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ORIGINAL RESEARCH

G.M. Bodienkova, E.V. Boklazhenko, M.O. Shchepina
RELATIONSHIP BETWEEN THE RS6265
POLYMORPHISM OF THE BDNF GENE
AND SERUM CONCENTRATIONS

OF BRAIN-DERIVED NEUROTROPHIC
FACTOR IN PATIENTS

WITH VIBRATION DISEASE

DOI 10.25789/YMJ.2025.89.01
UDC 616.057:575.174.015.3:547.96

Vibration syndrome is an occupational disease characterized by polymorphic clinical symptoms and involving disorders of the nervous, vas-
cular, immune, and musculoskeletal systems of the upper and lower extremities. The versatility of brain-derived neurotrophic factor (BDNF) is
emphasized by its contribution to a range of adaptive neuronal responses encompassing long-term potentiation and depression, some forms of
short-term synaptic plasticity, and homeostatic regulation of intrinsic neuronal excitability. Many stressful and harmful working conditions are known
to be associated with decreased BDNF expression in the CNS. In recent decades, a number of studies have emphasized the contribution of the
rs6265 BDNF gene polymorphism to impaired post-transcriptional processing and secretion of BDNF. At the same time, there is no information in
the literature about the effect of the rs6265 BDNF gene single nucleotide polymorphism on neurotrophin serum concentration in subjects with VS.

The aim of the study is to determine the effect of the rs6265 BDNF gene polymorphism on the serum level of brain-derived neurotrophic factor
in patients with VS.

Material and methods. BDNF serum concentrations were determined by solid-phase enzyme-linked immunoassay. DNA was extracted from
the whole blood. The rs6265 polymorphic locus of the BDNF gene was typed by real-time polymerase chain reaction.

Results. The highest level of neurotrophic factor in the group of patients with VS was registered in persons with G/G genotype, the lowest pro-
tein content was found in carriers of G/A and A/A genotypes of the rs6265 BDNF gene polymorphism. During the analysis of interrelations between
the polymorphic variant of the BDNF gene and the content of neurotrophin in the blood serum of patients with VS, it was found that carriage of the
A allele is associated with lower protein concentrations and 4.79 times reduces the risk of its hyperproduction, having a protective effect (dominant

model). In addition, each copy of the rare allele reduces the risk of increased neurotrophin concentrations (log-additive model).
Conclusion. As a result of the study, it was found that there is some association of the rs6265 BDNF gene polymorphism with the BDNF serum

level in patients with VS.

Limitations of this study include the number of the persons who were examined in all groups, especially in the comparison group.
Keywords: vibration syndrome, brain-derived neurotrophic factor, single nucleotide polymorphism rs6265, BDNF gene.

For citation: Bodienkova G.M., Boklazhenko E.V., Shchepina M.O. Relationship between the RS6265 polymorphism of the BDNF gene and
serum concentrations of brain-derived neurotrophic factor in patients with vibration disease. Yakut Medical Journal. 2025; 89(1): 5-8. https://doi.

0rg/10.25789/YMJ.2025.89.01

Introduction. Vibration syndrome
(VS) has been one of the leading posi-
tions among occupational diseases. The
clinical picture of VS is characterized by
polymorphic clinical symptoms and in-
cludes disorders of nervous, vascular,
immune systems and musculoskeletal
apparatus of upper and lower extremi-
ties. In this regard, the urgent task is to
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improve methods of early diagnosis of
the disease.

Brain-derived neurotrophic factor
(BDNF) is among the universal key pro-
teins of the nervous system that is in-
volved in many vital processes of neuro-
nal adaptation and regulation of intrinsic
excitability. The universality of BDNF is
emphasized by its contribution to a num-
ber of adaptive responses of neurons,
including long-term potentiation and de-
pression, some forms of short-term syn-
aptic plasticity, and regulation of intrin-
sic neuronal excitability. Many stressful
and harmful conditions are known to be
associated with decreased BDNF ex-
pression in the CNS and increased free
radicals [16]. It should be noted that we
have previously shown that in patients
with VS the BDNF content varied de-
pending on the stage of the disease.
The increase of the neurotrophin con-
centration is parallel to the worsening of
the severity of the pathological process

that indicates the progression of the dis-
ease [1].

Recent decades studies have em-
phasized the contribution of the rs6265
BDNF gene polymorphism to impaired
posttranscriptional processing and secre-
tion of BDNF [8, 12, 14]. This mutation
results in the substitution of valine (Val)
for methionine (Met) in the 66" codon
of the pro-domain encoding region. The
mutation is thought to disrupt the function
and distribution of the protein by inter-
rupting its folding, dimerization, and in-
tracellular transport, as well as interfering
with activity-dependent release of BDNF
[10]. The interaction between BDNF and
sortilin is impaired, which subsequently
leads to a deficiency of the mature form
of the protein in carriers of the A allele of
the rs6265 BDNF gene polymorphism.
Also, this allele can affect intercellular
transport and secretion of neurotrophin,
forming homo- and heterodimers that are
less efficiently sorted and secreted from



. YAKUT MEDICAL JOURNAL

neurons [3]. As a consequence, carriage
of the minor allele is associated with re-
duced synaptic plasticity, impaired mem-
ory and learning ability, and increased
susceptibility to neurodegenerative and
psychiatric diseases [13].

At the same time, there is no informa-
tion in the literature about the effect of the
rs6265 single nucleotide polymorphism
of the BDNF gene on the serum concen-
tration of the neurotrophin in individuals
with VS. The present study is relevant
due to the fact that the mechanisms of
genetic regulation of BDNF production
have not been sufficiently investigated.
All this will further provide an opportunity
to identify individuals at increased risk of
developing disorders in the nervous sys-
tem in workers with VS.

The aim of the study is to determine
the effect of the rs6265 BDNF gene poly-
morphism on the serum level of brain-de-
rived neurotrophic factor in patients with
VS.

Material and methods. The study
included 100 men with VS (mean age
51.56+0.67 years, mean work experi-
ence in conditions of vibration exposure
25.11+£0.74 years) who were examined
in the clinic of the Institute in 2023. The
diagnosis of occupational disease was
established by occupational patholo-
gists in accordance with the International
Classification of Diseases 10" revision.
The occupations of persons with VS are
represented by assemblers, assembly fit-
ters, tunnel sinkers, heavy truck drivers,
crane drivers, tractor drivers, excavator
and bulldozer operators. The criteria to
include the participants into the study
were the presence of the diagnosis of
VS established during the work, absence
of comorbid pathology, and the exclu-
sion criteria were concomitant acute and
chronic diseases. The comparison group
consisted of 40 conditionally healthy men
who were 53,15+1,87 years old (accord-
ing to the data of complex examination),
and who were not in contact with harmful
production factors. All the persons taking
part in the study were Russians living
in the Irkutsk Region. Data on ethnicity
were obtained with the help of a specially
designed questionnaire.

