter therapy is the treatment standard for
chronic non-atrophic gastritis, gastric and duodenal ulcer
associated with HP. It includes proton pump inhibitors
(PPIs) in a standard dose twice a day + clarithromycin
500 mg twice a day +amoxicillin 1000 mg or metronidazole
500 mg twice a day. The duration of the course of threatment
is 7 days. The functional state of the hepatobiliary system
was examined at the stage of anti-helicobacter therapy in
the main group patients.

The obtained results were statistically analysed using
the oneOway ANOVA parametric criterion. The minimum
statistical significance threshold was set at p < 0.05.

Research results and their discussion

Gastric and duodenal ulcer patients in chronic HP infection
complain of heartburn in 71.9 % of cases, acid regurgitation
in 66.6 %, pain, feeling of heaviness in the epigastric region
had 81 % of patients, nausea was present in 83.7 % of
patients, vomiting in 2.6 %, flatulence in 10.8 %, stomach
upset (constipation, diarrhea) in 77.9 %, manifestations of
intoxication were observed in 98.5 % of cases.

A comprehensive examination of gastric and duodenal
ulcer patients in chronic HP infection revealed concomitant
pathology. 23 patients had chronic pancreatitis, 29 had
chronic acalculous cholecystitis, post-cholecystectomy
syndrome was present in 2 persons, arterial hypertension
had 14 patients, ischemic heart disease — 6, chronic kidney
disease — 9 patients.

Based on the data obtained, we considered it necessary
to draw attention to the state of the hepatobiliary system
in chronic HP infection. In connection with the above,
functional and biochemical studies of the state of the
hepatobiliary system were conducted.

The results of the mucous membrane of various
topographic zones of the stomach with active and inactive
forms of HP infection with microscopy of stained smears —
prints in patients with chronic HP infection and the degree
their contamination are presented in Fig. 1.
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= 54%

B 50% = 50%

Antrum of the stomach, Antrum of the stomach,
middle third, great middle third, small
curvaure curvaure

B 56%

= 52%

Body of the stomach, Body of the stomach,
middle third, great middle third, small
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Fig. 1. Frequency of detection and degree of contamination of the gastric mucosa with active and inactive forms
of HP infection by topographic zones in patients with chronic Helicobacter pylori (n = 54)

In total, 58 % of cases of intracellular “depot” of HP
infection were detected in the gastric mucosa.

When compare the average degree of gastric mucosa
contamination with active and inactive forms of HP
infection by topographic zones, a significantly (p < 0.05)
higher degree of contamination was detected in the body
of the stomach along the greater curvature in relation to
the topographic zones of the antrum, while there were no
significant differences between the zones of the antrum or
between the zones of the stomach body (p > 0.05).

Analysis of the results obtained showed that in chronic
HP infection patients, precancerous changes in the gastric
mucosa (atrophy, dysplasia, colonic metaplasia) in the
antrum took place in 55.8 % of cases; in the middle — upper
third of the stomach body along the greater curvature they
were met in 30.7 % of cases and along the lesser curvature
in 27.8 % of cases.

Ultrasound examination showed minor signs of the
hepatobiliary system damage in chronic HP patients at the
stage before the prescrition of anti-helicobacter therapy,
mainly these were diffuse changes in the liver parenchyma —
35.4 % and fatty infiltration of the liver — 37.9 %.

At the initial stage of examination (before treatment),
biochemical blood test was performed on 54 chronic HP
patients (21 men, 34 women) and on 20 control group
patients.

Patients who were referred for biochemical blood
tests had not taken drugs included in the anti-HP therapy
(AHPT) regimen, which is the standard of care for chronic
non-atrophic gastritis, gastric and duodenal ulcer associated
with HP, for the past 6 months (Table 1).

An increase in alanine transaminase, aspartate
transaminase, alkaline phosphatase by 1.5-2 times was
noted in patients after the specified treatment (Table 2).

Table 1

Biochemical test results in patients with chronic non-atrophic gastritis, gastric ulcer and duodenal ulcer
in chronic Helicobacter pylori infection before the prescription of anti-Helicobacter therapy

Indicators Control (n=20) Before prescriptg)llzl 504f)anti—HP therapy

Total bilirubin, pmol/l 14,05+2,35 16,61+3,58*
Direct bilirubin, umol/l 4,04+0,79 3,16+1,67
Inderect bilirubin, umol/l 10,82+2,41 11,31 £3,51
ALT, U/l 21,49+1,87 17,51+£2,63 *
AST, U/l 19,51+3,19 22,84+2,34%
Alkaline phosphatase, U/l 167,68+11,39 188,53+12,89
Thymol test, U 1,66+0,77 1,67+0,81
Urea, mmol/l 5,41+0,41 5,46+0,63
Glucose, mmol/l 5,21+0,83 5,26+1,81
Total protein, g/ 74,62+1,71 77,13£5,25
Cholesterol, mmol/l 4,87+0,92 5,18+1,87

Note: n — number of studies;

*statistically significant changes vs the control group, p < 0.05
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Table 2

Biochemical state of the liver in patients of the study group with chronic Helicobacter pylori infection during

anti-Helicobacter therapy on the 7th and 15th day (M = m)

Indicators Control (n=20) D“”“7g ;:;;‘gﬁstz‘f”py’ Afte{ Sag;‘;?glf;j;apy’

Total bilirubin, pmol/l 14,054+2,35 30,31+3,52* 34,2142,64*
Direct bilirubin, umol/l 4,04+0,79 9,11+1,06* 9,52+0,46*
Indirect bilirubin, pmol/l 10,82+2,41 23,34+1,07 * 25,1942,13*
ALT, units/l 21,49+1,87 106,09+4,93* 186,21+5,44*
AST, units/1 19,5143,19 64,04+3,26* 72,07+4,76*
Alkaline phosphatase, units/I 167,68+11,39 289,19+16,54* 317,81+15,14%
Thymol test, units 1,66+0,77 3,16+1,93 3,21+0,73
Urea, mmol/l 5,41+£0,41 5,33+1,07 5,43+1,24
Glucose, mmol/l 5,21+0,83 5,26+0,71 5,24+0,59
Total protein, g/l 74,62+1,71 78,31+3,56 78,43+5,28
Cholesterol, mmol/l 4,87+0,92 5,41 £1,19 5,59+1,46

Note: n — number of studies;
*statistically significant changes vs the control group, p < 0.05

This indicates a violation of the functional state
of the hepatobiliary system mainly by the mechanism
of cytolysis — the activity of transaminases increased,
especially alanine transaminase, by 5 times.

It is known that the imbalance of intestinal microflora
most often develops when macrolides (clarithromycin,
azithromycin) and tetracycline are prescribed. They have
the most detrimental effect on the intestinal flora, including
E. coli. This can lead to a disruption of the bacterial balance
and dysbacteriosis symptoms development

Indeed, the results obtained showed that during and
especially after anti-helicobacter therapy, 42 % of patients
complained of flatulence and bloating, 46.8 % — of pain
along the intestinal loops, 42 % had complaints of rumbling
in the stomach after eating, constipation had 34.7 % of
patients, diarrhea 13.9 %. This indicated a disruption of the
intestinal microbiocenosis balance. Also, according to the
results of US-examination in 21 days after the start of anti-

helicobacter therapy, hepatic parenchyma diffuse changes
were observed in 72.3 % of patients and fatty infiltration of
the liver in 64.9 %.

Additional confirmation of cholestasis presence was an
increase of gamma-glutamyltransferase level by 10 times
during anti-helicobacter therapy on the 7th day and its increase
by 20 times on the 15th day from the start of eradication
therapy in patients with chronic non-atrophic gastritis, gastric
and duodenal ulcer in chronic helicobacteriosis (Fig. 2).

Thus, the main idea of the obtained data analysis is that
the anti-helicobacter therapy use in patients with chronic
non-atrophic gastritis, gastric and duodenal ulcer in
chronic helicobacteriosis was accompanied by even more
expressed symptoms of hepatobiliary system damage. This
may be a consequence of both the direct hepatotropic effect
of drugs included in the anti-helicobacter therapy regimen
and the development of intestinal microflora disorders,
which was detected in the patients under observation.

u/L

46
27 33 30

Emen = women

612

432
393

291

Fig. 2. Dynamics of gamma-glutamyltransferase in patients of the groups under observation,
on the 7™ and 15" day from the start of AGBT

*statistically significant changes relative to the control group, p < 0.05
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To discuss the data obtained we would like to accent
attention on the following three items. Firstly, we outline
the liver involvement into the pathophysiological cascade
of chain reactions in patients with stomach and duodenum
ulceration is due to its critical functional role in organisms’
both metabolism and detoxification [10]. Moreover, its
extremely close anatomical location with the stomach
and intestines predisposes it to shared pathophysiological
mechanisms of responses to alternating inflammatory
stimuli. Situations of concomitant liver parenchymal
damage resulting from the inappropriate or erroneous
prescription or administration of pharmacological agents
with hepatotoxic effects are extremely dangerous [17].

The second, one could register the enteral dysbacteriosis
in the selected patients development with progressive hepatic
parenchyma failure. HP is well known to be the initial link
of a long pathogenetic chain that leads to the development
of the gastrointestinal tract dysbacteriosis [5, 15].

Long-term persistence of HP infection in the
gastrointestinal tract accompanied by the development of
chronic helicobacteriosis, massive eradicative antibiotic
therapy causes possible secondary immunodeficiency due
to the suppression of primarily bifidoflora with subsequent
colonization of the mucous membrane by opportunistic
and pathogenic microflora. This leads to a decrease of
the microorganism resistance to infection due to the
suppression of immune reactivity. Under the influence
of HP, local immunodeficiency of the gastrointestinal
tract mucous membrane may develop. This can close the
pathogenic vicious circle of the inflammatory process on
the mucous membrane of the digestive organs.

It is known that the microbiocenosis through various
mechanisms participates in almost all human’s body
processes. This applies to both the metabolism of food
components and the maintenance of the activity of the
central nervous system. Further study of the gastrointestinal
tract microflora allows us to discover new mechanisms of
its influence on the body functions.

Thirdly, the severity of the clinical condition of our
patients and the general pathological dysregulation with
the disruption or absence of compensatory mechanisms
contributed to the development of cholelithiasis that was
as indicated by a 3-fold increase in the amount of direct
bilirubin with a simultaneous increase in the activity of
alkaline phosphatase, indirect bilirubin and thymol test.
Cholestasis and cytolysis phenomena led to a decrease in
the functional capabilities of the liver.

The detected phenomena of cytolysis indicate the
hepatotoxic effect of drugs included in the treatment
regimen for chronic helicobacteriosis. Thus, we noted an
increase in the level of transaminases, with a predominant
increase in alanine aminotransferase by 5 times on the 7th
day and 9 times on the 15th day of anti-helicobacter therapy
compared to the control group indicators. We believe that
cytolysis is the cause of the decrease in the functional

activity of hepatocytes, as indicated by an increase in the
content of indirect bilirubin and the thymol test indicator
twice during anti-helicobacter therapy. Hepatocyte
damage probably leads to impaired bile passage due to
increased pressure in the bile ducts, the criteria for which
are increased direct bilirubin and alkaline phosphatase
activity.

The changes in the functional and biochemical state of
the liver are most likely associated with the hepatotropic
effect of drugs used in anti-helicobacter therapy, which can
be combined with the etiotropic effect of HP, after effective
therapy on day 15, judging by clinical data and complete
eradication — HP was not detected in patients by any of the
methods.

At the same time, data indicating that the phenomena
of cytolysis and cholestasis remain almost the same were
obtained. An increase in gamma — glutamyltransferase
indicators is an additional confirmation of the development
of cholestasis

Resuming, we summarize the need for diagnostic
measures strengthening in patients with gastrointestinal
tract prolonged ulcerative lesions with the obvious
abdominal ultrasound investigation focusing on the
hepatobiliary system. Such a methodological approach will
optimize the management of this patients’ contingent and
refine the comprehensive, pathogenetically based treatment
schemes for concomitant liver dysfunction associated with
gastrointestinal tract ulcerative lesions.

Conclusions

Our ultra-sound-examinations  detected  hepatic
parenchyma changes in patients with chronic non-atrophic
gastritis, gastric ulcer and duodenal ulcer with chronic
helicobacteriosis. This coincides with the literature data.

Hepatic laboratory tests in patients with chronic
non-atrophic gastritis, gastric and duodenal ulcer with
chronic helicobacteriosis reveal signs of cytolysis, namely
a significant increase in alanine and aspartate transaminase,
indirect bilirubin and a positive thymol test.

At the same time, increases in the indicators of
gamma-glutamyl transferase and bilirubin, both direct and
indirect, indicates the presence of cholestasis. During anti-
helicobacterial therapy these indicators are increasing even
more.

Based on the results of our research, it is recommended
to include in the complex treatment of patients with
chronic non-atrophic gastritis, gastric and duodenal ulcer
in chronic Helicobacter pylori ultrasound examination of
the hepatobiliary system, as diffuse changes in liver tissue
and its fatty infiltration were detected.

Thus, based on changes in laboratory and biochemical
indicators that characterize the hepatic condition and are
combined with the structural features of the organ, having
been revealed by ultrasound, we can confirm the presence
of pathological changes developing in the liver.
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V crarTi HaBeEHO ONHMC KIIHIYHOTO BHIAAKY KpiorioOyliHeMiyHOro mioMmepynoHe(hpHTy, acouiiioBaHoro 3 Bipycom rematuty C
(BI'C). Hiarno3 mintBepmikeno BuseieHHsM PHK BI'C metomom momimepasHoi manmioroBoi peakiii (ITJIP) Ta pe3ynapratamu matomop-
¢osnoriunoro gociimkenHs dionrariB HUpoK. Ilicist mpoBeaeHHs erioTponHoi Tepamii npsamoi npotusipycuoi aii (TTII) cmocTepiramucs
KJTIHIYHE MOKPAIICHHS, HOpMaJi3allis J1a0opaTopHUX MOKA3HUKIB 1 MiIBUIIECHHS AKOCTI XKUTTA. [IpefcTapieHuil KIIHIYHAH BUTATOK TTiJI-
KPECIIOE BAKIUBICTh PAHHBOI iarHOCTUKH Ta TOYATKy €TIOTPOMHOI Tepamii y manienTiB 3 BI'C-acormiiioBaHuM Kpioro0yaiHEMiqYHIM
[IOMEPYIOHEPPUTOM.

Kimrouogi cioBa: BI'C, kxpiornoOynineMiuHui moMepyaoHehpuT
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In two-thirds of patients with chronic hepatitis C virus (HCV) infection, extrahepatic manifestations are observed, often serving as the first
and only clinical signs of the disease.

The purpose of this study is to analyze the features of early diagnosis and treatment following a specific case of cryoglobulinemic
glomerulonephritis associated with Hepatitis C virus (HCV).

Materials and methods. A clinical case of cryoglobulinemic glomerulonephritis associated with HCV in a 36-year-old male patient is
presented.

The results. The diagnosis of HCV-associated cryoglobulinemic glomerulonephritis was confirmed by the detection of HCV RNA
via polymerase chain reaction (PCR), a positive cryoglobulin test, rheumatoid factor (RF) and findings from a pathological examination of
kidney biopsy specimens. The patient received etiotropic therapy with direct-acting antiviral agents (DAAs) for 12 weeks. Upon completion
of treatment, the patient experienced clinical improvement and normalization of laboratory blood and urine parameters. However, after three
years of follow-up, the patient exhibited signs of progressive renal dysfunction, characterized by increased creatinine levels and decreased
glomerular filtration rate (GFR).

Conclusions. This clinical case underscores the importance of early diagnosis and initiation of etiotropic therapy in patients with
HCV-associated cryoglobulinemic glomerulonephritis. It also highlights the potential role of antiviral treatment in preventing the progression
of renal insufficiency. Long-term monitoring is essential, and additional therapeutic interventions may be required to prevent the development
of chronic complications.

Keywords: HCV, Cryoglobulinemic Glomerulonephritis, direct-acting antiviral agents.
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Beryn

3a manuMu BeecBiTHROI OpraHizallii OXOpOHH 310pOB s
y cBiti Ha xpoHiuHNH renarut C (XI'C) xBopie GIU3BKO
58 MIJIBHOHIB JIIONEH, TIPH LOMY IIOPIYHO PEECTPYETHCS
61m3bko 1,5 MisnbplioHa HOBMX BUMaiakiB iHpikyBaHHs [1].
PiBens ceponozutrBHoCTi 10 BI'C € 1m1e BUIINMM — OJIH3bKO
100 minbiioHiB oci0 y cBiTi (1,6 % [95 % A1 1,3-2,1 %] Bin
3araJibHOi YMCEIbHOCTI HaceeHHs) [2].

[IpakTryno nBi TpetnHu nauieHTtiB 3 BI'C-indekuiero
MAaIOTh IO3AIe9iHKOBI TPosiBH [3], sIKi HEPIAKO € MEePIIOI0
1 €MUHOIO KITIHIYHOIO O3HAKOK 3aXBOoproBaHHs. KiriHiduHa
KapTHHA IMX MPOsBIB MOXKE BapifoBaTH BiJl 0€3CHMITOM-
HOTO TIepediry IO PO3BHUTKY CEPHO3HMX IMYHOJOTidHHX
MOPYIICHb 1, K HACHiJOK, BIUIMBATH HA SAKICTh XHUTTS
1 piBeHb CMEpPTHOCTI cepel JaHOi Kareropii Malli€HTiB,
CTBOPIOIOUH TIPH 1IbOMY 3Ha4YHE HABAHTAXKECHHS Ha CUCTEMH
OXOPOHH 37I0POB’Sl B yChOMY CBITI [4].

BBakaeThcsi, 110 TPOBIAHE MICIEC B PO3BHUTKY XBO-
pobu Hupok (XH) y manienTis i3 XI'C-indexkuieto mocigae
MeMOpaHO3HO-TIposTihepaTUBHUN TIIOMEPYIOHEPPUT, SIKUi
y HepeBaXkHii OUTBIIOCTI BUIIAIKIB ITOB’SI3aHMH 13 KpioIyIo-
OyxineMiero [5].

TepameBTHUHUIA WiAXiA MO JIKyBaHHSA TAILIEHTIB 3
BI'C-acomiifoBaHIM  KpiOTIOOYTIHEMIYHAM  TJIIOMEPYIIO-
He(puTOM Tiependadae MeKiTbKa BapiaHTIB, SK-OT TIFOKO-
KOPTHKOCTEpOiaHn, mia3mMadepes, MOHOKIIOHAIbHI aHTUTINIA
(puTykcmmal), ane TMPHU3HAYCHHS €TIOTPONHOI Teparmii €
MepIIOYEeProBUM BUOOPOM Y JIIKYBaHHI 11i€i Kareropii XBo-
pux [6]. JlireparypHi aaHi cBig4ath, 1o JikyBaHHs BI'C-
acorifioBanoi kpionmoOyminemii IIITJ] 3 gocArHEHHSIM
cTilikoi BipycosoriuHoi Bignosiai (CBB) npusBoguts 10
MMOBHOTO KJIIHIYHOTO onykaHHsS y 63,7-90,2 % mnaifieHTiB
[7]. Hapasi 3anumaerscst 6arato MporajivH y pO3yMiHHI
raTroreHesy, MiJIX0/iB 110 JiKyBaHHs, epcoHidikamii Tepa-
11, o norpedye MoJaIbIIOro BUBYCHHS HOTO MUTAHHS.

Meta po6OTH — TOCIIIUTH OCOOIUBOCTI NiarHOCTHKH
Ta JiKyBaHHS To3amnediHkoBuX mposBiB X['C Ha KITiHIY-
HOMYy Tpukiani Tsvkkoro mepebiry BI'C-acomifioBanoro
KpioTI00yIiHEMIYHOTO TTIOMEPYIOHEPPHUTY.

Marepiajiu Ta METOAU AOCTiZKEHHS

Marepianom OyB kniHiuHMi Bumagok BI'C-acouwiiio-
BAaHOTO  KpiODIOOYJNiHEMIYHOIO  TJIOMEpYJIOHE(PPUTY
y 36-piuHOro nari€eHra.

JlochikeHHsT MPOBEACHO BiANOBITHO 10 MPUHIIHITIB
0i10eTHKH, BUKIIAIeHUX y [ enbciHChKil gekmapartii « ETimani
MPUHIUIHA MEIWYHUX JOCITIHKEHb 3a yYacTio JIIoNIei» Ta
«3aranpHil Aeknaparii mpo 0i0eTHKY Ta TpaBa JIFOAWHU
(FOHECKO)» (mporoxon Ne 3 Bix 03.04.2023).

Pe3yabTaTi A0CTiIKeHHS Ta iX 00roBOpeHHs

[Mamient K., 1983 poky HapomkeHHs, rocmiTanizoBa-
HUH 10 HeposoriuHoro BiaaiieHHs BiHHUIBKOT 001acHOT
KiIiHIYHOT JikapHi iM. M. 1. [Tuporosa 16.01.2019 3 nome-
penHiM giarHozoM «HedpoTuyHnii cHMHAPOM HeEyTOuHe-
HOTO TeHE3Y».

Ckapru: 3arajibHa cia0KiCTh, HAaOpSKW WX O4YMMa,
HAOpSKM HIDKHIX KIHIIIBOK, MiIBUIICHHS apTepiabHOTO
THUCKY, 3MCHIIICHHS KITBKOCTI cedi.

Anamue3 xpopoou: y rpynHi 2019 poky nepeOyBaB Ha
nikyBaHHiI B JIOP-BignineHHi 3 IpuBOy mepenoMy KiCTOK
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Hocy. Ilin 4ac BuKOHaHHs J1a0OPATOPHOTO JIOCIIIKEHHS
cedi BUABJICHO 3MiHM. [ TOAaibIIOro OOCTEKCHHS Ta
JIIKYBaHHS HAIIPABJICHUIN HAa KOHCYJIBTAIlI0 0 Hedpoora.

AHaMHe3 JKUTTSI: CYIlyTHBOI MaToJorii He Mae. Alep-
roJIOriYHMi aHamHe3 He o0TshKeHwil. IIIKimIuMBI 3BUYKH
3arepeuye.

Emninemionoriuanii anamMHe3: orepaTHBHI BTPYYaHHS,
MepeTMBaHHs KPOBi Ta 1 KOMIIOHEHTIB, B)KUBAHHS HapKo-
THYHUAX TIperapariB 3amepedye. llepioguyHO TPOXOIUB
JKyBaHHS Yy CTOMATOJIOTa.

Jani gizukaJbHOro 06CTesKeHHS: TTiT 9ac OISy CTaH
XBOPOTO OIIHIOETHCS K CEPEIHBOI TSHKKOCTI. TeMreparypa
36,7 °C. llIkipHi TOKPUBY Ta BUIMMI CIU30BI OJiJ0-poXKe-
BOTO KOJIbOpy. BucumiB, remopariii nemae. llluroBumHa
3a;103a He 30iMbIIeHa, M’ SKO-€1aCTUYHOI KOHCHUCTEHIIII,
KJIIHIYHUX O3HAK MMOPYIIEHHS QyHKLIT IUTOBUAHOT 3aJI03H
Hemae. Tonu ceprst umcri, ocinabneni. AT — 160/100 mm
pT. CT., myAbe 72 ya/xB. 3 OOKy OpraHiB JAWXaHHS, IUTyH-
KOBO-KHIIIKOBOTO TPAaKTY, OITOPHO-PYXOBOTO arapary, Hep-
BOBOI CHCTEMH KIIIHIYHO-3HAUNMHUX MATOJIOTIYHUX 3MiH HE
BUSBJICHO. HUPKM HE ManbIyroThes, AiNsHKa Oe300IicHa.
CrioctepiraroThCst HAOPSKN HIKHIX KiHIIBOK.

[Mamienty Oyno mpoBeneHO MEPBHHHI JabopaTopHi
o0CTeXeHHsI, 3a pe3yJbraraMH SKHX y 3arajibHOMy aHa-
73l KpoBi Manu Micue He3HauHa aHemis (112 r/m), min-
BUILEHUH piBeHb ce4oBHHHU (18,2 MMOJIB/), KpeaTuHiHY
(272 mxmons/n), 3amxenns LLIK® (26 mi/xB), rinonpore-
fnemis (55 r/m). IeuinkoBi npobu (6inipy6in, AJIT, ACT,
I'TT, nmyxHa docdaraza), piBeHb Kajlifo, HATPil0, TIIIOKO3H,
OinKoBi (pakilii, MOKa3HUKM 3TOPTaHHS KPOBI, JIIITHOTO
00MiHy — 0e3 0coONMMBOCTEH. y 3arajJbHOMY aHami3i cedi
npoteinypis (16,5 r/m), nedixonutypis (6-10 B 1/3), epu-
TPOLUTYPis (epUTpOIHMTH He 3MiHeHi — 60 y mom 30py,
epurporutu 3MiHeHi — 10—-15 y moui 30py), nwiiHAPYpis
(triamiroBi 0—1-2 — y momi 30py, 3epaucti 0—1-2 — y momi
30py). JloboBa mpoTeiHypist: KiNbKicTh ceui Ha q00y —
1200 mu1, 6110k Ha 700y — 11 880 Mr. 1151 BUKITFOUEHHS 200
MATBEPIKEHHS €TIOIOTIYHUX YUHHUKIB ypaKeHHS! HUPOK
MpoBeneHo cepooriuni obcTexkenns: HBsAg, AB-HIV —
He BusBieHo, AB-HCV — BusiBnieno. 18.01.2021 BukoHaHo
nmonarkoBi meromu miarHoctuku — Ig G HCV Cor, NS3,
NS4, NS5 — Bussneno, [IJIP — RNA HCV - BusBieHo,
redorut 3a, PO — ++++ (> 100 MO/mu).

[Tig gac mpoBeneHHs IHCTPYMEHTAIHHUX METOZIB Jia-
THOCTHKH BHSBJICHO TaKi 3MiHH:

®DibporacTpoayoneHOCKOIi, BUCHOBOK: peQIIoKC-
e3odarit. Epuremaro3na ractponayoneHnonarisi. BucHoBok
V3]1: ex003HaKH aCIIUTY, ABOOIYHOTO TiIPOTOPAKCY, TOMIp-
HUX AUQY3HUX 3MIH Y HapEHXHUMI HEUiHKH, ITiJIUTyHKOBOT
3aJ103M, YPAKCHHS MapeHXIMH 000X HHUPOK (30LIBIICHHS
TOBUIMHY Ta napeHximu Hupok). EKI': BusBieno nomipHi
3MiHH B Miokapai. Y3/] cepus: momipHa KOHICHTPHUYHA
rineprpodist nioro nurynouka (IJII). Metonom Hemnps-
MOi eJTacTOMeTpii BU3HaUCHA eaCTUYHICTh TICUIHKH, ME/Ti-
aHHE 3HAYEHHs KO CTaHOBHUTH 5,6 kIla, 1m0 BiAmoOBigae
cranii ¢pidpo3y FO-F1 (3a mkanoro METAVIR).

[MamieHT OYB OIIAHYTHI OKYIICTOM — MATOJOTI9HUX
3MiH HE BHUABIJICHO.

Ha ocHoBi BHmIe3a3HaueHWX MAaHUX OyJI0 BCTaHOB-
nero miaruo3: XXH IY (IIK® 26 ma/xB), riomepyiio-
HepuT, HePPOTUUHUIT CHHIPOM, BTOPUHHA apTepiaibHa
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rineprensis. CH 1. Anemis nerkoro crynens. HCV-
iHdekuis. XpoHiuHud BipycHui remarut C, MiHiMallbHa
aKTHBHICTH 3amaynbHOro mporecy, FO-F1 (3a mikanoro
METAVIR). IIpu3HaueHo JiKyBaHHS: CBIXKO3aMOpOXeHa
TU1a3Ma, TIMOTCH3WBHA Ta CEYOTiHHA Tepartis.

Otxe, y manienTa 3 XI'C TSKKICTh 3arajbHOTO CTaHy
00yMOBJIeHa TPOsIBAMH HUPKOBOi HEJOCTaTHOCTI HAa T
TeTaTUTy 3 MiHIMAIEHIM OUTOJNITHIHAM CHHAPOMOM, MiHi-
MabHIM (hiOpPO30M, IO KOPEITIOE 3 pe3yabTaTaMH 0araTbox
KITHIYHAX JOCIHIIKeHb, SKi BKa3yIOTh Ha Te€, II0 HHUPKOBI
YCKIIAMHEHHS MOXYTh TPOSBIATHCS y mamieHTiB 3 XI'C
HABITB 3a BIJICYTHOCTI SIBHUX O3HAK YPa)KCHHS IMEYiHKH [8].

3 oy Ha Pi3HI MEXaHI3MH ypayKeHHs] HUPOK Y Talli-
entiB 3 BI'C-indekuieto i mpoBeneHHs TudepeHinnoi
JIarHOCTHKU OyJI0 pPEKOMEH/IOBaHO IOCIHIIPKEHHS CHpPO-
BaTKM KpOBi Ha KpiomIoOyliHM Ta NpoBeAeHHs Oiorcii
HUPOK JUIsl BU3HAYEHHSI MOP(OJIOTIYHOTO BapiaHTy IJIOMe-
PYJISIPHOTO ypasKeHHSI.

HocnimkeHas CHPOBAaTKM  HA  KpiomIOOymiHA
(10.02.2019). HasBHicTh KpiomTOOYIiHIB MiATBEPIUIACT
LUIIXOM HPOBEICHHS TECTy 3 JOTPHMaHHAM HEOoOXiIHMX
yMOB 3a60py KpoBi. HasBHiCTB KpionpenumiTary OyIo mia-
TBEPPKECHO Bi3yaJbHHM CIIOCTEPEKCHHIM:

Biomncito HUPKM 3 TICTOJOTIYHHM JOCHIHKEHHIM
TKaHWHK OyJao mnpoBeaeHo B IHctutyTi Hedposorii
HAMHY12.02.2019. Mopdororiune aocmipkeHHst 6io-
nTary nepeadadyano mpsMe iIMyHO(ITIOOPECIICHTHE J0CITi-
JUKEHHS 3 aHThTiiamMu, MideHumMu @PITL[ g0 Bakkux
JIAHIIOTIB IMyHOIIOOYIIHIB 0, Y |, JETKHUX JAHIIOTIB IMy-
HOTIIOOYMIHIB K i A, KoMImoHeHTIB kKommueMenty Clq i C3c
ta (ibpunoreny. Kirybouku: yci 3 qudy3HuM T1o0aTbHIM
BUPa3HUM MEPUKAIISIPHAM TPaHyIsIpHUM CBiTiHHAM [gG,
IgM i Jmerkux JaHIIOTIB IMyHODIOOYTiHIB K 1 A. ¥ TIpo-
CBITI KamiJIsIpiB HEYACTO TiaNiHOBI ACTIO3UTH. y KaHAJBIIIX
Ta THTEPCTHUIll — HeYacTo Kparut peadcopOIii B emiTemii
[POKCHMAJbHUX 3BUBUCTHX KaHAJIBIIB, PO3IIMPEHHS Ta
KJIiTHHHA iHOineTpanis iHTeperuiioo (puc. 1 A, B, C). 3a
JAHUMH JITEpaTypH, pe3ylabTaTd iMyHOQIIOOPHCICHTHOT
MIKpOCKOIIii, a came BUpa3He NepuKanisipHe cBiTiHHs [gG,
IgM, C3c i nerkux Kamrma- i JIiMOJa-JTaHIIOTIB, € XapaKTep-
HUM JUTSI KPIOTIOOYIiHEMIYHOTO mIoMepyitoHepputy [9].

3a pesynpraraMy IPOBEIEHHS CBITJIOBOI MiKPOCKOII:
KIyOouku 1 — 3 KIiTHHHUM, | — 3 (iOpO3HO-KIIITHHHUMHA
MiBMICSISIMH, 1HTEpCTUIIHHUN (iOpo3, TiamiHOBI mero-
sutu (puc. 1 D), moTtoBmeHHS TIToMepyssipHOi 0a3ambHOI
memOpaan (I'BM), 3BykeHHA Ta oOmiTeparis HpOCBITY
kamiisipiB (puc. 1 E), riaminoBuii TpomO, rinmepuemomnsp-
HicTh iHTepeTHio (puc. 1 F). Ilix yac mpoBeaeHHs CBIT-
J10BOi MiKpOCKoIii KOpKoBOI pedyoBuHM HUpKH (puc. 1 H)
BUSBJICHO 301MBIICHHS KIyOOuKiB, moTOBIICHHS [BM,
SHJIOKANUJISIPHY TiNepUeNoNsIpHIcCTh. B okpeMux mnemsix
IHTpaKaniIsIpHi AEMO3UTH. 3a pe3yJbTaTaMy JIOCIiKEHHS
KaHaJIbIliB Ta IHTEPCTUIIIO — HAOPSK, BUpa3Ha MYJIBTU(O-
KaJIbHa MOHOHYKJIeapHa iH(IIBTpaList iHTepCTHLIIO.

3a JaHUMHM JiTepaTypH, OCOOIMBICTIO TIIOMEpYIIOHE(-
PHUTY, acoImiiioBaHOTO 3 KpiomIoOymiHEMi€r0, 3a pe3yibTa-
TaMU MIPOBEACHHS CBITIIOBOI MiKPOCKOIIii € eHIOKAITIIIIpHA
TiIepIeNoISPHICT 31 3BYKEHHSAM Ta OOJITepaIi€ro mpo-
CBITY KamJIApiB IiJ 9ac AOCITIHKEHHS KIyOOUKiB, IOTOB-
mienHs 'bM, a Tako)k HasABHICTh IHTPAKAMUIIPHUX JACTIO3H-
TiB. BUsIBJICHHS B IPOCBITI KalJSIPiB T1a1iHOBOTO TPOMOY

TaKOXK BKa3ye Ha KPiorIo0yJIiHEMIYHUIT BapiaHT ypasKeHHS
HUpOK [9]. OTxke, 3a pe3ynbraraMy NaroMopQoIoriyHOro
OIUCY MiATBEP/XKEHO J1iarHo3 KpiorIo0yJIiHEMIYHOTO IJI0-
MepyJIOHEDPUTY.

3 MeTor0 mpoBefeHHs qudepeHIiaabHol 1iarHOCTHKH
3 ayTOIMyHHHMH 3aXBOPIOBAaHHSIMH MalieHTy OyJIH IIpOBe-
JleH1 TabopaTopHi AOCTIHKEHHS Ha aHTHHYKJICApHI aHTH-
Tima (ANA) Ta aHTHMiTOXOHJpianbHI aHTHTIIA (AMA-
M2). Pesymprar — aHTHTINA HE BUSABIEHI. [ OLIHKK
(YHKIIOHAJTBPHOTO CTaHy Ta MOXJIMBOTO KpioTiIoOyITi-
HEMIYHOTO ypa)keHHsSI LIUTONOAIOHOI 3a703U BHU3HAYAIN
piserb ropmoniB T3, T4, TTT, anTuTiia 10 THPEOIECPOK-
cunaszu (ATIIO): naboparopHUX BiAXHICHb BiJl HOPMHU HE
BUSIBIICHO.