Venous fasting blood was drawn in the
morning into Improvacuter vacuum tubes
with coagulation activator SiO, (Improve
Medical, China) for immunoenzymatic
analysis and Improvacuter tubes with
anticoagulant K,-EDTA (Improve Medi-
cal, China) for molecular genetic studies.
Then it was centrifuged at 1500 rpm for
15 min on a CM-6MT centrifuge (ELMI,
Latvia). The serum was selected for en-
zyme immunoassay and the cell fraction

was selected for molecular genetic stud-
ies, then they were aliquoted and the
samples were stored at —70°C.

Serum concentrations of BDNF
were determined by solid-phase en-
zyme-linked immunoassay (“sandwich”
variant) by using the test system “Hu-
man Free BDNF Quantikine ELISA Kit”
(Cat. No. DBDO00, R&D Systems, USA)
according to the manufacturer's instruc-
tions. The results were read with the help
of an ELx800 automatic photometer (Bio-
Tek Instruments, USA).

DNA extraction was performed by us-
ing DNA-Extran-1 reagent kit (Cat. No.
EX-509-100, Syntol, Russia) according
to the manufacturer's methodology. The
rs6265 polymorphic locus of the BDNF
gene was typed by polymerase chain re-
action with real-time detection of results
on a CFX96 amplifier (Bio-Rad, USA).
The test system (Cat. No. NP-623-100)
produced by Syntol (Russia) was used to
determine the genotypes. The parame-
ters of the thermal cycle were performed
in accordance with the reagent kit in-
structions.

Statistical processing of the results
was performed by using Statistica 10.0
program (StatSoft, USA). The following
parameters were used to describe quan-
titative features: arithmetic mean (M) and
a standard error of mean (m) for age and
work experience under vibration expo-
sure conditions, the median (Me) and
interquartile range (Q25-Q75) for BDNF
concentration (pg/mL). The Mann-Whit-
ney U-criterion was used to evaluate
differences in BDNF content between
groups. While analyzing the frequency
distribution of the rs6265 BDNF gene
polymorphism, the observed frequency of
genotypes was checked against the ex-
pected one by using an online calculator
(https://wpcalc.com/en/equilibrium-har-
dy-weinberg/). The significance of differ-
ences in the distribution of genotype and
allele frequencies was assessed by using
Fisher's exact test (df=1). The search of
the rs6265 BDNF gene polymorphism

associations with the disease, and serum
concentration of neurotrophin was done
in the online program SNPstats (https://
www.snpstats.net/). The odds ratio (OR)
with 95% confidence interval (95% ClI)
was calculated by using the logistic re-
gression method according to 5 prob-
able inheritance models (codominant,
dominant, recessive, overdominant, and
log-additive). The found differences be-
tween the groups were considered statis-
tically significant at p<0.05.

The study was performed in accor-
dance with the ethical standards of the
Declaration of Helsinki (as amended in
2000), the “Rules of Good Clinical Prac-
tice in the Russian Federation” approved
by the order of the Ministry of Health of
the Russian Federation Ne200n from
01.04.2016, and the voluntary informed
consent signed by the participants. The
work was approved by the local ethical
committee of the Institute (Minutes No. 5
of 21.03.2023).

Results and discussion. While esti-
mating genotype and allele frequencies
of the rs6265 BDNF gene polymorphism
in the group of patients with VS, the fol-
lowing values were obtained: G/G (abs.
60) — 60.0%; G/A (abs. 37) — 37.0%; A/A
(abs. 3) — 3.0%; G (abs. 157) — 78.5%;
A (abs. 43) — 21.5%. The frequencies
of genotypes and alleles were also de-
termined in the comparison group: G/G
(abs. 24) —60.0%; G/A (abs. 15) — 37.5%;
A/A (abs. 1) —2.5%; G (abs. 63) — 78.7%;
A(abs. 17) — 21.3%. The analysis of gen-
otype frequency distribution of rs6265
BDNF gene polymorphism in the group
of patients with VS and the comparison
group for their compliance with the Har-
dy-Weinberg equilibrium showed that
the observed genotype frequencies of
the studied polymorphic variant of the
gene corresponded to the expected fre-
quencies (x?=0.65, p=0.420; x=0.50,
p=0.480, respectively). It is necessary
to note that the allele frequencies of the
studied polymorphic locus of the BDNF
gene in individuals with VS and the com-

Table 1

Serum concentration depending on the genotypes. Me (Q25-Q75)

BDNF concentration (pg/mL) Significance level p
Grops G/G G/A+A/A
o 395.49 309.25
Patients with VS | 304718977 70) | (252.09-446.87) 0.008
. 354.14 234.99
Comparison group | 34753387 31) | (197.84-267.72) 0.032

Note: p is the level of significance for Mann-Whitney U-criterion. differences are significant

at p<0.05.



parison group are comparable with the
data obtained for European and Russian
populations [2, 11]. No statistically sig-
nificant differences were found between
the compared groups with respect to
genotype (G/G p=0.573; G/A p=0.552;
A/A p=0.678) and allele frequencies (G, A
p=0.551). When calculating the odds ra-
tio, no association of genotypes with the
disease was found.

While comparing BDNF serum con-
centrations between the groups, statisti-
cally significant differences were estab-
lished: a higher neurotrophin level was
registered in individuals with VS (366.20
(281.89-617.63) pg/mL) relatively to the
protein concentration values in the com-
parison group (272.89 (234.99-353.14)
pg/mL; p=0.048).

When dividing individuals of both
groups into subgroups depending on
the genotypes of the rs6265 BDNF gene
polymorphism, BDNF level significantly
differed. Individuals with G/Aand A/Agen-
otypes were combined into one subgroup
to reveal the role of the minor allele. The
highest level of neurotrophic factor was
registered in individuals with G/G geno-
type (395.49 (304.18-977.70) pg/mL) in
the group of patients with VS, the lowest
protein content was found in carriers of
G/A and A/A genotypes (309.25 (252.09—
446.87) pg/mL). The concentration of
neurotrophin in the comparison group
also differed depending on genotypes: in
individuals with G/G genotype it amount-
ed to 354.14 (347.23-381.31) pg/mL, in

individuals with G/A and A/A genotypes
had 234.99 (197.84-267.72) pg/mL, re-
spectively (Table 1).