10.03.2019 Ha OCHOBI KIIIHIYHHMX JaHUX 1 pe3yNIbTaTiB
OTPUMAaHUX JOCITIJDKEHb OyJI0O BCTAaHOBJIEHO OCTaTOYHUM
niarHo3: XXH IV (IHK® 26 mn/xB), KpiomioOymiHeMiYHAH
mioMepyIoHepuT, HePpPOTHYHHN CHHIPOM, BTOPHHHA
apTepiaibHa rinepreHsis. AHeMis jerkoro crymnens. BI'C-
in¢exkmis. XpoHiuyHuiA BipycHUHA rematut C, MiHIMalbHA
aKTUBHICTH 3amampHOro mporecy, FO-F1 (3a mkamoro
METAVIR). PexomMeHIOBaHO TPOBEACHHS ETiOTPOMHOI
tepanii BI'C TII1J]. Ognak mikyBaHHS HE OyJI0 pPO3MOYaTO
4yepe3 Hu3bKI mokasHuku IIIK® (26 mi/xB) 1 BiACYTHICTH
JOCTYIy TAaIli€eHTa A0 MpenapariB. 3 ONIAAY Ha Iie PEeKo-
MEHJJOBaHO TPOAOBKYBaTH TiIOTEH3MBHY Ta CEUOTIHHY
tepamito. [IpoTsSroM HACTYNMHHMX THXKHIB CTaH Nalli€HTa
MIPOTPECUBHO TOTIPILIYBaBCsS — HApOCTaNW HaOpSKW KiH-
LIBOK, aHacapka. 3a pe3y/bTaTaMy J1a00paTopHOTO J0Ci-
JOKEHHSI KpPOBI BiIMIYEHO 3HIDKCHHS PIBHS IeMODIOOIHY
(87 r/m), HapocTaHHA KpeaTuHiHY KpoBi (379,5 MKMOIE/T),
samkeHHs [IIK® (18 mi/xB). [Tokasauku muromizy (AJIT,
ACT) 36epiramnmcs B MeXax HOpMH. 3a pe3yJasTaTaMy Ipo-
BEJCHHS PEHTTCHOJIOTIYHOTO OOCTE)XEHHSI OpTaHiB TpyaA-
HOT MOPOKHUHHM B TIPSIMIH MPOEKIIiT BiaAMidamucs 3acTiitHi
SIBHIIIA B MaJOMy KOJi KPOBOOOIr'Y 3 HAsSBHICTIO PIIMHU
B JiBOMY cHHYCI (0 piBHSA 5-ro peOpa) Ta 30LIBIICHHS
KUJIBKOCTI piIMHM B MpaBoMy cuHyci. XBopuil mnpopo-
BXYyBaB INPHUHAMAaHHs TiNOTEH3WBHHX 1 CEYOTIHHHX Ipe-
naparis, iH}y3ii ansOyminy ta ruasmu. 03.04.2019, Bpa-
XOBYIOUM HAasBHICTH NIpemnapary B pamkax HarionambHOT
MIPOTpaMH IIOAO JIKyBaHHS BIpPyCHHUX TelaTUTIB Ta cTadi-
mizanito gyskmioHansHOr0 ctaHy HEpOK (ILIK® 30inpmmm-
macst 10 36 Mm/xB), mpu3HadeHO codocOysip 400 mr Ha
o0y miofeHHO Ta makiaracBip 60 mr omuH pa3 Ha 100y
moneHHo. 16.04.2019 mix gac mociiKeHHS KPOBI METO-
oM IIJIP PHK Bipycy remaruty C He Br3Hauanu. OnHaK,
HE3BaXKal0YM Ha MPOBEICHHS €TIOTPOIHOI Teparii Ta ei-
MiHaILiI0 BipyCy, CTaH XBOpPOTO MHOTipIIyBaBCs, CHOCTEpi-
rajocsi MiJBHUIIECHHS piBHs KpeaTHHiHy (266,4 MKMOJIbB/J)
i3HmKkeHHs LIK® (27 MmM/xB), HapocTaiu HAOPSIKU HUKHIX
KIHIIIBOK, aCIIMT, TAPOTOPAKC, TiApONepruKap. 3a pe3yib-
taramu nposeneHHs peHrenorpagii OI'K (17.04.2019) —
HEeraTMBHAa JWHAMiKa, TIOCHJCHHS 3acTIMHUX SIBHIN
y MajoMy Koli KpOBOOOIry, 30UTbIIECHHS JiBOOIYHOTO
TiIpOTOpaKCy, 3HWKEHHS NHeBMaTH3amii 3 000X OOKiB
Y BepXHIx JiereHeBuX noiax. Cepiie po3ImupeHe B momnepe-
gHUKY. Y 3]l cepist: rigpornepukapa MOMipHAN — 10 3aAHIN
ctiami sgiBoro nuryHouka (3CJIL) 8 mm, mo 3amHii CTiHI
aiBoro nepencepas (3CJIII) 6 mm>. Bomguowac crocrepi-
rajacsi O3WTHBHA JlabopaTropHa JWHAaMIiKa 32 KUIBKICTIO
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Puc. 1. ImynodmoopecuenTna mikpockonis (A, B, C): kpiomarpukc: OCT-cepenosuine; cepiiiHi kpiocrarni
3pi3u 3aBToBIIKH 3—4 MKM. CBiT/I0Ba Mikpockomisi (D, E, F, G): kopkoBa i mo3koBa (1 : 1) pedoBnHAa HUPKH
(cepiiini MmikpoToMHi mapaginosi 3pi3u 3a6apBiaeHi remaTokcuJIiHOM i eo3uHOM (3 MKM), TpUXpoMoM (3 MKM),
Mud¢-iioaH0I0 KNCI0TOI0, KOHI'0 YePBOHUM OCHOBHUM, MiKpocipiycoM Ta iMnperHoBaHi MeTeHaMiHOBUM
cpiosiom 3a [ixoncom. CritiioBa Mmikpockonisi HaniBToHKUX 3pi3iB (H): kopkoBa peyoBMHA HUPKHU (YJIBTPATOMHI
3pi3u 3aBToBIIKHU 0,7-1,5 MKM, 3a0apBJleHi METUJIEHOBUM CUHIM)
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EPUTPOIIHUTIB 2,1-3,46 x 10%/n, neiixouuTis
16,9-11,65 x 10°/n ta pisHeM remorno6iny — 60—100 r/m.
Cnocrepiranacst TeHICHISI 0 HOpMai3alii pe3yibrariB
JOCII/DKEHHSI Cedi: y 3arajJlkHOMy aHali3i — 3HMKEHHS
piBHS mpoteinypii 3 6,6 no 3,3 r/m Ta epurpouuTypii 3
80-100 mo 40—60 y momi 30py; 10OOBa MPOTEiHYPis 3MEH-
mmacst 3 8415 mo 3630 mr/mo0y. [okasauku AJIT, ACT,
Oinipy0iHy, HaTPifO, KATi0, XJIOPY, IITFOKO3U KPOBi HE Malll
BiIXHJICHD BiJl HOPMH, 32 BUHATKOM HE3HAYHOI TiMlOIIPOTe-
fremii. 02.05.2019, BpaxoBytour BHpaXCHUH HAOPIKOBHIA
CHHIIPOM, TIPOBENH 9 ceaHCiB TeMofializy 3 i30JIbOBAHOIO
yasrpadiasrpamiero. 21.05.2019 y marieHTa BHHHKIO
rocTpe MOpYyIIeHHS MO3koBOoro kpopoobiry (I'TIMK) 3a
reMOopariyHuM THIIOM y JIOOHHX JIOJIAX 1 0a3anbHUX sApax
i3 MPOPUBOM KpOBI B IILTYHOUYKOBY cuctemy. [IpuitmanHs
MIPOTUBIPYCHUX IpenapariB OyJ0 THMYAcoBO IPH3YIHU-
HeHo. [Ticns crabimizamii ctany 3 04.06.2019 mo 07.07.2019
MAI[IEHT TPOJOBXKUB ETIOTPOIHY Teparmito codocOyBipoM
1 TaKimaTacBipoM, MpUMaHHS TITOTEH3UBHUX, CEUOTIHHUX
MperapaTiB Ta aHTUKOAryiasHTiB. KiiHiuHO Bigmidamocs
MOKpAIleHHs CTaHy, 3MEHILICHHs 3aIMIIKH, TCHICHIIs 10
3MeHIIeHHs HaOpsKkiB. Ha MOMEHT 3aKkiHUeHHS JIiKyBaHHS
MaIlieHT IMo4YyBaB cebe 3al0BUIbHO, HAOPSKIB HE OyIo.
HanpukiHii JikyBaHHS piBeHb KpeartuHiny, IIIK®, mokas-
HHKH 3arajbHOTO aHali3y KpOBi Ta ceui He MaJll CyTTEBUX
BIZIXWJICHb BiJl HOpMHU (30epiranacsi He3HaAYHa MPOTETHY-
pist), IIJIP xpoBi HCV RNA (10.07.2019) — HeraruBHHH.
Otrxe, OTpUMaHi pPe3yJabTaTH IMiJTBEPIUKYIOTh IYMKY
0araTtbOX JOCIHIIHUKIB, IO IEPIIOYEPrOBUM BHOOPOM
y nikyBaHHI nanienTis 3 BI'C-acornifioBannM kpiorno0yine-
MIYHIM YpaXKeHHSIM HUPOK € eTioTporHa tepartis [6; 10; 11].
3 2020 mo 2022 pik namieHT mepeOyBaB ITiJ TUHAMIY-
HUM CIIOCTEPEXEHHSIM CIMEHHOTO JIiKaps, ModyBaB cebe
no0pe, MPOIOBKYBaB MPUHMaHHS TITOTEH3WBHUX IIpera-
paTiB Ta aHTHArperaHTiB. 3a pe3yIbTaTaMu aHaizy Jabo-

pPaTOPHHUX TOCIIIKCHb KPOBI CIIOCTEpiraigacs TEHICHIIISA
JIO TIiBUINCHHS DiBHA KpeaTwHiHy Ta 3HmkeHHs LIKO,
3arajibHOTO aHali3y cedl — He3HaYHa MPOTEiHyPis.

11.10.2023 xBopuil 3BepHYBCS Ha KOHCYJBTAIIiO
no Hedposora B obnacHy nikapHio iM. M. L. Tluporosa.
Ckapru Ha IiJBHIICHHS apTepiaJbHOTO TUCKY. 33 pe3yilb-
TaTaMH J1TA0OPaTOPHOTO MOCIIIKEHHS KpPOBI CHocTepira-
Jocs TiIBUIICHHS PiBHS KpeaTuHiHy a0 137,1 MKMOib/1
ta 3HIwKeHHT LIIK® no 59 mur/xB. 3a pesynsraTamu 3arajb-
HOTO aHalizy ceui — He3HauHa mpoteinypis. [IJIP kposi
HCV RNA (16.10) — veraruBumii. P® — ++++ (> 100 MO/
). 16.10.2023 Oym0 BHKOHAHO TPaH3IEHTHY €IacTOME-
Tpito mevinku Ha amapati FibroScan, Bu3HaYeHO cTajito
¢$i6pozy FO-1 3a METAVIR, cepenne MenianHe 3Ha4eHHS
nrineHOCTI 4,5 KI1. [IpoBeneHo MoCiKeHHS KPOBI Ha Kpi-
OrI00YIIiHY: KPIONPELUIIITaT He Bi3yali3y€eThCs.

Ha puc. 2 Ta B Tabn. 1 HaBeneHo nqunamiky HIK®, piBus
KpeaTHHiHy, TeMOTII00iHy, piBHIB IPOTEiHYpii Ta MiKkpore-
Marypii 110-, 4epe3 2 THXKHI IICHs MMOYaTKy, Iicis 3aKiH-
4eHHA Ta 4epe3 1, 2 Ta 3 poKH Imicis 3aBepIIeHHS Tepartii
I,

[Mamienta moiHdopMOBaHO PO HEOOXITHICTH MOIAIB-
IIOTO CMOCTEPEKECHHSI CIMEHHHMM JlikapeMm 1 Hedposorom
TSI MOHITOPHHTY PIBHS KpeaTuHiHy 3 po3paxyHkoM [ITKD,
piBust P®, kommonenTta komriementy C3 Ta mporeiHypii.
Takox marieHTa 03HaHOMJICHO 3 MOMKJIMBUMU TEPCHEKTH-
BaMH IHIIMX BH[IB JIKyBaHHs, 30KpeMa i3 3aCTOCYBaHHIM
IJIIOKOKOPTUKOCTEPOIiB Ta MOHOKIIOHAIBHUX aHTHTLI
(putykcnumaoy).

OTxe, y TpeAcTaBICHOMY KIIHIYHOMY BHIIIKY IpO-
JIEMOHCTpOBaHO, mo y mamieHta 3 BI'C-acomiiioBanuM
KpiOTIOOYTIHEMIYHUM TJIOMEpYIOHe(PPUTOM 3adiKCOBaHO
3HauHe KIiHIYHE Ta JabopaTopHE ITOKPAMmIeHHS IiCIs
npoBeneHHs eriorponHoi Ttepamii IIIIJ] 3 oTpumanHIM
CBB. Ognak mpoTArOM HAaCTYHHHX TPBOX POKIB Oyio

300

250
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o noyatey
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na MICAA NOYaTHY
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o H e THHIH
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Puc. 2. lunamika piBHsI KpeaTuHiHy KpoBi (MKMO.1b/11), LIIK® (Ma1/xB), remornobiny (r/.a)
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Tabmuug 1

JAunamika noka3HMKiB 1000BoI NPoTeiHypii, 3arajibHOro aHaJji3y cedi 10-, Yepe3 2 THAKHI Mic/as MOYATKY Ta
-yepe3 1, 2 Ta 3 poxu micjst 3aBepmenHst Tepamnii [T

Yepes 2 THKHI ITicas ‘:Iep €3 1 Hep €3 2 ‘Iepe:f 3
o mouarky p pik micas POKM micasi | poKH micJst
n . MicJIf MOYATKY | 3aKiHYeHHS . . .
OKA3HHKH npuiiManms | o Lo e — 3aKiHYeHHs | 3aKiHYeHHN | 3aKiHYeHHS
I p T T npuiiMaHHs | OIpuiiMaHHA | NPpUIMAHHSA
T, I, T,
Jlo6oBa npoteinypist 8415 3630 * * * 1386
Binok y 3aransHOMY aHami3i 6,6 3,3 0,066 0,099 0,33 0,99
ceui (/1)
EputpounTty He 3MiHEH] 80-100 40-60 0 0 0-1 0]
Eputpouuty 3MiHeHi 0 2-5 4-5 2-3 0 0
Iuninapy rianiHosi 0-1-2 1-3 0 0 0 0
Huninapu 3epHUCTI 1-2-4 2-4 0 0 0 0

[MpumiTtka: * — He BU3HaYaacs.

BiJI3HAUEHO TIOCTYIIOBE MiIBHUIICHHS PIBHSA KPEaTHHIHY Ta
3HKeHHs LIIK®, 1o Bka3ye Ha MOXKJIMBE IPOrpECyBaHHS
XXH. IlonibHa nuHamika mepediry 3axXBOPIOBAHHS CITO-
crepiraetbes y 4—18 % mariieHTiB i3 KpiomioOymiHeMid-
HUM BackyiitoM [7; 12]. Ha gymMKy nociigHUKIB, 11e MOXe
OyTH TIOB’3aHO 31 30epeKCHHSM IHMPKYJIIOIOYHX KIIOHIB
B-nimdoruris, mposidepariist AKUX CTa€ HE3AICKHOIO BiJl
HasiBHOCTI Bipycy remaruty C. Visentini i criBaBT. cHo-
cTepirajy NEepCUCTyBaHHS B-KIITMHHUX KJIOHIB Yy marfi-
entiB 3 BI'C-acouiiioBaHoro kpiormoOyiiHeMielo HpoTs-
roM 12 wmicsmiB micist epanukanii Bipycy [13]. Kpim toro,
ICHYIOTH JocnimkeHHs moao toro, mo PHK BI'C moxe
HEe BUSBISTHCS B CHPOBATIi KpOBIi, aje BOXHOYAc OyTH
MPUCYTHIM y TemaToNHUTaX i MOHOHYKJICAPHUX KIITHHAX
nepuepuIHOi KpOBi (IprxoBaHa a00 TaTeHTHA THPEKITis).
Hespaxaroun Ha Bucoky edexruBHicTh [111/] B epaankartii
BI'C 3 nepudepryHoi KpoBi, IUTAaHHS 11 BIUIMBY Ha pe3ep-
ByapH BIpyCy B remnaroluTax Ta MOHOHYKJICApPHUX KIiTH-
Hax nepuepuuHOi KpoBi 3aiumaeTbes Biakputum [11].
HasBHa y nauienra aprepiajibHa rilnepTeHsis Takok MOXKe
cnpusatd nporpecyBanHio XXH. Tomy icHye mnorpeba
B IPOCIEKTHBHUX MYJIBTHIEHTPOBHUX JOCITI/DKEHHAX IS
MIOBHIIIOTO PO3YyMiHHA MEXaHI3MiB HEpPCHUCTEHIII Bipycy
renaruty C y KIITHHHUX pe3epByapax, BUBUYCHHS IMyHHOT
BIJIMIOBi/Ii B KOHTPOJI MEPCUCTEHIIIi UM eNiMiHAIil Bipycy,
BIUIMBY Pi3HUX (aKTOPiB PH3UKY Ha Iepedir 3axBOpro-
BaHHS.

[Ipencrapnennii KIiHIYHUK BHUMAIOK 13 MAli€HTOM
3 BI'C-acomiifoBannM, KpionIoOyIiHEMIYHUM IJIOMEPY-
JIOHE(HPUTOM TIAKPECIIIOE HEOOXIMHICTh MPU3HAYCHHS
etiorponHoi Tepamnii BI'C 3 mopganbIiiM TpUBalMM CIIO-
CTEPEKEHHSM, HaBiTh IICIISl JIOCATHEHHS KIIHIYHOI, Bipy-

cornoriunoi Ta maboparopHoi pewmicii. [ms 3amoOiraHHs
nporpecyBaHas XXH HeoOXimHUI KOMITIEKCHUN MimXis,
SKHUA Tependadae: PETyISIPHANA MOHITOPHHT HHPKOBOI
(dyskuii (Bu3HaueHHA piBHA kpeatuHiny, LIIK®, nporeiny-
pii), KOHTPOMIb apTEePiaIbLHOTO THCKY, MPHIMAHHS TiOTEH-
3UBHUX NpenapariB, KOPEKLi0 (HakTopiB pU3UKY (IUCTiMi-
JieMii, IfyKpoBoro niadery).

BucHoBku

Buxonsun 3 aHanisy BHIIEBUKIAICHUX PpE3YJIbTaTiB
JTOCITIPKCHHS, aBTOPH CTATTi AIMIIUIA TAKIX BUCHOBKIB:

1. TlamieHTH, MO0 MarOTh KIiHIYHI YH JTaOOPaTOpPHI
O3HaKN ypa)kKeHHS! HUPOK, MaIOTh OyTH 00CTE)KeH]I Ha HasB-
HICTh MapKepiB BipyCHUX T€NaTUTIB.

2. IMamienram i3 XI'C matots OyTH BHKOHaHI abopa-
TOpHI 00cTeXeHHS cedi (BU3HAYCHHS MPOTEiHypii, MIKpo-
reMarypii, IIITiHAPYPii B 3araTbHOMY aHaJIi3i cedi Ta B pasi
BUSIBJICHHS KJIIHIYHO-3HAYYIIMX BiJXWJIEHb — J000Ba Mpo-
TeTHypis) Ta GiOXIMIYHI AOCHIIKEHHS KPOBI 3 BU3HA4YCH-
HSM piBHs KpearuHiny, [IIK®.

3. Tamienram i3 XI'C Ta Kpior1o0ymiHEMiYHUM TIIOMe-
PYJIOHE(QPHUTOM PO3MISHYTH HMHUTAHHS NP0 MEPIIOYEProBe
NpU3Ha4YeHHs eTiOTPOIHOI Tepartii i3 3acrocyBanusM [TI1/].

4. Tlamientam i3 BI'C-acormiiioBanuM (y T. 4. Kpioryo-
OyJTiHEMIYHHM) YpaKeHHAM HHPOK HEOOXiTHEe TpuBaie
KIIIHIYHE CIIOCTepEeKeHHs 3 KOHTpoieM piBHiB PD, C3 Ta
C4 KOMIIOHEHTIB KOMIUIEMEHTY, Kpioro0yiiiHeMii Ta BUMi-
PIOBaHHAIM apTepiabHOTO TUCKY HABITh MICIS JOCATHEHHS
CTIMKOI KJIIHIYHOI, 1a00paTopHOI Ta BipyCOJIIOTIUHOI peMmicii.
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Introduction. High drug costs are one of the main barriers to achieving adherence, which jeopardizes the effectiveness of pharmacotherapy
for chronic diseases. The general conclusion of a number of studies indicates a shortage of methods for increasing adherence. In order to reduce
the financial burden on patients and increase the availability of medicines in Ukraine, the National Prescription Drug Cost Reimbursement
Affordable Medicines Program (AMP) was launched. In 2018, the AMP received positive feedback on various criteria, but its impact on
patient adherence hasn’t been studied.

The aim of the study was to examine the impact of participation of patients with cardiovascular diseases (CVD) in the AMP on their
adherence and to develop proposals for increasing adherence.

Results. Against the background of the overall low adherence of patients with CVD, the adherence of patients participating in the AMP
was higher. The study found a weak, significant positive correlation (r = 0.194; p < 0.05) between patients’ participation in the AMP and their
level of adherence. Study results don’t allow us to establish a clear dependence on the type of CVD and the adherence level of patients.

Conclusion. The results of the study demonstrated a significant positive effect of CVD patients’ participation in the AMP on their adherence.
The AMP may be an important tool for increasing adherence by expanding the range of drugs for the treatment of CVD through fixed combinations
in a “single” pill that will meet all current guidelines for the provision of medical care for CVD, especially arterial hypertension.

Keywords: adherence, Affordable Medicines program, cardiovascular diseases, reimbursement.
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BILJIUB YYACTI MAI{IEHTIB I3 CEPLIEBO-CYAUHHUMM 3AXBOPIOBAHHSIMU B YPSIJIOBIM ITPOT' PAMI
«TOCTYITHI JIIKH» HA IX KOMILJIA€HC
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Bucoki BuTpaTH Ha JIIKK € OHUM 3 0ap’€piB VIS DOCSTHEHHS KOMIUIAEHCY, IO CTaBUTh MiJ 3arpo3y e(eKTHBHICTb (apMakoTeparrii
XPOHIYHKX 3aXBOPIOBaHb. 3 METOIO 3MEHIICHHS (D iHAHCOBOTO HABaHTA)KCHHS Ha MAILliEHTIB Ta 30LIBLICHHS JOCTYITHOCTI JIiKiB B YKpaiHi Oyna
3amoyaTkoBaHa ypsiaosa nporpama «locTymHi gikmy. JlocnipKkeHHs BIUTMBY y4acTi Hali€HTIB i3 ceplieBO-CyANHHIMH 3axBoproBanHsmu (CC3)
B nporpami «JlocTymHi JTiku» Ha X KOMIUTA€HC JaCTh MOMKJIMBICTh PO3POOHMTH MIISAXH ITiABUIIEHHS KoMIutaeHcy. Ha T1i 3araabHOro HU3BKOTO
KoMITaeHey narienTiB i3 CC3 KOMIUTa€HC MaIie€HTIB, K Opanu ydacTs y mporpami «locTymHi mikim», OyB BiporiIHO BHIINM. BcTaHoBIEHO
MO3UTUBHHUI BIPOTiIHUIT 3B’ 130K MiX y4acTio B mporpami Ta KomiuiaeHcoM nauieHtiB. Bux CC3 y mauieHTiB He BIUIMBAB Ha iX KOMIUIAEHC.
Iporpama «/locTymHi JTKM» MOXKE CTaTH IHCTPYMEHTOM ITiJBULIIEHHS KOMIUTAEHCY TAIli€HTIB MiCJIsT BKIIFOYEHHS 10 Hel (ikcoBaHMX KOMOiHamil
B «OJHIiT» TaONETI Ta ONTHMI3allii BIICOTKY IOIUIATH 32 JIKH.

KirouoBi ciioBa: koMmiuiaeHe, ypsiioBa nporpama «J{ocTymHi Jikiy», CepLeBo-CyMHHI 3aXBOPIOBAaHHS, peiMOypcalis.
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Introduction

High drug costs are one of the main barriers to achieving
adherence to long-term treatment in patients with chronic
diseases, particularly cardiovascular diseases (CVD). In
turn, low patient adherence jeopardizes the effectiveness of
pharmacotherapy for chronic diseases and adversely affects
the financial sustainability of healthcare systems.

Almost all countries have systems for reimbursing the
cost of drugs to the population, the main task of which is to
minimize the costs of citizens and the state budget for the
purchase of medicines [1]. In 2017, the Ministry of Health
of Ukraine launched the National Prescription Drug Cost
Reimbursement Affordable Medicines Program (AMP).
The main goal of the AMP is to reduce the financial burden
on patients and increase the availability of medicines [2].
Patients with CVD (including coronary artery disease
(CAD), arterial hypertension (AH), atherosclerosis),
chronic lower respiratory tract diseases, endocrine diseases
(including diabetes mellitus), neurological diseases, and
patients requiring palliative care can participate in the
program [2].

Adherence is defined as patients’ tendency to adhere to
clinical recommendations and treatment and it can be driven
by many elements, including a patient’s socioeconomic
status, chronic conditions, patient-provider discordance,
and healthcare access [3]. In recent years, various authors
have been actively studying methods that increase patient
adherence [4-6]. The general conclusion of all studies
indicates a shortage of methods for increasing adherence
and the need to develop a set of criteria for evaluating such
methods.

The study of the adherence of patients with different
chronic diseases has long attracted the attention of
researchers. Alqarni A. M., Alrahbeni T., QarniA. A. etal.[7]
in their study showed that the level of adherence was
suboptimal even when free medicines were available with
a high level of health care access through government
programmes. S. Panahi’s research with colleagues suggested
that a lower level of general adherence exists among elderly
patients of the free clinic [8]. Among the factors influencing
adherence in patients with AH, financial constraints were
identified with 74.4 % of patients considering medications
too expensive) [9]. Similar data were obtained in the study
by Asgedom S. W. at al. [10]: adherence of patients with
hypertension who received medication free of charge was
97.8 %, while adherence of those who paid for medication
themselves was almost half as high —43.9 %.

Some researchers have studied the impact of
reimbursement methods on patient adherence. One such
study [11] found low patient adherence across pharmaco-
logical classes, but no significant effect of reimbursement
type (immediate or deferred) on adherence was found.
One more study [12] showed that medication adherence
improved with a reduction in the patient’s share of the
cost of medication, but found that patients who received
their medication completely free of charge also had poorer
adherence.

In 2018, the results of the study “AMP: Results and
Recommendations for Progress in Achieving Universal
Health Coverage” were published [13]. The AMP was
evaluated based on the following criteria: effectiveness
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(organizational aspects), access for patients, quality
from the perspective of stakeholders, acceptance (by
stakeholders, patients). The AMP received positive ratings
for all indicators. The program received positive ratings on
all indicators. However, no information was found in the
available literature on the study of the impact of the AMP
specifically on patient adherence. In our opinion, studying
the relationship between patient participation in the AMP
and the level of their adherence is relevant and will allow
us to propose new approaches to increasing the adherence
of patients with chronic diseases.

Our study was aimed to examine the impact of CVD
patients’ participation in National Prescription Drug Cost
Reimbursement AMP on their adherence and to develop
proposals for modernizing the Program to increase
adherence among CVD patients.

Materials and Methods

The study was conducted in a pharmacy that has an
agreement with the National Health Service of Ukraine
to participate in the AMP during 6 months in 2024.
124 patients with CVD participated in the study. The
criteria for including patients in the study were consent
to participate in the study; age at least 18 years; diagnosis
of AH or CAD; receiving antihypertensive and/or anti-
ischemic pharmacotherapy. The exclusion criteria were:
inability to communicate due to physical or mental
problems; pregnant women.

Depending on whether CVD patients participated in the
AMP, they were divided into two groups. Group I consisted
of patients participating in the AMP. Group II included
patients not taking advantage of this program. Adherence
was assessed using the Morisky—Green scale: a version
consisting of 4 questions was used (MMAS-4) [14].

Statistical data processing was performed using
programs MS Excel for Windows XP, SPSS 10.0.5 and
STATISTICA 5.0. Clinical, nonparametric descriptive
and mathematical statistics were used to analyze the
data. Descriptive statistics, such as means, were used to
assess personal characteristics and adherence variables.
Statistical characteristics of variables were presented using
percentages, mean values (M), and their standard errors
(m). To estimate the frequency of occurrence of the factor,
the “Fisher’s angular transformation” was used. The results
of all statistical procedures were considered significant at
p <0.05. Correlation analysis was performed to confirm the
proposed hypothesis. All methods applied during the study
complied with requirements of the Declaration of Helsinki
of the World Medical Association.

Research results and their discussion

The study included 124 patients with CVD aged 30
to 90 years, the mean age was 70.75 + 10.3. The gender
distribution of the study participants was as follows:
44 males (35.49 %) and 80 females (64.51 %). 32.26 %
of patients had higher education, 39.52 % had secondary
specialized education, and 28.21 % had secondary
education.

Among the surveyed patients, 50 % had AH, 8.06 %
had CAD, and 41.94 % had comorbid pathology —
a combination of AH and CAD (Fig. 1).
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Fig. 1. Distribution of patients by type of CVD

All patients underwent blood pressure (BP)
measurement. The target BP level of < 130/80 mm Hg
was achieved in 33.33 % of all hypertensive patients
(in 24 patients with AH and 14 patients with combination
of AH and CAD).

All surveyed patients with various CVDs assessed
their well-being using the criteria “good”, “satisfactory”,
“partially satisfactory” and ‘“unsatisfactory”. The wvast
majority of patients reported frequent and unsatisfactory
well-being (Fig. 2).

Depending on their participation in the AMP, all
patients were divided into two groups. Group I consisted
of 74.2 % (92) patients participating in the AMP. Among
them were 46 patients with AH, 10 (all) patients with CAD,
and 36 patients with comorbid pathology — AH and CAD.
The duration of participation in the AMP was up to 1 year
in 15.21 % patients, from 1 to 2 years in 34.79 % patients,
and more than 2 years in 50 % patients. Group II included
25.8 % (32) patients who did not participate in the AMP.
This Group consisted of 15 patients with AH, 17 patients
with comorbid pathology — AH and CAD.
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According to the results of the survey using the
MMAS-4 scale, we determined that the adherence of all
patients with CVD was 48.39 %. This result is significantly
lower than the generally accepted indicator described in the
literature, 80 % [15]. Only one patient, which was about
1 %, was completely non-adherent.

According to the adherence level all patients were
divided into 3 Subgroups. The Subgroup with a high
adherence level (MMAS-4 = 4) consisted of 23.39 %
patients, whose mean age was 71.53 + 13.75. The Subgroup
with moderate adherence level (MMAS-4 = 2-3) consisted
of 25 % patients, whose mean age was 60.08 + 11.57.
The Subgroup with a low adherence level (MMAS-4 = 1)
consisted of 50.81 % patients, whose mean age was
73.85 £ 13.18. The gender distribution of patients in all
subgroups is shown in the diagram (Fig. 3).

When conducting correlation analysis, the following
results were obtained:

— Weak negative significant correlation (r = —0.172;
p < 0.05) between patients’ age and adherence level;

— Weak positive significant correlation (r = 0.28;
p < 0.05) between the level of education and the adherence
level,

— Weak positive significant correlation (r = 0.243;
p < 0.05) between the duration of the disease and the
adherence level,

— Weak positive significant correlation (r = 0.117;
p < 0.05) between the well-being of patients and their
adherence;

— Weak negative significant correlation (r = —0.136;
p < 0.05) between the level of BP and the adherence level
of hypertensive patients.

Further analysis of adherence of patients with CVD
depending on their participation in the AMP showed
that adherence of patients in Group I was approximately
56 %, and patients in Group II — approximately 37 %.
Among patients in Group II, one patient was completely
non-adherent. The study also found a weak, significant

100,00%
!
80,00% _[
7|0.96%_,
60,00% _|.-
!
40,00% _l,
20,00% L~
| -
0,00% +_ _§..
AH

m “Unsatisfactory”

m “Partially

satisfactory”
| “Satisfactory”

“Good”

Fig. 2. Assessment of well-being in patients with various types of CVD
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Fig. 3. Gender distribution of patients with different levels of adherence
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positive correlation (r = 0.194; p < 0.05) between patients
participation in the AMP and their level of adherence.
Thus, adherence of patients participating in the AMP was
significantly (p < 0.05) higher than that of patients not
participating in the AMP.

Among patients participating in the AMP, the numbers
of patients with high and low adherence were significantly
higher (p < 0.01) than in patients not participating in the
AMP (Table 1).

Analysis of the adherence level of patients with different
CVDs depending on participation in the AMP showed that
in patients with AH, the moderate and low adherence levels
significantly predominated among Group I patients. In
patients Group I with comorbid pathology — AH and CAD
the high and low adherence level significantly predominated
(Table 2).

Table 1
Analysis of patient adherence levels depending on
participation in the AMP

Adherence level Group I/ Group II
Py P
High 2.543 0.0001*
Moderate 1.378 0.0841
Low 3.979 0.0001*

* p < 0,01 — significant difference in data in comparison
groups.

Table 2
Analysis of the adherence level of patients with various
CVDs depending on participation in the AMP

Adherence level Group I/ Group 11
AH AH+CAD
D, p - p
High 0.568 | 0.2849 | 3.734 | 0.0001*
Moderate 2.185 | 0.0144* | 0.568 | 0.2849
Low 1.941 | 0.0262* | 2.191 | 0.0142*

* p < 0.05 — significant difference in data in comparison
groups.

Conclusions

The results of the study demonstrated an overall low
level of adherence in patients with CVD. Assessment
of the gender and age distribution of adherence showed
a predominance of high adherence levels in female and
younger individuals. The decrease in adherence with
increasing age of patients may be associated with cognitive
impairments that can develop in elderly and senile patients.
The established relationship between adherence and patient
education indicates a more conscious attitude towards
their health status and understanding of the need for CVD
treatment in patients with higher education. A marked
increase in patientadherence with increasing disease duration
may characterize patients’ understanding that CVDs, in
particular with comorbid pathology — AH and CAD, have
a chronic course and only constant long-term administration
of recommended medications can ensure control of the
course of the disease and improve the well-being of patients.
This assumption is supported by the relationship between
patients’ well-being and their adherence. The study results
also demonstrated a relationship between lower BP levels
and higher patient adherence, confirming the important role
of patients’ adherence to all recommendations for achieving
target BP levels.