Individuals with VS were divided into
two groups basing on the BDNF median
concentration obtained in the comparison
group: patients with concentration <273.0
and 2273.0 pg/mL (Table 2). According
to the results of the regression analysis,
the dominant and log-additive inheri-
tance models are the most correct for
the rs6265 BDNF gene polymorphism,
as they are characterized by the lowest
value of the Akaike information criterion
(AIC=113.4). The analysis of interrela-
tions between the polymorphic variant of
the BDNF gene and neurotrophin con-
tent in serum of patients with VS showed
that carriage of the A-allele is associated
with lower protein concentrations and it
decreases the risk of its hyperproduc-
tion by 4.79 times, having a protective
effect (OR=4.79; 95% CI| 1.87-12.24;
p=0.0007; dominant model). In addition,
each copy of the rare allele reduced
the risk of increased neurotrophin con-
centration (OR=4.0; 95% CI 1.72-9.33;
p=0.0007; log-additive model).

The results of our study are in agree-
ment with the literature results [4, 5],
whose authors made the following con-
clusions: homozygous or heterozygous
individuals with allele A have lower plas-
ma BDNF levels compared to carriers
of the normal G/G genotype, which can
be explained by impaired intracellular
transport of pro-BDNF, which leads to

il YW

decreased production of mature BDNF
in cells of allele A carriers. Also Gallinat
et al. reported that in healthy individuals,
the rare A allele is associated with low-
er serum BDNF concentration [6]. The G
allele that is associated with increased
BDNF secretion may be a risk allele for
the development of some neuropsychi-
atric diseases [15]. In patients with Par-
kinson's disease, the maximum protein
level was found in carriers of G/G and
G/A genotypes of the rs6265 polymorphic
locus of the BDNF gene, while the mini-
mum concentration was observed in car-
riers of the A/A genotype [9]. Carrying the
A allele increases the risk of BDNF level
reduction almost 10 times in patients with
thyroid pathology, while the presence of
the G allele, on the contrary, prevents
its concentration reduction; however, a
decreased level of the neurotrophin in
serum of individuals with hypothyroidism
of different genesis was observed in car-
riers of all three genotypes compared to
the control group [7].

At the same time, there are opposite
opinions in the literature: Terracciano et
al., Li et al. found that the rs6265 poly-
morphic variant of the BDNF gene does
not directly affect the level of BDNF in se-
rum [8; 14]. BDNF expression can also
be reduced as a result of posttranscrip-
tional processes or epigenetic mecha-
nisms, such as DNA methylation or his-
tone acetylation [10].

Conclusion. As a result of this study,
it was found that there is some associa-

Table 2

Associations between genotypes of the rs6265 BDNF gene polymorphism and BDNF serum level in patients with VS

Patients with BDNF concentration
Genetic model Genotype OR (95%CI) p AIC
<273.0 pg/mL, abs. (%) | >273.0 pg/mL, abs. (%)
G/G 10 (34.5) 50 (70.4) 1.00
4.53
Codominant G/A 17(58.6) 20(28.2) (1.74-11.79) 0.0027 115.1
9.25
A/A 2 (6.9) 1(1.4) (0.76-113.24)
G/G 10 (34.5) 50 (70.4) 1.00
Dominant G/A-A/A 19 (65.5) 21 (29.6) a 8;1_7192 2 0.0007 113.4
G/G-G/A 27 (93.1) 70 (98.6) 1.00
Recessive 4.76 0.2000 123.2
A/A 2 (6.9) 1(1.4) (0.41-55.16)
G/G-A/A 12 (41.4) 51(71.8) 1.00
Overdominant G/A 17 (58.6) 20 (28.2) a Sii;g 74 0.0033 116.3
Log-additive G/G-GIA-A/A - - (175033 | 00007 | 1134

Notes. Table 2 shows odds ratio and 95% confidence interval OR (95% CI); p — value of the level of statistically significant difference; AIC

— Akaike information criterion value.
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tion of the rs6265 BDNF gene polymor-
phism with BDNF serum level in patients
with VS. Individuals with normal G/G
genotype had a higher level of neurotro-
phin, while carriers of G/A and A/A gen-
otypes had a lower BDNF content. The
results of regression analysis indicate
that carriage of the G allele prevents a
decrease in BDNF concentration, while
the presence of the A allele reduces the
risk of neurotrophin hyperproduction. The
risk of protein concentration reduction
was increased by 4.79 times in carriers of
the A-allele. The obtained results expand
our ideas about genetic features that may
predetermine the sensitivity of patients
with VS to the production of brain-derived
neurotrophic factor.

The results we obtained are prelimi-
nary and require further study due to the
low frequency of certain genotypes and
insufficient number of subjects in the
groups.

Financing of the work was carried
out at the expense of funds allocated
for the state assignment of the East-Si-
berian Institute of Medical and Ecologi-
cal Research. There are no conflicts of
interest.
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A retrospective analysis of the medical records of 203 women who gave birth at full term in a second-level obstetric hospital was
carried out in order to study the characteristics of the medical history, the course of gestation and the outcome of childbirth with
intrapartum fetal hypoxia (IHF, distress). Materials and methods: postpartum women were divided into 2 groups: group 1 (control)
- 36 people (17.73%) without intrapartum fetal hypoxia (IHF) (average gestational age at the time of birth - 39.4 weeks), group 2
(main) - 167 patients (82.27%) with IHF (average period - 40.4 weeks). Results and Conclusion. Postpartum women of group 2
(with IGP) were younger than women of group 1 (28,16+5,52 years and 30.25+4.94 years, respectively, p = 0,01). In the obstetric
and gynecological history of patients in group 2, primiparous women were more often noted (61%) with a large number of previ-
ous pregnancies (2.59). Gynecological pathology in the anamnesis was 2.4 times more likely to be detected in patients of group
2 with a significant predominance in the structure of inflammatory diseases of the cervix, uterine fibroids, endometrial polyp, and
polycystic ovary syndrome. In the main group, pregnant women were significantly more likely to be diagnosed with respiratory dis-
eases (21.4%), somatization disorder (F45 - neurocirculatory dystonia) (20.96%), obesity and other hyperalimentation (18.56%),
subclinical hypothyroidism (13.77%). Myopia from childhood is 2.24 times more likely to be established as a concomitant diagnosis
in group 2 postpartum women. In the main group, there were significantly more nicotine-dependent pregnant women (7.78%). Our
data are consistent with domestic and foreign studies and indicate that further systematic study of maternal prognostic factors of
fetal distress during childbirth is necessary to develop preventive pregravid programs.
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Introduction. Statistics from the Rus-
sian Federation show that the country is
in a demographic crisis [1]. The medical
side of this issue poses an urgent task for
the medical community: a personalized
approach to the management of each
pregnancy, careful and safe delivery. The
most difficult problem of modern obstet-
rics is intrauterine fetal hypoxia (fetal dis-
tress), which is the cause of up to 40% of
stillbirths and neonatal mortality [2, 5, 8].

The development of acute intrauterine
hypoxia is caused by impaired blood sup-
ply to the fetus; the most common cause
of the development of this condition
during pregnancy is premature placental
abruption or thrombosis of the placental
vessels; during childbirth - pathology of
uterine contractility [3, 7]. The result of
perinatal hypoxia is damage to various
organ systems, primarily the central ner-
vous system, which is not only a medi-
cal, but also a social problem [1, 9, 13].
Many questions regarding the causes of
fetal distress are controversial. According
to a number of authors, the effective-
ness of calculating antenatal risk factors
for fetal distress is low, and anamnesis
data and past infectious diseases are not
modifiable and have little specificity for
the development of intrapartum fetal hy-

poxia (IHF) [4, 9]. However, the number
of cases included in the studies is small;
at the same time, the authors point to a
significant incidence of obesity and early
reproductive age in mothers of newborns
with intrapartum fetal hypoxia (IFH) [4,
10]. Other researchers have identified
a high frequency of complicated somat-
ic and obstetric-gynecological history in
IGP [3, 5, 6, 14]. Additional research is
required to explain these discrepancies.

To date, there are no published sys-
tematic data on low- and average-risk
pregnant women for perinatal and mater-
nal mortality that analyze pre-conception-
al risk factors for intrapartum fetal hypox-
ia (IHF) at full term.

The purpose of our study was to as-
sess the causes of intrapartum fetal hy-
poxia (IHF) during full-term pregnancy in
a second-level obstetric hospital, if possi-
ble, to provide medical care while analyz-
ing preconception risk factors.

Materials and research methods.
A retrospective analysis of medical doc-
umentation (birth history, individual card
of the pregnant and postpartum wom-
en) was carried out for 203 women who
gave birth in an obstetric hospital of the
second group (level) where medical
care was available (GBUZ TO “Materni-
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Characteristics of the obstetric history of postpartum women, n (%)

Table 1

Study criterion 1 group, control (n=36) | 2 group (n=167) P
Primigravidae 1 (2.78%) 91 (54.49%)* p<0.001
. i 35(97.22%) / 76 (45.51%)* /
Multipregnant women / - number of pregnancies in history (M+SD) 1.9740.92 25041 82% p<0.001
14 (38.89%) / 30 (17.96%)* / _ _
- 1/2 pregnancy 9 (25.00%) 16 (9.58%)* p=0.01/p=0.03
11 (30.56%) / 9 (5.39%)* / _ -
-3 /4 pregnancy 1(2.78%) 8 (4.79%) p=0.002 / p=0.27
6 (3.59%)* /
-5/ 6 pregnancy 0 (0%) / 0 (0%) 4((2. 40‘,}2)* p=0.007 / p=0.02
2 (4.19%) /
-7/ 8 pregnancy 0. (0%) / 0 (0%) 1((0' 60@3) p=0.08 / p=1.16
Primipara 5 (13.89%) 102 (61.08%)* p<0.001
Multiparous 31 (86.11%) 65 (38.92%)* p<0.001

- number of births in history (M£SD)

1.69+0.78

1.75£1.03

-1/ 2 st births

13 (36.11%) /
13 (36.11%)

36 (21.56%)* /

16 (9.58%)* p=0.04 / p=0.002

5(13.89%) /

7 (4.19%)* /

-3 /4 or more births 0 (0%) 6 (3.79%) p=0.04 / p=0.06
Complicated obstetric history:

Medical abortion / Number of abortions in history (M+SD) 61(.1167‘2(7)2’% / 331 %29!162/09) / p=0.33
Spontaneous miscarriage 3 (8.34%) 14 (8.38%) p=0.49
Regressive pregnancy 2 (5.56%) 9 (5.38%) p=0.37
Ectopic pregnancy 2 (5.56%) 4(2.39%) p=0.18

Note: * —p < 0.05 when comparing the 1st and 2nd groups.

ty Hospital No. 3”, Tyumen). Depending
on the presence of fetal hypoxia during
childbirth (FH), postpartum women were
divided into 2 groups: group 1 (control) -
36 women (17.73%) without intrauterine
fetal hypoxia during childbirth (average
gestational age at the time of birth - 39.4
weeks), group 2 (main) - 167 pregnant
women ( 82.27%) with a diagnosis: Labor
and delivery complicated by fetal stress
[distress] (068 (Labor and delivery com-
plicated by abnormality of fetal acid-base
balance) — code: International Statistical
Classification of Diseases and Related
Health Problems - ICD-10) (average pe-
riod - 40.4 weeks). Participants in group
1 were selected by using systematic ran-
dom sampling method.

Type of study: continuous cross-sec-
tion of all postpartum women diagnosed

with: O68 Labor and delivery complicated
by abnormality of fetal acid-base balance
for 2021. (total births - 3482 cases, the
frequency of this pathology during this
period was 4.8%). There were no perina-
tal deaths in either group during the study
period. Criteria for inclusion in the main
group: availability of medical documenta-
tion on clinical observation for pregnan-
cy in the antenatal clinic (exchange card
of a pregnant woman, parturient woman
and postpartum woman (form N 113/u-
20)) and birth history (medical record of a
pregnant woman, parturient woman and
postpartum woman receiving medical
care in a hospital setting (form N 096/1y-
20)). Criteria for non-inclusion in both
groups: multiple pregnancy.

Statistical processing of the research
results was carried out using software

packages: Microsoft Excel 2010, SPSS
25.0. Statistical analysis included uni-
variate analysis with Student's t test and
Fisher's exact test, and p < 0.05 was con-
sidered significant.