Against the background of a rather low adherence
of all patients with CVD, the adherence of patients who
participated in the AMP was higher compared to both all
study participants and the group of patients who didn’t
participate in the AMP. The established positive significant
relationship between participation inthe AMPand adherence
of patients with CVD and the significantly higher number
of patients with a high adherence level indicates a positive
impact of the AMP on patient’s adherence. It should
be noted that the results of the study could have been
influenced by the conditions in which it was conducted: the
survey was conducted in a pharmacy, where patients came
to purchase the necessary medications, which, in general,
indicates their high awareness level regarding the need for
treatment of CVD.

Among patients with comorbid pathology — AH and
CAD who participated in the AMP, the number of patients
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with a high adherence level was significantly higher than in
hypertensive patients alone. At the same time, the number
of patients with a low adherence level didn’t depend on
the type of CVD and was significantly higher in patients
who participated in the AMP. Such results don’t allow us
to establish a clear dependence on the type of CVD and the
adherence level of patients.

The significantly higher numbers of both high and
low adherence levels among patients with CVD who
participated in the AMP indicate the need to expand the
program’s impact on adherence among all patients with
CVD. The AMP can be an important tool for improving
adherence by expanding the range of drugs for the treatment
of CVD through fixed-dose combinations in a single-dose
forms that will meet all modern guidelines for providing
medical care for CVD, especially AH. Optimizing the list
of drugs for which the patients make a surcharge and the

SAPMAKOJIOI'IA I <$APMAIIIA

percentage of co-payment can also contribute to improving
adherence.

An expanded Register of Medicinal Products Subject
to Reimbursement under the State Health Care Guarantee
Program came into effect on January 1, 2025. The updated
Register includes, in particular, fixed-dose combination
products for the pharmacotherapy of CVD. Given that the
present study was conducted in 2024, it would be promising
to conduct further research aimed at assessing the changes in
patient adherence as a result of the modernization of the AMP.
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ANTIBIOTIC RESISTANCE: MOLECULAR MECHANISMS OF FORMATION
AND MODERN MANAGEMENT STRATEGIES
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ANTIBIOTIC RESISTANCE:
STRATEGIES

MOLECULAR MECHANISMS OF FORMATION

AND MODERN MANAGEMENT

Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

Background. Antibiotic resistance (ABR) is the greatest threat to human survival, leading to a loss of control over resistant bacterial
strains. The aim of this work was to demonstrate the pathogenetic basis of ABR and potential solutions to this problem.

Methods. To achieve this goal, an analysis of current scientific publications regarding the mechanisms of ABR and innovative approaches

to overcoming it was conducted.

Results. The main mechanisms of ABR include reduced membrane permeability, efflux pumps, modification of antibiotic targets,
enzymatic inactivation, horizontal gene transfer, and the involvement of the host’s immune system.
Conclusion. Controlling ABR requires the rational use of antibiotics, optimization of traditional antibiotic therapy, modulation of the

immune response, microbiome modulation, and phage therapy.

Key words: antibiotic resistance, infection, immune protection, phagocytes, rational antibiotic therapy.
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M. P. Xapa, O. M. Oaemyxk, C. M. Mapuuius, I'. O. Be3koposaiina, O. O. Ickpa
AHTUBIOTHKOPE3UCTEHTHICTb: MOJIEKYJIAPHI MEXAHI3MH ®OPMYBAHHA TA CYYACHI

CTPATEITi MEHEI)KMEHTY

TepHomiNbChKUIT HalliOHANBHIN MeU4HAH yHIBepcuTeT iMeHi 1. 5. [opbaueBcbkoro MiHicTepcTBa 0XOpOHH 310poB’° s Ykpainu, TepHo-

minb, Ykpaina

AKTyanbHicTh. AHTHOIOTHKOpE3UCTeHTHICTh (ABP) — HaliOinblia 3arpo3a BUXKMBAHHIO JIFOAMHY, IO BEAE IO BTPATH KOHTPOJIO HAZ

PE3UCTEHTHUMH IITaMaMu OaKTepiit.

Mertoro pobotr Oyino MPOAEMOHCTPYBAaTH maroreHeTHdHe miarpyHTst ABP Ta MoxknuBocTi BupimenHs wiei npodiemu. s peanizarii
MeTH OyJi0 TPOBEICHO aHaNi3 CyYacHUX HAYKOBUX MyOIiKaIlii momo MexaHi3miB ABP Ta iHHOBaIiHHUX MiAX0/iB 0 ii MOIONaHHS.

Pesynbratu. OcHoBHI MexaHi3Mu ABP nepen6auarots 3HIKEHY TPOHUKHICTD IUTOJIEMH, €(IIOKCHI TIOMITH, MOAU]IKAIIFO MilIEHEeH ISt
anTubiotukiB (AB), hbepMeHTAaTHBHY iHAKTUBALIIIO, TOPH30HTATIBHUI NEPEHOC TeHIB, Y4acTh IMyHHOT CHCTEMH MaKpPOOPraHi3My.
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Introduction

Antibiotic resistance is a global public health issue,
attracting increasing attention due to its real threat to the
human population. Although resistance to antibiotics
(ABs) is an inevitable consequence of bacterial evolution
and natural selection, the misuse and overuse of ABs in
modern medicine and dentistry significantly contribute to
the worsening crisis. ABR reduces the ability of medicine
to control socially dangerous infections (tuberculosis,
syphilis, gonorrhea), and worsens treatment outcomes
in patients undergoing chemotherapy, cesarean sections,
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hip prosthetics, organ transplants, and other complex
medical interventions. The problem is exacerbated by
uncontrolled antibiotic use in agriculture and the food
industry. According to WHO, ABR is a global issue driven
by lack of access to clean water, inadequate hygiene and
prevention, lack of quality and affordable vaccines, and
absence or disregard of legal regulations [1]. For Ukraine,
this problem has become particularly acute since July 2022
due to a large number of patients with complex war injuries
requiring antibiotic therapy.

Aim of the Study. The aim of the study was to present
currently known molecular mechanisms of bacterial adap-
tation to antibiotics, to elucidate the role of the host organism
in the pathogenesis of antibiotic resistance development, and
to analyze scientific data on potential strategies for effective
targeting of pathogens and enhancing the efficacy of antibiotic
therapy using the existing arsenal of drugs.
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Materials and Methods
Research results and their discussion

To achieve this aim, a review and integrative analysis of
scientific publications available in bibliometric databases
was conducted. The selected sources reflect the underlying
causes and mechanisms of antibiotic resistance, as well as
approaches to addressing this global challenge.

Epidemiology of ABR and Issues Across Medical Fields.
The discovery of antibiotics marked a crucial milestone
in medicine, saving and continuing to save millions of
lives annually. However, their effectiveness is threatened
by the ability of bacteria to adapt to hostile environments
and diminish or neutralize treatment. ABR arises from
numerous mechanisms that enable certain bacteria to
survive after the application of specific antibiotics, and the
resulting resistance can be passed on to other bacteria as
they reproduce [2; 3].

Accordingto the European Centre for Disease Prevention
and Control (ECDC), more than 35,000 people die each
year in Europe due to ABR [2]. The overall epidemiological
situation in the EU remains concerning. Although the
prevalence of methicillin-resistant Staphylococcus aureus
(MRSA) is gradually decreasing, the prevalence of
carbapenem-resistant strains of Klebsiella pneumoniae has
increased by more than 50 % since 2019 [4].

According to WHO, in 2019, ABR caused more than
1.27 million deaths globally [1], and by 2050, this number
may exceed 39 million (Lancet prognosis). The economic
consequences of such trends include an annual loss of
$3.4 trillion and more than 24 million people falling into
extreme poverty [5; 6].

The consequences of ABR are already evident in many
areas of medicine. Excessive or unjustified use of antibiotics
for viral infections contributes to the growth of ABR. This
is especially relevant in pediatrics, where about 30 % of
antibiotics are prescribed without proper indications or
while ignoring local sensitivity data [7].

Chronic respiratory diseases (such as cystic fibrosis and
COPD) require prolonged antibacterial treatment, which
promotes the development of complex forms of ABR.
Traditional susceptibility testing does not always reflect the
actual conditions in the lungs, so comprehensive resistome
analysis is key to developing personalized therapeutic
strategies [8]. Obstetrics and surgery are also affected by the
consequences of ABR, as antibiotics are frequently used not
only for treatment but also for the prevention of infections
[9]. In dermatoveneorology, antibiotics are widely applied
to treat socially significant sexually transmitted infections
(syphilis, gonorrhea) [10], as well as severe forms of
acne, rosacea, and other skin infections [11]. Tuberculosis
occupies a distinct place in this issue, being a historical
example of both natural and acquired ABR. Treatment of
drug-sensitive forms requires the administration of multiple
medications over a period of 6-9 months, which is often
interrupted by patients, thus promoting the emergence of
drug-resistant forms [12; 13]. Drug-resistant tuberculosis
(resistant to at least one of the first-line drugs) is transmitted
just as easily as drug-sensitive forms, but its diagnosis and
treatment are significantly more challenging. The rapid rise
in the number of multidrug-resistant forms threatens the
global capacity to control this disease [14; 15].
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Microorganisms of Concern in Antibiotic Resistance.
A significant step in addressing ABR was the establishment
by the World Health Organization (WHO) in 2017 of a
priority list of the most dangerous antibiotic-resistant
microorganisms. This list is divided into three priority
tiers: critical, high, and medium. The critical priority
group includes bacteria posing the highest threat, such
as Acinetobacter baumannii (carbapenem-resistant),
Pseudomonas aeruginosa (carbapenem-resistant), and
members of the Enterobacteriaceae family, particularly
those producing extended-spectrum f-lactamases (ESBL)
or exhibiting carbapenem resistance. These microorganisms
are the leading cause of healthcare-associated infections,
especially in patients with catheters or on mechanical
ventilation. The high-priority group includes pathogens
that are already widespread in the population and are
progressively developing resistance to standard treatment
regimens: Enterococcus faecium (vancomycin-resistant),
Staphylococcus aureus (including MRSA and VRSA),
Helicobacter pylori, Campylobacter, Salmonella, and
Neisseria gonorrhoeae. The medium-priority group
comprises pathogens that are already showing alarming
resistance trends, including Streptococcus pneumoniae,
Haemophilus influenzae, and Shigella spp. [16-18].

ESKAPE Pathogens. Particular attention is currently
drawn to a group of pathogens known by the acronym
ESKAPE - Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter spp [17; 19].
This group of bacteria was named for their ability to
’escape’ the effects of available antimicrobial agents,
making them some of the most dangerous pathogens in
clinical practice [18; 19]. Their survival is due to high
genetic plasticity, the ability to horizontally transfer
resistance genes, biofilm formation, and resilience in hostile
environments, particularly in hospital settings. They are the
main representatives of nosocomial infections [20]. The
greatest danger is associated with their resistance to last-
line ABs, particularly carbapenems. In 2020, every fifth
case of urinary tract infections caused by Escherichia coli
was resistant to standard AB. Klebsiella pneumoniae also
demonstrates growing antimicrobial resistance. This forces
doctors to resort to reserve ABs, which accelerates the
formation of resistant strains [18]. In addition, the spread of
new invasive pathogens, such as Candida auris — a fungus
resistant to several classes of antifungal drugs, capable of
causing outbreaks of nosocomial infections — is increasing
[21;22].

Interestingly, ESKAPE bacteria, which are responsible
for the development of bacteremia, ventilator-associated
pneumonia, endocarditis, and infections of the urinary tract,
skin, and soft tissues, do not always behave as pathogens.
They can colonize the skin or mucous membranes without
causing disease. Problems arise when these microbes enter
sterile areas of the body, such as the blood or cavities,
where they quickly cause severe, often treatment-resistant
infections. The unique ability of ESKAPE pathogens to
evade AB action and colonize a wide range of environments
makes them the main drivers of the modern ABR crisis [23].

Types and Mechanisms of ABR. ABR exists in natural
and adaptive forms. Natural ABR can be intrinsic or induced.
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Intrinsic ABR is always universal within a bacterial species,
doesn’t depend on prior exposure to ABs, and isn’t linked to
horizontal gene transfer. Induced ABR is initiated by genes
consistently present in bacteria, but their expression to ABR
levels is triggered by ABs [24; 25]. The most common
mechanisms of intrinsic ABR are reduced permeability of
the bacterial outer membrane (due to lipopolysaccharides
in Gram-negative bacteria) and the natural activity of
AB efflux pumps, which are also a common mechanism
of induced AMR [25; 26]. Acquired ABR develops
through the acquisition of genetic material via all major
pathways — transformation, transposition, and conjugation —
collectively known as horizontal gene transfer (HGT).
Additionally, bacteria can undergo mutations in their own
chromosomal DNA. In this case, ABR can be temporary or
permanent [27]. Adaptive AMR occurs when the amount of
ABs increases during treatment; it’s characterized by rapid
resistance development and a swift return to a non-resistant
phenotype after the AB is removed from the environment
[28]. The mechanisms of ABR in pathogenic bacteria form
the basis of multidrug resistance. Depending on the chemical
structure of the AB, bacteria employ various counteracting
mechanisms, including low outer membrane permeability,
drug efflux pumps, AB inactivation, and modification of
drug targets [29; 30].

Low Permeability of the Outer Membrane is a survival
mechanism that microorganisms developed through
evolution to protect themselves from toxic substances,
including natural ABs. This mechanism involves a complex
located on the outer and inner membranes of bacteria.
This complex consists of lipid A, an oligosaccharide
core, and O-antigen, which act as recognizers of anything
foreign outside the bacterium. Through stabilization by
Ca and Mg ions, lipopolysaccharide molecules connect,
forming negatively charged phosphate groups that repel
hydrophobic AB molecules. Hydrophobic ABs (like
rifampicin and fluoroquinolones) can penetrate this lipid
bilayer by diffusion. However, for hydrophilic ABs and
nutrients, access is only possible through porin channels.
These porins are less common in mycobacteria and allow
for significantly lower uptake rates than in Gram-negative
bacteria, which substantially limits drug entry [31].

Efflux pumps are another key mechanism in the
development of ABR. These are transport proteins
(transporters) involved in eliminating toxic substances
from bacteria. These proteins are found in Gram-positive
and Gram-negative bacteria, as well as in eukaryotes. There
are five main families of efflux transporters: MF, MATE,
RND, SMR, and ABC. The ABC family is powered by ATP
hydrolysis, while all other families use a proton gradient
[32]. For example, the cell wall of P. aeruginosa bacteria
contains two efflux pumps: MexAB-OprM and MexXY.
The MexAB-OprM pump spans both the inner and outer
membranes of the bacterium and effectively expels toxins
and ABs from the cell, reducing their concentration to
an ineffective level. This complex consists of three key
components: MexB — an RND family protein embedded
in the inner membrane, responsible for recognizing and
transporting harmful substances; MexA — a periplasmic
protein that connects MexB to the outer channel; OprM —
an outer membrane protein that forms the exit channel. The
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MexXY pump plays an important role in P. aeruginosa’s
resistance, specifically to aminoglycosides. Its unique
feature is that this protein complex does not have its own
outer membrane channel. Instead, it utilizes OprM from the
MexAB-OprM complex and is activated by the inactivation
of the MexZ repressor, which in turn activates the MexXY
gene. This leads to the active elimination of ABs by the
MexXY/OprM pump, which lowers their concentration
inside the bacterium and renders the ABs ineffective [33].

Porin Channels. In bacteria, especially Gram-negative
ones with a large outer membrane, many substances,
including ABs, enter the cell through special protein
channels called porins. Typically, these channels allow
hydrophilic molecules to pass through. Bacteria develop
ABR by affecting porins in two main ways. First one,
decreasing the number of porins or blocking their synthesis:
Bacteria can reduce the total number of porins in their
outer membrane or block the production of specific types.
Members of the Enterobacteriaceae family often use this
mechanism to acquire ABR, particularly to carbapenems.
The fewer “entry gates” there are, the less AB can get into
the bacterium. And second one, initiating mutations that
alter porin channel structure: This method either reduces
or completely prevents the entry of certain ABs while
still allowing essential nutrients to pass. For example,
such mutations in E. aerogenes have caused ABR to
imipenem and some cephalosporins. Similarly, in Neisseria
gonorrhoeae, a mutation in loop 3 of the penB locus led to
resistance against beta-lactams and tetracycline [34; 35].

Induction of Chromosomally-Encoded [-Lactamases.
When there’s a downregulation or absence of outer
membrane OprD porins, beta-lactam antibiotics can still
get into the bacterial cell. Once inside, they can induce
the chromosomally-encoded p-lactamase AmpC. This
essentially “turns on” the AmpC gene, leading to the
production of a large amount of inducible cephalosporinase,
which then breaks down the ABs. Additionally, the
blaOXA-50 gene is consistently produced in bacteria,
encoding a constitutively expressed oxacillinase (OXA-50).
This enzyme also destroys ABs that are susceptible to its
action [36]

Horizontal gene transfer is a mechanism through
which ABR genes spread among bacteria. It involves the
transmission of genetic material to a bacterium that is not its
offspring via conjugation, transformation, or transduction.
Conjugation is a contact-dependent process whereby
mobile genetic elements, such as plasmids, integrative and
conjugative elements (ICEs), are transferred through a pilus
or pore between adjacent bacteria, either within the same
genus or across different species. This enables the rapid
dissemination of ABR genes. Transformation involves the
uptake by recipient bacteria of extracellular DNA released
from donor bacteria lysed by antibiotics. Once absorbed,
this DNA integrates into the recipient bacterium’s genome,
conferring new traits, including ABR. Transduction refers
to the use of a temperate bacteriophage as a vector for
transferring both chromosomal and extrachromosomal
DNA from donor to recipient bacteria, thereby conferring
new characteristics [37].