Results and Discussion. When ana-
lyzing the age of postpartum women, a
significantly younger age was revealed in
patients of group 2 (with IHF) 28,16+5,52
years. Women whose births occurred
without IHF (control groups) were on av-
erage 2 years older (30.25+4.94 years, p
= 0,01) and had a history of childbirth 2.2
times more often. When studying the so-
cial characteristics of postpartum women
of both groups, no static differences were
revealed: a greater number of women
were employed (group 1 - 66.67%, group
2 - 67.07%) and were urban residents
(group 1-69.44%, group 2 - 77.84%).

Table 2

Characteristics of gynecological pathology experienced by postpartum women, n (%)

Gynecological pathology

1 group, control (n=36)

2 group (n=167) P

Vaginitis / Inflammatory diseases of the cervix

2 (5.56%) /5 (13.89%)

22 (13.17%) / 46 (27.54%)*

p=0.05 / p=0.02

Endometrial polyp / Uterine fibroids

0(0%) /0 (0%)

4 (2.40%)* / 15 (8.98%)*

p=0.02 / p<0.001

Polycystic ovary syndrome

0 (0%)

7 (4.19%)*

p<0.001
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Table 3

Characteristics of somatic pathology of postpartum women, n (%)

Extragenital pathology 1 group, (n=36) 2 group (n=167) P
Diseases of the respiratory system 1 (2.78%) 36 (21.4%)* p<0.001
Somatization disorder (neurocirculatory dystonia) 2 (5.56%) 35(20.96%)* p=0.001
Obesity and other hyperalimentation 0 (0%) 31 (18.56%)* p<0.001
Subclinical hypothyroidism 0 (0%) 23 (13.77%)* p<0.001
Myopia 5 (13.89%) 52 (31.14%)* p=0.007
Pathology of the kidneys, ureters, bladder 0 (0%) 20 (11.98%)* p<0.001
Diseases of the musculoskeletal system 0 (0%) 9 (5.39%)* p=0.001
Atrioventricular block, first degree (tachycardia, arrhythmias) 0 (0%) 5(2.99%)* p=0.01
Essential (primary) hypertension 0 (0%) 3 (1.80%)* p=0.04
Chronic viral diseases (HIV / hepatitis) 0 (0%) 7 (4.19%)* p=0.004
Nicotine addicts / Drug addicts 0 (0%) / 0 (0%) 13 (7.78%)* / 1 (0.60%) p=0.0001 / p=0.16

The number of primigravidas in group
2 (patients with intrauterine fetal hypox-
ia) is 19.6 times greater than in postpar-
tum women without IHF (p < 0,001). Also
in group 2 there was a 31.47% greater
number of pregnancies in the anamnesis
compared to group 1 (puerperas without
IHF) (p < 0,001). The proportion of primip-
arous women in group 2 was significantly
higher by 4.7 times compared to group
1 (61.08% and 13.89%, respectively).
The proportion of primiparous women in
group 2 was significantly higher by 4.7
times (table 1).

Intrapartum hypoxia during full-term
pregnancy more often occurred in young-
er parturients and, in most cases, primi-
gravidas, which has been repeatedly not-
ed in various studies, including analyzes
of the consequences of severe fetal as-
phyxia and long-term neurological disor-
ders in children [4, 10, 14].

Gynecological pathology (table 2) in
the anamnesis was 2.4 times more like-
ly to be detected in patients of group 2
with a significant predominance in the
structure of inflammatory diseases of
the cervix, uterine fibroids, endometrial
polyp, and polycystic ovary syndrome.
Other gynecological diseases did not dif-
fer in frequency. Infertility was noted in
3 patients of the main group (p = 0,04);
assisted reproductive technologies were
not used in patients of both groups.

An important fact, from our point of
view, is the large number of primiparous
women with IHF (group 2), which is 4.7
times higher than in group 1, with simul-
taneously high rates reflecting a bur-
dened obstetric and gynecological his-
tory: multipregnant women with no birth
in history (61.08%), having had medical
abortions, inflammatory diseases of the
cervix, uterine fibroids, endometrial pol-
yp, polycystic syndrome ovaries. Many

authors who previously searched for
risk factors for fetal distress and hypox-
ic-ischemic encephalopathy of newborns
associated the absence of a history of
childbirth with an increased incidence of
placental disorders that develop against
the background of pre-existing gyneco-
logical pathology and a history of induced
abortions [4, 6, 10, 12, 14].

When analyzing chronic extragenital
pathology (table 3), it was revealed that
in patients of group 2, respiratory diseas-
es (21.4%), somatization disorder (F45
- neurocirculatory dystonia) (20.96%),
obesity and overweight were diagnosed
significantly more often than in the con-
trol group body (18.56%), subclinical
hypothyroidism (13.77%). These extra-
genital diseases differ from the average
population and can be caused by wom-
en living in a sharply continental climate
and a moderate iodine deficiency zone
(southern Western Siberia) [11]. The in-
fluence of nicotine addiction on the de-
velopment of respiratory diseases is un-
deniable (7.7% of women in group 2 not-
ed a history of smoking), therefore, this
pathology is diagnosed 8.6 times more
often in postpartum women with IHF.

Diseases such as allergies, anemia,
varicose veins of the lower extremities,
pathology of the liver, stomach and intes-
tines did not have significant differences
in the studied groups.

Among the patients in group 2, the
history significantly indicated more of-
ten chronic respiratory diseases (by 8.6
times), myopia (by 2.24 times), diseas-
es of the musculoskeletal system (by
5.39%), which is not described in the liter-
ature data. Predictable risk factors were
identified: nicotine addiction in women of
group 2 (7.78%, p = 0,0001) and chronic
viral diseases (HIV/hepatitis) (4.19%, p =
0,004) [3, 4, 5, 9]. In a study that studied

the group of fetal asphyxia during child-
birth at gestational ages of 27-39 weeks
(Taranushenko T.E. et al. (Krasnoyarsk)),
the proportion of women who smoked
was even higher than 18% [5].

Thus, a detailed maternal history is
important and may provide a pathway
to preventative strategies for future fetal
distress.