Modification of antibiotic targets. Bacteria possess
numerous cellular components that serve as targets for
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antibiotics. In the case of ABR, the quantity and/or structure
of penicillin-binding proteins in the bacterial cell wall and
membrane are altered due to the acquisition of van genes.
Changes also occur in the structure of peptidoglycans and
the surface charge of the bacterial membrane, which may
become more positive. In ribosomes, mutations can lead
to methylation of the ribosomal subunit or the protection
of ribosomes by specific proteins. Target modification also
encompasses metabolic alterations, including the synthesis
of nucleic acids through changes in DNA gyrase or
topoisomerase IV, and altered metabolism due to mutations
in genes encoding enzymes involved in folate synthesis
(DHPS, DHFR) [27; 38].

Inactivation of ABs. Bacteria have developed effective
strategies to counteract ABs, among which inactivation
plays a key role. This process occurs either through
hydrolysis of the AB by B-lactamases [38—40], or via the
chemical modification of antibiotics by the addition of
acetyl, phosphoryl, or adenylyl groups, which renders the
compound inactive [27].

Biofilm formation. Due to the protective properties of
their matrix and physiological changes in the cells — leading
to the development of metabolically dormant cells —
biofilms exhibit exceptional resistance to various chemical
and physical environmental factors. Initially, planktonic
microorganisms reversibly adhere to biological surfaces
within seconds of contact. This is followed, within minutes,
by irreversible attachment of the microorganisms. The
subsequent stage of biofilm formation involves cell growth
and division, occurring over the course of several hours. In
the following days, exopolysaccharides are produced, and
water channels begin to form. These structures hinder the
penetration of ABs through the mucosal surfaces of organs
and into the deeper layers of the biofilm. The slow diffusion
of ABs through the biofilm, combined with the action of
bacterial enzymes and chemical substances, results in the
inactivation and degradation of the ABs. Over the ensuing
months, additional bacteria adhere to the biofilm layers
and disperse across its surface. Moreover, bacteria within
biofilms utilise horizontal gene transfer mechanisms, which
further enhance their resistance to ABs [41].

The Role of the Host Organism in the Development of
ABR.The host immune system, particularly phagocytic
cells, plays a crucial role in the pathogenesis of ABR.
Macrophages and neutrophils employ a wide range of
antibacterial mechanisms, including reactive oxygen species
(ROS), reactive nitrogen species (NO), proteolytic enzymes
(e.g., cathepsins, lysozyme), antimicrobial peptides (such
as LL-37), and phospholipases. The generation of ROS and
RNS is mediated by the enzyme systems Nox2 and NOS2,
respectively. The products of these reactions, including
peroxynitrite, can damage bacterial cells but at the same
time contribute to the development of ABR by inducing
a state of metabolic dormancy [42]. In Staphylococcus
aureus, for instance, peroxynitrite disrupts the function
of aconitase, thereby blocking the tricarboxylic acid
cycle and driving the bacterium into a therapy-resistant
state. Similar effects have been observed in infections
caused by Mycobacterium tuberculosis and Salmonella
typhimurium, indicating a potentially universal mechanism.
Neutrophil extracellular traps (NETs) and macrophage
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extracellular traps (mETs) further contribute to bacterial
localisation and are essential for pathogen control under
conditions where classical phagocytosis is impaired [43].
Of particular concern is the global spread of methicillin-
resistant S. aureus (CA-MRSA), which is epidemiologically
associated with severe skin infections and pneumonia,
largely due to its high virulence. A major contributing factor
is the strong selective pressure exerted by ABs on S. aureus,
which activates both horizontal and vertical gene transfer
mechanisms, leading to resistance against penicillins and
structurally related f-lactam antibiotics. Phenol-soluble
modulins of the alpha-type (PSMa), a novel group of S.
aureus peptides, recruit, activate, and ultimately lyse human
neutrophils, increasing bacterial virulence and reducing the
efficacy of antimicrobial therapy [44]. Moreover, S. aureus
is capable of evading the host immune response partly due
to the anti-inflammatory cytokine IL-10, which promotes
biofilm formation under conditions of macrophage anti-
inflammatory programming (into the M2 subpopulation)
[45]. Mycobacterium tuberculosis exploits both resident
and recruited macrophages for survival, ultimately inducing
their death. The released bacterial aggregates can evade
phagocytosis and destroy macrophages in a contact-
dependent manner by disrupting the plasma membrane,
inducing calcium accumulation in the cytosol, and triggering
pyroptosis. These effects are dependent on the Mtb ESX-1
secretion system and the presence of the surface lipid
phthiocerol dimycocerosate [46].

Overcoming of the ABR Problem. Tackling ABR
is a multifaceted challenge due to the complexity and
diversity of resistance mechanisms. One promising
approach under active investigation is the modulation
of the host immune response. For instance, it has been
demonstrated that streptazolin — a natural compound
derived from Streptomyces — enhances the phagocytic
activity of macrophages by activating the NF-kB signalling
pathway, stimulating ROS production, and inducing
cytokine secretion. Bosutinib, a SRC kinase inhibitor,
has been shown to further augment phagocytic activity,
ROS generation, and macrophage survival, thereby
improving their capacity to eliminate resistant strains
such as vancomycin-resistant Enterococcus (VRE),
methicillin-resistant Staphylococcus aureus (MRSA), and
Pseudomonas aeruginosa. The combined application of
bosutinib and mitoxantrone has demonstrated an additive
effect [47]. Antioxidants such as N-acetylcysteine (NAC)
and tempol help to reduce oxidative stress and enhance
AB efficacy, particularly against intracellular pathogens.
Furthermore, immunomodulatory agents — including
PPARy agonists and glucocorticoids — facilitate macrophage
adaptation for more effective pathogen clearance [48].
In one study, a nanoparticle named COSBN@CFS@PS
was developed to combat recurrent infections caused by
intracellular, antibiotic-resistant bacteria. This nanoparticle
is pH- and H2O:-responsive, allowing for targeted action
within macrophages. It is composed of chitosaccharides
(COS), cefoxitin (CFS) — a B-lactam antibiotic — and
a pinacol ester of phenylboronic acid (a P-lactamase
inhibitor). The surface coating of phosphatidylserine (PS)
facilitates the nanoparticle’s uptake by macrophages. Once
inside the macrophage, under acidic conditions and in the
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presence of H20-, the nanoparticle releases boronic acid,
which inhibits B-lactamase and prevents degradation of the
AB. This targeted delivery system significantly enhances
the antibacterial efficacy of cefoxitin in the treatment of
intracellular infections [49].

Drug repositioning is another promising approach in
the fight against ABR. This strategy involves identifying
new therapeutic applications for existing, already-
approved drugs originally developed for other diseases.
One particularly interesting direction is the investigation of
antibiotics, traditionally used to treat bacterial infections,
for their potential antiviral properties. Studies have
indicated that certain classes of ABs, including macrolides,
glycopeptides, tetracyclines, fluoroquinolones, and
aminoglycosides, may exhibit antiviral activity against a
range of RNA and DNA viruses, including SARS-CoV-2.
Although the mechanisms underlying this antiviral activity
are not yet fully understood, they are thought to involve
both direct effects on the viral particles and indirect effects
such as the immunomodulatory and anti-inflammatory
properties of these ABs, which may influence the host’s
response to viral infection. Despite the promising nature of
these findings, the use of antibiotics to treat viral infections
remains controversial and is not currently accepted as
standard medical practice. Robust clinical trials are required
to confirm the efficacy and safety of antibiotics in this novel
role. To date, no antibiotic has been officially approved for
use as an antiviral agent [50].

Optimisation of Existing Antibiotics. In addition to the
development of new drugs, considerable efforts are being
directed towards the optimisation of treatment regimens
using existing, or “old”, antibiotics. In the United States,
the National Institute of Allergy and Infectious Diseases
(NIAID) is actively conducting research focused on
refining the use of established ABs. This includes exploring
novel routes of administration, determining the most
effective and shortest possible duration of therapy, and
evaluating combination treatment strategies — specifically,
the concurrent use of two or more antibiotics [51; 52].

Microbiome-Based Approaches. Researchers are
exploring non-traditional strategies for treating antibiotic-
resistant infections, including the development of live
microbiome-based therapeutics. Scientists from the NIAID
have collaborated with researchers in Thailand on a project
demonstrating that Bacillus — a “beneficial” bacterium
commonly found in probiotic digestive supplements — can
aid in eliminating Staphylococcus aureus. NIAID is also
investigating the use of faecal microbiota transplantation
as a treatment for recurrent Clostridium difficile-associated
disease (CDAD), a potentially life-threatening form of
diarrhoea. This procedure involves introducing stool
from a healthy donor — screened for infectious agents and
antibiotic-resistant organisms — into the recipient’s colon to
restore a healthy and diverse gut microbiome [53].

Phage Therapy. Bacteriophages (phages) are viruses
that selectively infect and destroy bacteria. Phage therapy
has been employed to treat patients suffering from severe,
multidrug-resistant infections under compassionate use
protocols, with encouraging outcomes. However, significant
knowledge gaps currently hinder the development,
standardisation, and regulatory approval of phage-based
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treatments [54]. While the complete elimination of
antimicrobial resistance is unachievable — given that it is a
natural evolutionary process — modifying our approaches to
antibiotic use can have a substantial impact in slowing the
spread of this global threat [55].

Adjuvant Coupling: Synergistic Therapy. The usage of
adjuvants enables the restoration of bacterial sensitivity
to existing antibiotics by blocking resistance mechanisms
(e.g., efflux pumps) or facilitating drug penetration into
the cell. Combining antibiotics with mucolytics (e.g.,
N-acetylcysteine) and  enzybiotics  (peptidoglycan-
degrading enzymes) is effective for the disruption of
bacterial biofilms. This allows the antimicrobial agent to
penetrate the deep layers of the infectious focus [56].

Discovery of New Classes: Lantibiotics. It is a class
of ribosomally synthesized antimicrobial peptides
(bacteriocins) containing unconventional amino acids
(lanthionines). They possess a unique, typically dual
mechanism of action: binding to lipid II, which disrupts
cell wall synthesis, and pore formation in the membrane.
This renders the development of resistance extremely
difficult. Representatives of this class, such as Nisin and
the novel lichenicidins, are considered potent alternatives
for combating methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant enterococci (VRE) [57].

Rational Use of Antibiotics in Medical Practice. To
combat the growing threat of antibiotic resistance, the
WHO has developed key strategies aimed at promoting
the rational use of antibiotics [58]. In our view, the most
essential and effective measures for healthcare systems
include the following:

1. Optimal dosing and treatment duration. Inadequate
antibiotic dosing or premature discontinuation of therapy
may result in the survival and subsequent proliferation
of resistant bacterial strains. Conversely, excessive use
increases the risk of adverse effects for the patient and
promotes the development of ABR [59].

2. Use of antibiotics only when clinically indicated.
Antibiotics should be prescribed exclusively in cases
where a bacterial infection has been confirmed or is
highly suspected. Their use in viral illnesses — such as the
common cold or influenza — is entirely inappropriate and
counterproductive.

3. Expansion of infection prevention systems. The most
effective way to reduce the need for antibiotics is to prevent
infections in the first place. Vaccination (e.g., against
influenza or pneumococcal disease) and proper hand
hygiene play critical roles in this regard.

4. Monitoring of ABR. Systematic collection and
analysis of data on microbial susceptibility allow for the
adjustment of antibiotic prescribing guidelines at both local
and national levels, enabling timely responses to evolving
resistance patterns.

Regulatory Framework for Rational Antibiotic Therapy
in Ukraine. Ukraine, recognising the global challenges
posed by antimicrobial resistance, has taken active steps
to promote the rational use of ABs. One of the most
significant regulatory measures is the Order of the Ministry
of Health of Ukraine No. 1513, dated 23 August 2023,
entitled “On the Approval of the Standard of Medical
Care: Rational Use of Antibacterial and Antifungal
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Agents for Therapeutic and Prophylactic Purposes.”
This order serves as a foundational document, marking
a substantial shift in the approach to prescribing and using
antimicrobial agents within the Ukrainian healthcare
system. Its adoption represents a crucial step in aligning
Ukrainian legislation with international and European
standards in the fight against ABR. The document clearly
regulates the prescription of ABcs, emphasising the
importance of using clinical protocols and microbiological
test results, and restricts the uncontrolled use of broad-
spectrum antibiotics. Furthermore, it introduces a system
for ABR monitoring, enabling the collection, analysis, and
exchange of data on microbial susceptibility — an essential
element for formulating up-to-date recommendations
and detecting emerging threats. In addition, the order
establishes requirements for detailed accounting of
antibiotic consumption and mandates regular reporting.
The implementation of this regulation aims not only to
reduce inappropriate antibiotic use and slow the progression
of ABR but also to improve the quality of infectious
disease treatment and alleviate the financial burden on the
healthcare system.

Another critically important regulatory act addressing
the rational use of antibiotics in wartime conditions in
Ukraine is the Ministry of Health’s Order No. 1004,
dated 1 June 2023, entitled “On Approval of the Standard
of Medical Care ’Prevention of Infectious Complications
of Combat Injuries with Antibacterial Drugs at the
Pre-Hospital Stage.”” This order holds exceptional
relevance in the context of the ongoing full-scale
military aggression against Ukraine. It governs the use
of antibiotics under the extreme conditions of armed
conflict, where timely and appropriate administration
can be vital for saving the lives and preserving the
health of the injured. The document clearly defines the
circumstances under which prophylactic antibiotic use is
justified and necessary already at the pre-hospital stage
for patients with various types of wounds. It specifies
the recommended antibiotics for prophylactic use, based
on their spectrum of activity against the most likely
pathogens associated with combat-related infections,
and outlines the optimal routes of administration under
field conditions. The primary goal of such prophylactic
application is to minimise the risk of purulent-septic
complications, which are common in combat trauma due
to the high level of wound contamination. Early antibiotic
intervention can prevent infection from spreading or
becoming systemic.This order is of critical importance
for safeguarding the lives and health of wounded military
personnel and civilians, as timely and evidence-based
antibiotic use in the pre-hospital phase can significantly
improve clinical outcomes, reduce the need for complex
surgical interventions, and shorten rehabilitation periods.

According to the Order of the Ministry of Health
of Ukraine No. 1614 dated August 3, 2021, “On the
Organization of Infection Prevention and Control in
Healthcare and Social Assistance/Social Protection
Institutions,” a multidisciplinary team must be established
in every hospital to implement the antimicrobial resistance

ISSN 2226-2008 OJIECBbKWI MEJJAYHNIA XKYPHAII Ne 1 (198) 2026

SAPMAKOJIOI'IA I <$APMAIIIA

containment strategy. This team must necessarily include
a clinical pharmacist, who is responsible for the following
processes:

» Pre-authorization: Approval of the prescription of
“Reserve” group antibiotics;

» Prospective Audit and Feedback: Real-time review
of prescriptions regarding their appropriateness, dosage,
and duration;

+ Consultative Support: Providing recommendations
to physicians on drug selection based on the facility’s local
antimicrobial resistance profile;

» Educational Function: Training
principles of rational antibiotic therapy.

These and other regulatory acts issued by the Ministry
of Health of Ukraine form a robust foundation for
a systematic approach to antibiotic therapy management.
They integrate the principles of rational antibiotic use into
routine clinical practice and ensure effective control over the
circulation of these vital medications. The implementation
of antimicrobial stewardship programs involves the
coordinated efforts of physicians and clinical pharmacists.
This ensures continuous oversight of the appropriateness
of prescriptions, the selection of the optimal drug, and the
monitoring of treatment efficacy at all stages of healthcare
system.This is especially critical in the context of wartime,
where the resilience of the healthcare system and the
ability to effectively manage infectious complications are
of paramount importance.

staff on the

Conclusions

Antibiotic resistance represents a global public health
crisis, driven both by the natural evolution of bacteria and
the irrational use of antibiotics. Bacteria have developed
sophisticated defence mechanisms, including reduced
membrane permeability, active efflux of antibiotics, target
site modification, enzymatic inactivation, horizontal
gene transfer of resistance traits, and biofilm formation.
Simultaneously, the human host, through complex
inflammatory and immune responses, may also contribute to
the emergence and persistence of antimicrobial resistance.
Effective response to this threat requires a comprehensive
and multifaceted approach. This includes modulation
of the immune response, development of new drugs and
pharmaceutical formulations, and the assessment and
optimisation of existing antibiotic therapies. Microbiome-
based strategies — such as the use of probiotics and faecal
microbiota transplantation — alongside phage therapy,
represent promising adjunctive approaches. Crucially,
the rational use of antibiotics in medical practice remains
a cornerstone of antibiotic resistance control. This involves
appropriate dosing, treatment duration, and prescription
based strictly on clinical indications. Infection prevention
measures and state-level regulatory oversight, including
the implementation of modern antibiotic resistance
monitoring systems, are essential.The adoption of these
strategies is vital not only for maintaining the effectiveness
of antibacterial therapies but also for safeguarding
global public health security in the face of an escalating
antimicrobial resistance threat.
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KOM BHJIaHHSIM BOJHOYAC, a TAKOX POOOTH, SKi 3a CBOEIO
CYTHICTIO € TIepepoOKOr0 OIMyONIiKOBAaHMX paHIIIe cTarei
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He Ounbine 30 psakiB.

9. MoBa crareif — aHIIIilichbKa Ta yKpaiHChKa (IlepeBara
BIJIA€THCS AHIJIOMOBHHUM pO0OOTaM).

10. Matepian crarti Mae OyTH BUKIAJCHUN 33 TaKOIO
CXEMOIO:

a) inpekc YJIK — 3;1iBa, BiAMMOBITHO O KITIOYOBHX CIIIB;

0) iximianu Ta npisBuiie aBropa (aBropis), ORCID ID
KO)KHOTO aBTOpa. PexoMeH10BaHa KUTBKICTh aBTOPIB CTATTi
Mae He NEePEBUILLYBATH S;

B) Ha3Ba CTarTi;

T) IIOBHA Ha3Ba YCTAHOBH (YCTaHOB), Jic BUKOHAHO POOOTY,
MicTo, KpaiHa. SIKIO aBTOpPIB KiJibKa i BOHM NPALIOIOTh
Y pPi3HHX YCTaHOBAX, TOZ1 HE0OXiaHO apabCchKUMU udpaMu
MO3HAYUTH LU(PPOBUI HAIPAIKOBHI 3HAK, IO BiJIOBIIAE
YCTaHOBI, JIe IPALF0e KOKHUI 3 aBTOPIiB; a Ha3Ba yCTAHOBH
Mae OyTH BKazaHa 3 BIANOBITHUM LU(PPOBHM IT03HAYEH-
HSM, eJIeKTpOHHa anpeca (aiapecu), HOMep Tene(oHy;

) [IBa pe3loMe: YKPaiHCHKOI0 MOBOIO 00CATOM [0
800 nmpyxoBanux mitep (0,45 cTOpiHKM) Ta aHIIIHCHKOIO
obcsirom 10 1800 apykoBanux Jitep (1 cropinka). Pesrome
YKpaiHCHKOIO MOBOIO Ma€ CKJIAJAaTHCS 32 TaKO CXEMOIO:
ingexc YJIK, inimianu Ta npi3Buiie aBTopa (aBTopiB), Ha3Ba
CTaTTi, TEKCT pe3loMe, KIIIOYOBI CJIoBa (He OUIbIIe IT°SITH);

€) IMMOCTaHOBKa MPOOJIeMH B 3arajbHOMY BUINIAL Ta ii
3B 530K 13 BXJIMBUMH HAyKOBUMHM Ta IPAKTUYHUMHU 3aB-
JTaHHAMH;

) POPMYITIOBAHHS METH CTaTTi (IIOCTAHOBKA 3aB/IaHHS);

3) MaTepiav i MeTOIM IOCIHIKEHHS 3 OIIICaMU METO-
JIB JAOCIIKSHHS, KITBKOCTI Ta PO3MOALTY 00’ €KTIB AOCITi-
IDKeHHA. Mae OyTW 3a3Ha4eHO NOTPHMAaHHsS HPHHIMIIB
ETtuunoro kozekcy BeecBiTHROT MeanuHOi acomiartii (I'esb-
CIHChKa JeKJaparis) ImoA0 AOCHIIIKEHb, 10 SKUX JOIyda-
IOTh JIOfieH, abo mpuHIHUIIB JIupekTnBr €BpPONEHCHKOTO
Coro3y 2010/10/63 EU miono ekcriepiMEeHTIB Ha TBapUHAX;

1) BHUKJIAJ OCHOBHOTO Marepiaiy JOCHTiHKEHHS 3 IOB-
HUM OOTPYHTYBAaHHSM OTPUMAHUX HAyKOBHX Pe3YJIbTaTiB;

K) BUCHOBKH 3 JOCIIKCHHS 1 MEPCIEKTHBH MOAAIb-
LIMX PO3POOOK Y IIbOMY HAIPsIMi;

J) JiTepaTypHi TMOCHIAHHS B MOPSAAKY IX HHATYBaHHS
a0o 3a andasitom.

11. Pe3toMe aHTTICHKOI0O MOBOIO Ma€ KOPOTKO MOBTO-
PIOBATH CTPYKTYPY CTaTTi, BKJIFOYHO 31 BCTYIIOM, METOIO Ta
3aB/IaHHSAMH, METOIaMH, PE3yJIbTaTaMi, BUCHOBKAMH, 1 Mic-
TUTH KJTFOYOBI CjI0Ba. IHIIliaiK Ta mpi3Buile aBTopa (aBTO-
piB) HOAIOTECS y TpaHCiTepanii, Ha3Ba CTATTI — y Hepe-
KJIaJli aHTITIHCHKOX0 MOBOO. KITF09UOBi ClTOBa ¥ 1HIIN TEpMiHU
CTaTTi MAIOTh BiJIIOBIJaTH 3araJIsHONPUHHATAM MEANYHUM
TepMiHaM, HaBEJCHUM y CIOBHHKaX. He ciif BUKOpHCTO-
BYBATH CJICHT i CKOPOUCHHSI, SIKi HE € 3araJbHOBXUBAHUMHU.

12. XimigHi Ta MateMaTudHi QOPMYIH BIPYKOBYIOTH
abo BrucyioTb. CTpykTypHi (opMynn oQopMIIsIOTE SIK
PHUCYHKH. Y pOpMyIIax po3MidalOTh: MaJi Ta BEUKI JITEPH
(BeJMKi MO3HAYAIOTh JBOMA PHCKAaMH 3HU3Y, MaJli — IBOMa
pUCKaMH 3BepXy IPOCTUM OJIBIEM); JIATHHCHKI JiTEpH
MAKPECITIOIOTh CUHIM OJIIBIIEM; TPELIbKI — 00BOISATE YEPBO-
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HUM OJIiBIIEM; TiIPSIKOBI Ta HAAPSAKOBI U(PH Ta JIITCPU
MO3HAYAIOTh JIyTOI0 IPOCTUM OJIiBIIEM.

13. y cTarTsx ciiji BAKOPUCTOBYBaTH Mi>KHApOIHY CHC-
temy oguHUIE CI.

14. PucyHKH 1 MiONHCH 0 HUX BUKOHYIOTH OKPEMO.
Ha 3BopoTHOMY 00I1i KOYKHOTO PHCYHKa IPOCTUM OJIiBLIEM
CJIiJ| yKa3aTh HOro HOMeEp 1 Ha3By CTaTTi, a B pa3i HeoOXi-
HOCTI ITO3HAUYUTH BEPX 1 HU3.

15. Tabnuumi cnig ApyKyBaTH Ha OKPEMHX CTOPiH-
KaxX, BOHM NIOBMHHI MaTH HyMepalilo Ta Ha3By. Ha nomsix
PYKOIHMCY HEOOXiJHO BKa3aTH Miclie PO3MIIICHHS PUCYH-
KiB 1 Tabmump. [HQOpMaIis, HaBemeHa B TabNMILIX 1 Ha
pHCYHKaX, He IOBHHHA JyOIIOBaTHCS.

16. Cromcok JiTepaTypHHUX JDKEpeN MOBHHEH MIiCTHTH
TepetiK mpatp 3a ocTanHi 10 poKiB i JuIe B OKpEMHX BUIIA/I-
Kax — Oumpll panHi myOmikamii. B opuriHamsHuX poGoTax
IUTYIOTH He Oubine 20 mxepen, B omsaax — 10 60. Ha koxay
po0OOTY y CHMCKY JiTepaTrypd Mae OyTH MOCHJIAHHS B TCK-
cTi pykomucy. Jliteparypa y CIHCKY pPO3MIIILYEThCS 3TIHO
3 TOPSIKOM TIOCHJIaHb Ha HEi B TEKCTi CTarTi, AKi MOAAI0Th
Y KBaIpaTHUX Iy>KKaxX, a00 3a ajndasitom. SIKII0 HABOIATHCS
POOOTH JIMIIIE OIHOTO aBTOpPa, BOHU PO3MIIIYIOTHCS 32 XPO-
HOJIOTIYHHAM HopsiaKoM. [lo CIMCKy JliTepaTypHUX JpKeper He
CJIiJT BKITIOYATH POOOTH, SIKI I1Ie HE HaJIPYKOBaHI.

17. Cnucok Jiteparypyu O(GOPMITIOETHCS JIATHHHIIEIO 32
HIDKYCHABEJICHUMHU CXeMaMH aHIITIMCHKOI0 MOBOKO abo0 TpaH-
ciitepoBani. OopmitioBary ix He0OXiHO 3riHO 31 cTaHIap-
ToM National Library of Medicine (NLM) a6o Vancouver style.

Hna cmameii:

Povorozniuk VYV, Balatska NI, Klymovytskiy FV,
Synenkiy OV. Actual nutririon, vitamin D deficiency and
bone mineral density in the adult population of different
regions of Ukraine. Trauma. 2012;13(4):12-16. (In
Ukrainian). Available from: http://www.mif-ua.com/
archive/article/34633

Scott F, Mamtani R, Brensinger C, et al. The risk of
a second non-melanoma skin cancer with thiopurine and anti-
TNF use in inflammatory bowel disease. Am J Gastroenterol.
2014;109:S473. doi: 10.1016/S0016-5085(14)60282-1.

[pizBuIa aBTOPIB Ta Ha3Ba KypHaly IONAOTHCS
JATUHHIEIO Y TPaHCIiTepallii, Ha3Ba CTaTTi — y HMepeKiaii
aHNIIHCHKOI0 MOBOIO. TpaHcmiTepamlito MOXHa 3pOOUTH
aBTOMaTMYHO Ha caiTi http://ukrlit.org/transliteratsiia.
y GibmiorpadiyHOMY MOCHJIAHHI KOXKHOTO JKepesa CIIij
BKa3aTH BCIX aBTOPiB, BIIOKPEMIIIOIOUN OJHWH BiJ OJHOTO
KOMOIO i po6inoM. [Himianm BKa3yroTh Micis Mpi3BHUINA,
3HAaKaMH MyHKTyamii He BiJOKpeMIIoloThcs. [IoBHI iMeHa
aBTOpiB HE HABONATHCSA. Y BUMAAKY 7 i Olibmie aBTo-
piB cTaBUTHCA MocuiaaHHsA “‘et al.” miciis mepuIux TPbOX
npi3Buil. Skmo aBropiB 6 i menme, “et al.” He BUKO-
pucroByethes. Ilicns mepesiky aBTopiB CTaBIJISATh KpaIKy
i npoOin. Ha3ea nyOmikauii HaBOOUTHCS aHIIUICHKOIO
MOBOIO TIOBHICTIO, 0e3 ckopoueHb. [licis Ha3Bu cTarTi
CTaBJIATH Kparky i mpo0Oin. Ha3Ba nmepioquaHOTO BHIAHHS
HABOJIUTHCS aHTJIIICHKOIO MOBOIO 200 TPaHCITITEPY€ETHCS
CHMBOJIAMH JIATHHCHKOTO an(aity. J[03BONSETHCS HABO-
JIUTH 3apeecTpOBaHi CKOPOYEHHsS Ha3BU MNEPiOJUYHOTO
BUJaHHA. 3a3BU4Yail L (opMa HaMMCAaHHS CaMOCTIHHO
MPUIAMAEThCA BHIAHHAM, ii MOXKHA J[I3HATUCS HA CaWTi
KypHaiy, BuJaBHULTBa, Ha caiiTi ISSN abo HeoOximHO
HAaBOIWTH HOTO MOBHY Ha3By 0e3 ckopodeHHs. Ha3Bu
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BITYM3HSHUX JXYPHAJIB CKOpouyBaTH He MoxHa. Ilicis
Ha3BH BHUIAHHS CTaBIATH Kpamky i mpoOin. [adopma-
i MO0 BHJAHHS: PIK BUIAHHS BiJOKPEMIIIOETHCS
Kpamkol 3 KOMOK, MOTIM HABOAWTHCS HOMEpP TOMY,
SKIO HEOOXIZHO, Y KPYIVIMX JYKKaxX BKa3y€eTbCS HOMEp
KypHaIy, Miclsi IBOKPAlKH HAaBOAMTHCSA JIiala3oH CTO-
pinok. Jlyis crarTi, 110 HAJAPyKOBaHA HE aHIIIHCHKOIO
MOBOIO, HAITPUKIHII ¢(HOPMOBAHOTO MOCHIAHHS Y KPYIITHX
Jy’KKax BKa3yeTbCsi MOBa opurinaiy. Jlonarkosa ingop-
Mariist crocoBHO ctarti — HoMmepa DOI («DOI: https://doi.
org/...»), PubMed ID, pexxum g0cTymmy 10 mepIiomKepena
TOIIO — HABOAWTHCA HANPUKIHII MOCWUJIaHHS y (Qopmari
aKTUBHOTO rineprnocuianns. Popma g nomyky DOI:
Crossref system.

Jlna mamepianie kongepenuii:

Sulkowski M, Krishnan P, Tripathi R. Effect of baseline
resistance-associated variants on SVR with the 3D regimen
plus RBV. In: Conference on Retroviruses and Opportunistic
Infections (CROI). 2016 Feb 22-25; Boston, MA.

Bakeyeva LY, Saprunova VB, Pilipenko DI. Ultrastruc-
ture of mitochondria in endogenous oxidative stress, mito-
chondrial antioxidant protective effect SkQ1. In: Procee-
ding of the IV congress of the Russian Society of Biochem-
istry and Molecular Biology. 2008 May 11-15; Novosi-
birsk, Russian Federation. Novosibirsk; 2008. (in Russian).

[pi3BuIna aBTOPIB MOJAIOTECS Y TPAHCTITEpaLii, Ha3Ba
paili — y nepekiaji aumIiichkor0. [0I0BHE B OMUCAaxX KOH-
(epentiii — Ha3Ba KOH(pEpeHIIii MOBOIO OpHTiHAITY (TI0a-
€TBCS Y TPAHCHITEpAIlii, SIKII0 HEeMaE ii aHDTIHCHKOT Ha3BH),
BUJUIAETBCS KypCUBOM. y IY)KKaX HABOIMTHCS HEpeKiIaj
Ha3BM aHIMiHCHKOI0. BuXiaHi 1aHi (Miclie IpoBeieHHs KOH-
(epentii, Micrie BUIaHHSA, PiK, CTOPIHKH) — aHIIIIHCHKOIO.

Jna monozpagiii ma inwiux KHUIHCOK:

Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s
heart disease: a textbook of cardiovascular medicine. Phil-
adelphia: Saunders; 2014. 2040 p.

Lutsik AD, Detyuk YS, Lutsik MD, autors; Panasyuk
YN, editor. Lektiny v gistokhimii [Lektins in histochemis-
try]. Lviv: Vyscha shkola; 1989. 144 p. (in Russian).

[Ipi3Buma aBTOpPIiB MOHAIOTHCS Yy TpaHCIiTEpalil,
Ha3Ba KHW)KKM — y TpaHCIiTepalii 3 NepeKiaoM aHmil-
CBKOIO MOBOIO Y KBaJIpaTHUX IyXKax. Miciie BUIAHHS, PiK
BUJIAHHS, 3arajbHa KUIBKICTh CTOPIHOK — aHDIIHCHKOIO,
Ha3Ba BUIABHUIITBA — y TPAHCIIiTEpaIlii.

3ayeasicyemo: y cuMcKy JNaTHHHUIECIO MOTPIOHO 3a3Ha-
YaTH BCIX aBTOPIB JIiTepaTypHOrO DKepena, Ha sike Bu
nocuiaerecb. TakoX He CliJi y HbOMY 3aCTOCOBYBATH
3HaKW po3niiaeHHs: // Ta — HasBy mxepena (KypHai, KOH-
(epeH1is, KHUTa) 3aBKAN BUIUISIOTh KypCHBOM.

Hanpukiami smitepaTypHOTO JKepena moTpiOHO BKazy-
Baru nudposuii inentudikarop crarri DOI, sikio Takuii €.
JoTprMaHHS OWX TIpaBHII 3a0€3IE€YUTH KOPEKTHE Bim00-
paKeHHS] IMTOBAHUX JDKEpeN y OinbmocTi pedepaTnBHIX
HAayKOMETPHYHHUX 0a3 JaHHX.

18. CkOpOYeHHS CIIiB 1 CJIOBOCIONYYEHb ITOJAIOTHCS
BianoeigHo g0 JICTY 3582-97 i 'OCT 7.12-93.

Jlns THX, XTO He Mae JocTyy Ao noBHoro Tekcty JICTY,
Ha caiiti OechbKOro MeIyHIBEpCUTETY HAaBEICHO TPUKIAIN
odopmiteHHst Oi0miorpadiuyamx 3ammciB. JlocTynm 3a MOCH-
marHsaM http://libblog.odmu.edu.ua/p/blog-page 8912.html.
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19. Jlo npykoBaHHMX MaTepiasiiB, BUKOHAHHX i3 BHKO-
PUCTaHHSAM KOMIT FOTEPHHX TEXHOJOTIH, 000B’S3KOBO
JIOIAI0THCSI MaTepiaik KOMIT FOTepHOro Habopy Ta rpadiku
B €JIEKTPOHHOMY BUIJISII.

Tekct moke Oyt Takux (opmaris: Word for Windows,
RTF (Reach Text Format).

I'padiyauii MaTepian ciia momaBatd B OKpemux (aii-
nax ¢opmarie XLS, TIFF, WMF a6o CDR. PosninbHa
3[aTHICTh IITPUXOBHUX opuriHaiiB (rpadiku, cxemu) dop-
mariB TIFF nosunna 6ytm 300-600 dpi B&W, namis-
ToHOBUX ((ororpadii Ta in.) — 200-300 dpi Gray Scale
(256 rpamarmiii ciporo). [lluprHa rpadiYHUX OpUTIHATIB —
5,5,11,5117,5 cm.

20. CrarTi miaaroThCs HAYKOBOMY PElEH3YBaHHIO, 3a
pe3yJabTaraMH SIKOTO YXBAIIOETHCS PILIEHHS PO JIOLLIb-
HICTh yOmikarii podoTu. BigxwieHi craTti He moBepra-
I0ThCS1 1 TOBTOPHO HE PO3IIISAAIOTHCS.