Conclusion. Analyzing the above, we
came to the following conclusions. In
women whose childbirth was complicat-
ed by intranatal fetal hypoxia:

1. in the obstetric and gynecolog-
ical history, primiparous women (61%)
with a large number of previous pregnan-
cies (2.59) were noted with greater fre-
quency;

2. gynecological pathology in the
anamnesis was 2.4 times more likely to
be detected in patients of group 2 with a
significant predominance in the structure
of inflammatory diseases of the cervix,
uterine fibroids, endometrial polyp, and
polycystic ovary syndrome;

3. extragenital pathology is most
often represented by respiratory diseas-
es (21.4%), somatization disorder (F45
- neurocirculatory dystonia) (20.96%),
obesity and other hyperalimentation
(18.56%), subclinical hypothyroidism
(13.77%). Myopia from childhood is 2.24
times more likely to be established as a
concomitant diagnosis in group 2 of post-
partum women;

4. in the main group, there were
significantly more nicotine-dependent
pregnant women (7.78%).

Potentially modifiable preconception
risk factors include medical abortion,
chronic inflammatory diseases of the
genitals, diseases of the lungs and air-
ways, obesity and overweight, thyroid
disease, and maternal smoking. Our data
are consistent with domestic and foreign



. YAKUT MEDICAL JOURNAL

studies and indicate that further system-
atic study of pre-conceptual maternal
prognostic factors of fetal distress in la-
bor is required in order to develop pre-
ventive pregravidarial programs.

References

1. Zdravoohranenie v Rossii. 2023: Statis-
ticheskij sbornik [Healthcare in Russia. 2023:
Statistical Digest. M.: Rosstat, 2023. 179 p. (In
Russ.).]

2. Medvedeva |.N., Davydova A.V. Optimal'nyj
vybor diagnostiki gipoksii ploda v rodah [The op-
timal choice for diagnosing fetal hypoxia during
labor]. Russian Rossijskij vestnik akushera-gine-
kologa [Bulletin of Obstetrician-Gynecolo-
gist. 2021;21(4):54-60 (In Russ.).] https://doi.
org/10.17116/rosakush20212104154.

3. Kazakova A.V, Lineva O.l, Kiyashko
I.S. [et al.] Ocenka faktorov riska razvitiya dis-
tressa ploda v rodah [Assessment of risk fac-
tors for fetal distress in childbirth]. Astrahanskij
medicinskij zhurnal [Astrakhan medical jour-
nal. 2024;19(2):62-68 (In Russ.).] https://doi.
org/10.17021/1992-6499-2024-2-62-68

4. Prihodko A.M. Sovremennye tekhnologii
ocenki sostoyaniya ploda v rodah. Prognoziro-
vanie gipoksii ploda i iskhoda dlya novorozh-

DOI 10.25789/YMJ.2025.89.03
UDC 618.14-006.6+613.24

GRAFSKAYA Maria Yurievna — PhD, docto-
rant, Federal State Budgetary Institution Na-
tional Medical Research Center of Oncology
of the Ministry of Health of the Russian Feder-
ation, ORCID: 0009-0005-8204-705X, e-mail:
mariagrafskaja@ya.ru@ya.ru; VERENIKINA
Ekaterina Vladimirovna — MD, Head of the
Department, Federal State Budgetary Institu-
tion "National Medical Research Center of On-
cology" of the Ministry of Health of the Russian
Federation, ORCID: 0000-0002-1084-5176,
e-mail: ekat.veren@yandex.ru; MAKSIMOV
Alexey Yuryevich — MD, Professor, Deputy
General Director, Federal State Budgetary
Institution National Medical Research Cen-
ter of Oncology of the Ministry of Health of
the Russian Federation, ORCID: 0000-0002-
1397-837X, e-mail: rnioi@list.ru; DEMIDOVA
Alexandra Alexandrovna — MD, Associate
Professor, Head of the Department, Rostov
State Medical University, Ministry of Health of
the Russian Federation, ORCID: 0000-0003-
3545-9359, e-mail: alald@inbox.ru@inbox.ru;
KARASENKO Natalia Vasilyevna — Candi-
date of Physical and Mathematical Sciences,
Associate Professor, Rostov State Medical
University, Ministry of Health of the Russian
Federation, ORCID: 0000-0002-7415-9546,
e-mail: karasenko64@mail.ru; ERMILOVA
Maria Viktorovna — doctor, Sechenov First
Moscow State Medical University ORCID:
0009-0006-7638-3097, e-mail: mariaermilo-

va@ya.ru@ya.ru

dennogo: special'nost' 3.1.4. — «Akusherstvo i
ginekologiya»: avtoref. dis. ... d-ra med. nauk.
[Modern technologies for assessing the condition
of the fetus during childbirth. Prediction of fetal
hypoxia and outcome for the newborn: specialty
3.1.4. “Obstetrics and gynecology”: abstract of
the dissertation for the degree of Doctor of Medi-
cal Sciences. M., 2022. 41 p. (In Russ.).]

5. Taranushenko T.E., [et al.] Faktory riska
razvitiya asfiksii pri rozhdenii [Risk factors for the
development of asphyxia at birth]. Medicinskij
sovet [Medical advice. 2022;16(19):21-28 9
(In Russ.).] https://doi.org/10.21518/2079-
701X-2022-16-19-21-28.

6. Addisu D, Asres A, Gedefaw G, Asmer S.
Prevalence of meconium stained amniotic fluid
and its associated factors among women who
gave birth at term in Felege Hiwot comprehensive
specialized referral hospital, North West Ethiopia:
a facility based cross-sectional study. BMC Preg-
nancy Childbirth. 2018 Oct 30;18(1):429. doi:
10.1186/s12884-018-2056-y.

7. Aslam S, Strickland T, Molloy EJ. Neona-
tal Encephalopathy: Need for Recognition of
Multiple Etiologies for Optimal Management.
Front Pediatr. 2019 Apr 16;7:142. doi: 10.3389/
fped.2019.00142.

8. Hussain NM, O'Halloran M, McDermott B,
Elahi MA. Fetal monitoring technologies for the
detection of intrapartum hypoxia - challenges
and opportunities. Biomed Phys Eng Express.

2024;10(2):10.1088/2057-1976/ad17a6.
doi.org/10.1088/2057-1976/ad17a6.

9. Liljestrom L, Wikstrom AK, Jonsson M.
Obstetric emergencies as antecedents to neo-
natal hypoxic ischemic encephalopathy, does
parity matter? Acta Obstet Gynecol Scand.
2018 Nov;97(11):1396-1404. doi: 10.1111/
a0gs.13423.

10. Locatelli A, Lambicchi L, Incerti M, et al. Is
perinatal asphyxia predictable? BMC Pregnancy
Childbirth. 2020 Mar 30;20(1):186. doi: 10.1186/
$12884-020-02876-1.

11. Makarova O., Suplotova L. Monitoring
iodine deficiency in Western Siberia. Thyroid.
2019. Vol. 29, suppl. 1. P. 75. DOI: 10.1089/
thy.2019.29085.abstracts

12. Monfredini C, Cavallin F, Villani PE, et al.
Meconium Aspiration Syndrome: A Narrative Re-
view. Children (Basel). 2021 Mar 17;8(3):230. doi:
10.3390/children8030230.

13. Park J, Park SH, Kim C, et al. Growth
and developmental outcomes of infants with hy-
poxic ischemic encephalopathy. Sci Rep. 2023
Dec 28;13(1):23100. doi: 10.1038/s41598-023-
50187-0

14. Shekari M, Jahromi MS, Ranjbar A, et
al. The incidence and risk factors of meconium
amniotic fluid in singleton pregnancies: an experi-
ence of a tertiary hospital in Iran. BMC Pregnancy
Childbirth. 2022 Dec 12;22(1):930. doi: 10.1186/
$12884-022-05285-8.

https://

M.Yu. Grafskaya, E.V. Verenikina, A.Yu. Maksimoyv,
A.A. Demidova, N.V. Karasenko, M.V. Ermilova

OPTIMIZING EARLY DETECTION
OF UTERINE CANCER IN WOMEN

WITH RISK FACTORS

The article describes the stages of early detection of uterine body cancer in patients with
morbid obesity. It has been proven that genetic testing for oncogenic mutations of endocervical
canal scrapings with a negative cytological conclusion regarding cervical cancer is effective for
subsequent screening of uterine body cancer. In morbid obesity, the diagnostic sensitivity of
mutation screening for uterine body cancer increases when examining endocervical canal scrap-
ings. When oncogenic mutations are detected in samples from the endocervical canal, the next
step is recommended to conduct a cytological examination of endometrial biopsies with sampling

using brush technology.
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Introduction. Among oncogynecolog-
ical diseases, uterine cancer is the most
common in countries with a high level of
economic development and the second
most common worldwide [1]. At the same
time, there is a steady trend of constant
growth in the prevalence of uterine can-
cer in the world, despite the improvement
of the preventive and diagnostic system
for timely detection of endometrial tumor
pathology [4].

Obesity is a recognized risk factor for
uterine cancer. The correlation between
obesity and cancer of the uterine body is
the closest in comparison with malignant
diseases of other localization [2]. Based
on a meta-analysis of thirty randomized
prospective studies, each increase in
body mass index (BMI) by 5 kg/m? is as-
sociated with a 54% increased risk of de-
veloping uterine cancer with a 95% confi-
dence interval of 47 to 61% [7]. Given that



the prevalence of obesity among women
is growing every year everywhere in all
countries, the development of effective
tactics for early detection of uterine can-
cer in women with increased body weight
is an urgent task. In morbid obesity with
a BMI exceeding more than 40 kg/m2,
women, due to psychological problems,
are poorly motivated to regularly visit gy-
necologists, which affects the detection
of more advanced forms of uterine body
cancer in the initial diagnosis of cancer
[8]. In addition, morbid obesity increases
the risk of death of patients with uterine
cancer by 6 times [3]. Therefore, the de-
velopment of methods for early diagnosis
of uterine cancer in women with morbid
obesity is aimed at solving an important
socio-medical problem.

Scraping of the cervical epithelium
and endocervical canal in liquid cytology
is traditionally used to diagnose cervical
cancer. Meanwhile, in the last decade,
the biological material obtained during
the Pap test, in case of a negative result
for cervical cancer, has been used to
diagnose cancer of the uterine body or
ovaries [9]. At the same time, the DNA
concentration of circulating tumor cells,
oncogenic mutations are determined
in endocervical scrapings, and a mass
spectrometric analysis of the protein pro-
file is performed [6,9]. The basis for an
additional search was the results of cy-
tological, histological and molecular ge-
netic studies confirming that in endome-
trial or ovarian cancer, circulating cancer
cells from tumors of other localization are
concentrated in the cervical canal of the
uterus [5].

Since the Pap test during gyneco-
logical examinations is performed much
more often than an aspiration biopsy of
the endometrium, and in liquid cytology,
stabilizing solutions do not destroy cells
and preserve them, the standard tech-
nigue may have a much wider poten-
tial than the traditional format of its use.
Expanding the diagnostic tasks when
using a single biologicalcsubstrate is es-
pecially important for the contingent of
patients who are provoked in relation to
uterine cancer by a risk factor in the form
of morbid obesity and who experience
psychological obstacles to frequent and
thorough examinations by gynecologists.

In connection with the above, the aim
of the work was to develop a step-by-
step complex diagnostic algorithm for
early detection of uterine cancer in pa-
tients with morbid obesity.

Materials and methods. The work
includes the results of the examination
of 378 patients of the main group with
verified uterine body cancer, who were

divided into two subgroups depending on
the presence of morbid obesity. The 1st
subgroup included 103 women with mor-
bid obesity (BMI over 40 kg/m?), and the
2nd subgroup included 275 patients with-
out obesity (BMI from 18,5 to 30 kg/m?).
Cancer of the uterine body was verified
by the results of targeted curettage of the
uterine walls, followed by histological ex-
amination of samples. The control group
included 226 women of similar age, but
without cancer pathology, based on the
results of preventive examinations during
a dispensary examination. The 1st con-
trol subgroup consisted of 47 women with
morbid obesity and the 2nd control sub-
group - 179 patients without obesity.

The criteria for inclusion of patients in
the main group were as follows: newly
diagnosed uterine cancer, endometrial
histological type, collection of diagnostic
material from the endocervical canal and
endometrial biopsy before starting specif-
ic antitumor treatment, BMI in the range
of 18,5-30 kg/m? and more than 40 kg/
m?, written informed consent to inclusion
in the study.

Exclusion criteria: BMI in the range of
30-40 kg /m?, cervical cancer, infection
with human papillomavirus based on the
results of a study of scrapings from the
cervix, tumors of a different localization in
relation to the uterine body, decompensa-
tion of somatic diseases.