21. Pemakuis 3amumae 3a cO0OI0 MPaBO peNAKIIHHOL
MPaBKH CTaTEeH, sKa He CIIOTBOPIOE 1X 3MiCT, 200 MOBEPHEHHS
CTAaTTi aBTOPY JUTS BUIIPABICHHS BUSBICHUX JTE(CKTIB.

22. Jlaror0 HAAXOMKEHHS CTATTi IO KYPHAIy BBaXKa-
€THCS JICHb OTPUMAHHS PEAAKLIEI0 OCTATOYHOTO BapiaHTa
TEKCTY.

23. [Micns oTpuMaHHS MiATBEPAKESHHS BiJl peIKoIerii
PO HPUUHATTS CTATTI A0 MyOJiKamil HaJalThCS PEK-
BI3UTH M CIUTaTH MyONiKaliifHOTO BHECKY. BapTicTh
nyosikamii cranoButh 2000 rpuseHpb (3a 12 CTOPIHOK).
3a KOXKHY JOAATKOBY CTOPiHKY HEOOXiTHO IOJaTH IO
nyOunikaniiinoro BHecky 40 rpuBeHb. [lyOmikariiiHuii
BHECOK IIOKPHBAE€ BUTPATH, MOB’s3aHI 3 KOPEKTYPOIO
i pelaryBaHHSIM CTaTeil, MakeTyBaHHSAM JKypHAly Ta
PO3MIIIEHHSIM HOTO eNEeKTPOHHOI Bepcii. 3a OarkaHHAM
aBTOp CTaTTI MOX€ 3aMOBHUTH cOOi JpPyKOBaHUIl INpH-
MIpHHK XypHaJly. BapTicTh IpykoBaHOTO NPHUMIipHHUKA —
800 rpuBeHb, SIKIi HEOOXIAHO CIUIATUTH AOAATKOBO [0
myOikamiifHoro BHeCKy. IliATBepIKEHHS TpoBele-
Hol omuatu (BiJCKaHOBaHY KBUTaHIito abo ii ¢oro-
rpadiro) aBTOp HaJACWIAE€ B CICKTPOHHOMY BHIIIANI Ha
e-mail omj@onmedu.od.ua.

24. Penakuis «O1eChKOr0 MEIUIHOTO XKypHaIy»: Baiti-
XOBCBKHMI TIPOB., 2, pekropar OfechKoro HaiioHaJIEHOTO
MeIugHOro yHiBepcurety, M. Oneca, 65082, Ykpaina;

e-mail: redkolehiaOMJ@onmedu.edu.ua

BinmoinanpHi cexperapi KypHaIy — OOIEHT [ pexoBa
Aunna, ten.: +38 (097) 938 30 52, nouent FOpuenko Ipuna,
tei.: +38 (050) 815 53 05

KonraktHa ocoba (BupaBHuumii gim  «lenbBe-
THKay) — Jlemuenko Xpuctuna, Tei.: +380 (93) 035 42 60;
e-mail: omj@onmedu.od.ua

HayxoBuit penakrop — Autonenko Ilerpo, Ten.: +380
(97) 587 56 36

Cropinku kypHaiy: journal.odmu.edu.ua, journals.
onmedu.od.ua/index.php/med/home

25. Crarti, mI0 HE BIINOBINAIOTH IIMM IIPaBHIIAM,
He posmsgarotbes. llepenpyk crareit MOXIJIMBHUEN JIHIIE
3 IMCHMOBOT 3rOJIM PEAAKLI] Ta 3 MOCUIAHHIM Ha )KypHaJl.

CepeoHiti yac ouikyeanns nybnikayii (Bix THS momadvi
JI0 THA ImyOriKarii) — 2—8 MmicsmiB (3aMeXHO Bifl (aKTHIHOI
KUTBKOCTI TIOJJAHMX aBTOpaMH IyOJiKaIiil y KOHKPETHHUH
BHUITYCK).
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Honatox a0 [IpaBuit miAroTOBKU CTaTei
10 «OnechbKOro MEINYHOTO JKYPHAITY»

JEKJIAPALIA
II0J0 OPUTiHATBHOCTI TEKCTY HAYKOBOI CTATTI

S(vm), (IL.LB. agmopa a6o agmopie — 3a3Hauaromsca
6ci aemopu Haykoeoi cmammi), JIEKIapyro(€MO), IO
y CTarTi (Ha36a HAyKo6oi cmammi) HASIBHUI OPUTIHAIb-
HUH TEKCT, OTPUMAaHUH y pe3yNbTari BIACHUX JOCIIIKCHb
(KJIIHIYHUX CIIOCTEPEXEHb), Gi0cymHi HEKOPEKTHI LIUTY-
BaHHS, 3alI03MYCHHS 1HIIIOTO TEKCTY, BiIOMOCTI, ependa-
yedi cT. 32 Ta 69 3akoHy Ykpaiau «IIpo BHIILy OCBITY».

3asBisro(eMo), 0 Mos(Hala) HaykoBa po0OOTa BHKO-
HaHa CAMOCTIHHO i B Hill HE MICTATHCS €TIEMEHTH ITariary.

Yci 3anmo3uueHHs 3 IPYKOBAaHHUX Ta €NEKTPOHHUX JDKe-
pell, a TaKoX 13 3aXUIIEHUX paHillle HayKOBUX POOIT, KaH-
JMUIATCHKUX 1 JOKTOPCHKHX JUCEPTAIliif MAIOTh BiAMOBIAHI
HOCHJIAHHSI.

SA(mu) o3naiiomienuii(i) 3 ynHHUM [lonoXKeHHSM PO
BUSIBJICHHSI aKaJIeMIYHOTO IUIariary, 3riJHO 3 SIKUM HasB-
HICTh IUIariaTy € MiJICTABOXO JUIS BiIMOBU NPUNHSITTS
HayKOBOI CTaTTi /10 ONMyOJIIKyBaHHS B HayKOBOMY JXypHaJi
OnechbKOro HaliOHAIBHOTO MEMYHOTO YHIBEPCHTETY.

Jara HMignuc(u)

Hpumitku: 1. y Hdexmapanii noBuHHI OyTH Migmucu
BCIX aBTOpiB HAyKOBOi CTAaTTi, SIKi MalOTh OyTH 3acBig4eHi
YCTaHOBOIO, JI€ BOHU NIPALIOIOTb.

2. SIKIo aBTOpM CTATTi € CHIBIPAl[iBHUKAMH Pi3HUX
yCTaHOB, TO Jlexiapaliis moBUHHA OyTH 3 KOKHOI yCTaHOBH.

MHOPAJOK PELIEH3YBAHHS
PYKONHUCIB HAYKOBUX CTaTel, AKi HAAXOAATH MJIs1 MyOmikaii
a0 penakuii «OnecbKoro MeIn4YHOro ;KypHaIy»

HayxoBi crarTi, siki HagxomsaTh s myOmikamii 0
penakiii «Omechbkoro MeIMYHOTO JKYpHAIy», MiJUITaloTh
PEICH3YBaHHIO. 3aBIaHHIM PELCH3YBaHHS € MAKCUMAIILHO
00’€KTHBHA OI[iHKAa 3MICTy HAyKOBOi CTarTi, II BiAIOBiM-
HOCTI BUMOTaM >XKypHaiy, aHaji3 ii mepeBar Ta HEJOJNIKiB,
BUHECECHHS KOHKPETHHX PEKOMEHIAIil momo i BIOCKOHA-
neHHs. BimnoBimanbHUil cekperap KypHany HpPOBOJIHUTH
MOTIepEeTHIN aHami3 cTarei, 1o HAMINIDIM 0 pemaKIii,
iXHIO BiIIIOBITHICTD TEMAaTHUIlI Ta CIeEIiali3alii >KypHay.
Penen3enTiB npu3HaYae TOMIOBHAN PEHAaKTOp KypHady. B
OKpEeMHUX BHIAJKaX 3a PILICHHSIM TOJOBHOTO peaakropa
TIpU3HAUCHHs perieH3eHTa(iB) Moxe OyTH TOpydeHEe WICHY
penakiiiiHoi Koserii a00 BUpIlICHE HA 3acCigaHH] peaaKiii-
HOI KoJjierii.

Perien3eHTaMu KypHaIy € D0CBiaueHi (axiBIii — JOK-
TOPH HAYK, WICHH PEIKOJICTI1 )KypHAITy Ta 0o peakIiiitHo1
paau. y pasi moTpedu pemakilis 3aaydae 10 pelicH3yBaHHS
CTOPOHHIX (axiBIliB. PerieH3eHTH MarOTh BiATIOBIaTH KBa-
ni¢ikaniitanM BuMoram 3rigHo 3 Hakazom MOH VYkpaian
Bim 15.01.2018 Ne 32. HaykoBi crarTi, 10 HAIWIUTHA 1O
KYypHaITy, CIPSIMOBYIOTHCSI Ha PELCH31I0 OIHOMY peEliCH-
3€HTY, 32 HEOOXITHOCTI — ABOM pereH3eHTam. s Bcix
CTaTel, 110 HAIXOASATH JI0 JKYPHAIy, BU3HAYAE€ThCS PIBEHb
1XHBO1 YHIKQJIBHOCTI 32 ToTIoMOoror0 CHCTEMH TPOTpaMHO-
obumcioBanbHOro Komiuiekey Strikeplagiarism.com.

Ilig dwac peleH3yBaHHS OIIHIOIOTHCS BiAMOBIIHICT
CTaTTi TEMaTHLI XKypHaIy Ta ii Ha3Bi, aKTyalbHICTb 1 Hay-
KOBUH piBEHB, IIepeBar i HEAOIIKH, BiAMIOBIHICTH 0(OPM-
JICHHS. CTAaTTi BEMOTraM penakiii. HanpukiHii poOuThCs
BHCHOBOK IIPO JIOULIBHICTD ITyOmiKalii.

Penien3yBaHHs MPOBOIUTHECS KOHQIACHIIIHO 3a PUH-
[UTIOM TIOJBIIHOTO «CIIMOT0» pEIeH3yBaHHS (aHI aBTOp,
aHi periersedT He 3Ha10Th [1.I.B. omHe omHorO). Perensis
HAJA€THCS aBTOPY CTATTi Ha HOTO 3amuT Oe3 MiANCY, BKa-
3IBKM Tpi3BHINA, IMOCAmM 1 Micmsg poOOTH pereH3eHTa.
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B okpemux Bumnaakax Ha MpOXaHHsI pEliCH3EHTa Ta 3a Y3ro-
JUKEHHSIM 13 PelaKI[iifHOI0 KOJIETIEI0 JXKypHATy B3a€MOIIS
pelieH3eHTa Ta aBTOpa MOXE BiJOyBaTHCh Y BIIKPUTOMY
pexxumi. Taka MpakTHKa 3aCTOCOBYETBHCS JIMIIE B TOMY
BUIIQJIKY, SKIIO BIIKPUTA B3a€MOJis 3a0¢3MEYUTH MOJMII-
IIEHHS BHKJIQIy Marepiasly poOOTH, IO PpeIeH3YETHCS.
3a3BHUy4ail perieH3eHT POOUTH BUCHOBOK IIO/I0 MOXITBOCTI
myOmikarii crarti npotsarom 14 mi6.

SIKIIo pereH3eHT PeKOMEH Y€ BUIIPaBUTH ab0 J00Tpa-
IIOBaTH CTATTIO, PEAKIIis BIATIPABIISE aBTOPY TEKCT PEICH-
311 11 BHeceHHS B poOoTy BigmoBigHux 3MmiH. CrarTi,
BiJiclaHi aBTOpaM Ha BHUIIPABJICHHS, CIIiJ] TIOBEPHYTH IO
penakuii He Mi3Hille HiX Yepe3 CiM JHIB Micis OJepKaHHs.
Kopektypu aBropaMm He BHUCHJIAIOTBCS, MPOTE SIKIIO e HE
nopyluye rpadik BUXOLy *KypHally, MOXIJIUBE HaJIaHHS Tpe-
MIPUHTY, Y SIKOMY AOIYyCTUME BUITPABICHHS JIMIIE TOMUIIOK
Habopy 1 dakTaxy.

ABTOpY, CTaTTA SIKOTO He OyIna MpuiHATa 10 myOiKarii,
Ha HOT0 3aITuT BiAIPABISIETHCS MOTHBOBaHA BiMOBa. Pyko-
IIAC CTATTi HE MMOBEPTAETHCSL.

SIkmo aBTOp HE 3TOACH i3 AYMKOIO pEIeH3eHTa, BiH
MOXXE JaTH MOTHBOBAHY BiIIOBIIb.

YV pa3i moTpedu 3a MOTOMKESHHSAM 3 aBTOPOM MOKe OyTH
IPOBEJICHO JIONATKOBE PEIEH3yBaHHSA PYKOIUCY IHIINM
¢axiBuem.

OcratoyHe pillleHHs PO MyOiiKalio cTarTi Ta i Tep-
MIiHM IIpUMa€e peakiliiiHa KoJeris.

B okpeMux BHIajikax 3a HasBHOCTI TIO3UTHBHOI pelieH-
3ii MO)KIMBa IMyOJtiKamisi cTarTi 3a pilICHHSIM TOJIOBHOTO
penakropa abo HOro 3aCTyIHHUKA.

[Micns yxBameHHsI pimieHHS TPO ITyONKaIilo CTaTTi
penaxiis iHpopMye Ipo Iie aBTOpa 3 YKa3aHHIM TEPMiHY
My OrTiKarii.

Opurinanyu pernensiii 30epiratoTbes B pemakiiii mpoTs-
roM 1 poky.
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Addition to the Manual of Article Style
for “Odes’kij Medi¢nij Zurnal”

DECLARATION
on Originality of the Text of the Scientific Article

I(we) (name, first name and patrymonic of the author
or authors (all authors of the scientific article are indi-
cated) declare that in (the name of the scientific article)
the available text, obtained as a result of own researches
(clinical investigations) is original, improper quotings,
borrowings of other text, or information given in the sec-
tion 32 and 69 of the Law of Ukraine “On Higher Educa-
tion” absent.

I(we) declare that my scientific study is executed inde-
pendently, and has no plagiarism elements.

All borrowings from the printing and electronic sources,
as well as from defended before scientific studies, candi-
date’s and doctoral dissertations have the proper references.

I’'m(we are) acquainted with the current regulation
about detecting academic plagiarism, according to which
the detecting of plagiarism is the reason for the refusal of
scientific article publication in the scientific journals of the
Odesa National Medical University.

Date Signature(s)

Notes: 1. The signatures of all authors of scientific arti-
cle, which are to be sertified by establishment where they
work, must be in Declaration.

2. If authors of the article are employees of different
establishments, Declaration must be provided from every
establishment.

MANUSCRIPTS REVIEWING ORDER

Scientific articles submitted to “Odes’kij medic¢nij Zur-
nal” (“Odesa Medical Journal”) need reviewing. The task
of reviewing is the most objective assessment of the con-
tent of the scientific article, its compliance with the require-
ments of the Journal, analysis of its advantages and dis-
advantages, making specific recommendations for its
improvement. The executive secretary of the Journal con-
ducts a preliminary analysis of the articles received by the
editors, their relevance to the subject and specialization of
the Journal. The reviewers are appointed by the editor-in-
chief of the Journal. In some cases, by the decision of the
editorin-chief, the appointment of the reviewer (s) may be
entrusted to a member of the editorial board or decided at
the meeting of the editorial board.

The reviewers of the Journal are experienced special-
ists — doctors of sciences, members of the editorial board
and editorial council of the Journal. If necessary the editors
invite external experts for cooperation. The reviewers must
meet the qualification requirements in accordance with the
Order of the Ministry of Education and Science of Ukraine
dated 15.01.2018 No 32. The scientific articles submitted
to the Journal are sent for review to one reviewer, if nece-
ssary — to two reviewers. For all articles submitted to the
Journal, the level of their uniqueness is determined using the
programming and computing suite Strikeplagiarism.com.
The reviews should estimate if the article corresponds to
the subject of the Journal and its title, actuality and scienti-
fic level, advantages and disadvantages, correspondence of
the article style to the editorial requirements. The conclu-
sion about advisability of publication is drawn at the end.

Reviewing is conducted confidentially by the principle
of double “blind” reviewing (neither the author nor the
reviewer know each other’s names). The review is provided
to the author of the article at his request without a signa-
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ture, indication of the name, position and place of work of
the reviewer. In some cases, at the request of the reviewer
and in agreement with the editorial board of the Journal, the
interaction of the reviewer and the author may take place
in an open mode. This practice is used only if open inter-
action will improve the presentation of the peer-reviewed
work. Usually the reviewer concludes that the article can
be published within 14 days.

If the reviewer recommends to correct or complete the
article, the editorial staff sends the review text to the author
for inserting proper changes in. The articles submitted to
authors for correction should be returned to the editors
no later than seven days after receipt. Proofreaders are not
sent to the authors, but if this does not disturb the schedule
of the Journal, it is possible to provide a preprint in which
it is permissible to correct only typing and factual errors.

The author, whose article was not submitted to the
publication, is sent a reasonable refuse on his demand.
The manuscript is not returned.

If the author does not agree with a reviewer’s point of
view, he can give him a reasonable answer.

In case of necessity an additional reading of manuscript
by another specialist can be carried out on agreement with
the author.

A final decision about the publication of the article and
its terms is made by the editorial board.

Sometimes in case of a positive review the article can
be published after the editor-in-chief’s or vice-editor-in-
chief’s decision.

After approval of the article publication the editorial
staff informs the author about it with indicating the term
of publication.

Originals of reviews are kept in the editorial during
1 year.
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