During the study, the ethical principles
of the Helsinki Declaration of the World
Medical Association were observed, and
the approval of the Local Ethical Commit-
tee of the Federal State Budgetary Insti-
tution " National Medical Research Cen-
ter of Oncology " of the Ministry of Health
of the Russian Federation was obtained.

The age of women in the 1st main
group was 59,7+0,85 years (range from
32 to 79 years), the 2nd main group —
62,3+0,49 years (range from 29 to 84
years), the 1st control group — 58,6+0,66
years (range from 33 to 76 years) and
the 2nd control group — 59,4+1,12 years
(range 37-78 years). There were no in-
tergroup differences in age between the
groups.

BMI in the 1st main group correspond-
ed to 41,8+1,71 kg/m?, the 2nd main
group — 24,7+1,92 kg/m?, the 1st control
group — 40,941,67 kg/m?, and in the 2nd
control group — 22,3+1,38 kg/m?. In all
patients of the 1st main and 1st control
groups, the presence of insulin resis-
tance syndrome was noted.

In women of the main and control
groups, a sample from the endocervical
canal was obtained using a brush brush
from the Cytoscreen kit (Hospitex, Italy).
The resulting material was stabilized with
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a special solution "Cyto-screen solution”,
the cells were washed off in a shakere,
and the density of the cell suspension
was determined by nephelometry. Cyto-
logical examination of the stained smear
on glass was performed using light mi-
croscopy. Human papillomavirus infec-
tion was determined by immunocyto-
chemical method.

For endometrial sampling Tao, a Tao-
Brush IUMC brush (Cook Medical Inc.,
USA) was used. Previously, the length of
the uterine cavity was determined using
a uterine probe. The limiter was set to the
intended insertion depth and a brush in
a cover was carefully inserted through
the cervix to the level of the uterine floor.
Then the outer shell was pulled back, and
the brush was rotated five times 360°
clockwise and counterclockwise. Next,
the outer cover was returned back to the
brush and the selection device was re-
moved from the uterine cavity. A sample
of endometrial tissue was placed in a sta-
bilizing solution.

DNA was isolated from a buffer with
tissue samples of the endocervical canal
and endometrium, following the manu-
facturer's recommendations, using the
QlAamp DNA micro DNA purification
kit (Qiagen). The quantity and quality of
the isolated DNA were determined, the
samples were stored at a temperature
of -80°C until the implementation of the
laboratory stage. Further, the presence of
oncogenic mutations in the genes AKT1,
APC, BRAF, CDKN2A, CTNNB1, EGFR,
FBXW?7, FGFR2, KRAS, MAPK1, NRAS,
PIK3CA, PIK3R1, POLE, PPP2R1A,
PTEN, RNF43, and TP53 biological sam-
ples of the endocervix and endometrium
was evaluated by three multiplex PCRs
using the SSafe-Sequencing System
(SSE-SeqS) technology. At the same
time, segments with a length from 110 to
142 bp of the studied genes was amplified
using 139 pairs of primers. This approach
made it possible to identify non-overlap-
ping amplicons and detect low-frequency
mutations by assigning a unique identifier
to each matrix molecule. PCR fragments
with the same unique identifier were con-
sidered mutant only if 95% or more con-
tained the same mutation.

The mutation screening test was con-
sidered positive in the study of samples
obtained with the PAP test or the TAO
test if at least one of the genes was found
to have a mutation. In addition, the re-
sults of cytological studies of biological
samples obtained using brush-brush PAP
and Tao were taken into account.

Statistical analysis of the study results
was performed using STATISTICA 12.0
software (StatSoft, USA).
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Results and discussion. In all pa-
tients of the main and control groups, cy-
tological examination of scrapings from
the cervix and endocervical canal tested
negative for detection of cervical cancer
and infection with human papillomavi-
rus. When determining oncogenic muta-
tions in cells concentrated in the endo-
cervical canal, positive results in the 1st
main subgroup were detected in 82,5%
(n=85), and in the 2nd main subgroup in
72,4% (n=199) (Table 1). Consequently,
in patients with verified uterine cancer,
the detection of mutations of genes that
contribute to the development of tumors
in biological samples from the endocer-
vical canal was high. The number of pa-
tients suffering from uterine cancer with
a positive Pap test result for oncogenic
mutations was higher (p=0,042) com-
pared to patients without morbid obesity.
In the control groups of healthy women,
the detection of oncogenic mutations in
endocervical canal scrapings was rare
regardless of the presence of morbid
obesity (Table 1).

The results of cytological examination
of endometrial biopsies revealed uterine
body cancer in the 1st main subgroup in
83,5% (n=86), and in the 2nd main sub-
group in 82,2% (n=86) (Table 2). No in-
tergroup differences were found based
on the results of cytological examination
of endometrial biopsies depending on the
presence of morbid obesity (p=0,76). In
the control group, cytological examina-
tion of endometrial biopsies showed no
positive results, which indicated 100%
specificity of the test (Table 2).

The results of the mutation screening
test in the study of endometrial biopsies
in the 1st main group were similar to the
results of the cytological study. In the 2nd
main subgroup, the results of the genetic
study allowed us to obtain positive results
regarding the detection of uterine cancer
in an additional 10 women compared to
the cytological conclusion (Table 3).

Table 1

Number of patients with positive and negative results of the test for mutational
screening of uterine cancer in the study of endocervical canal scrapings
in clinical groups

Group Mutag§§$ rsetening Main Group (UC) |Control group (healthy)
Positive 85 4
! SHB[%()MP Negative 18 43
Total 103 47
Positive 199 7
z(igbl\g,fg‘)‘p Negative 76 172
Total 275 179

Note: UC -uterine cancer, MO - morbid obesity

Table 2

Number of patients with positive and negative results of detection of uterine cancer
in cytological studies and endometrial biopsies in clinical groups

Group TAO Test Main Group (UC) | Control group (healthy)
Positive 86 0
! SFIBI%())UP Negative 17 47
Total 103 47
Positive 226 0
2 (il(l)blf\;/f(o_)l;p Negative 49 179
Total 275 179

Table 3

Number of patients with positive and negative results of the mutation screening test
in the study of endometrial biopsies in clinical groups

Group Muta};lgr?sj;erzte:ning Mal(rb(élioup Control group (healthy)
Positive 88 0
! S](JISI%())UP Negative 15 47
Total 103 47
Positive 236 0
2&%"5{8;1’ Negative 39 179
Total 275 179

Table 4

Informative value of mutational screening of uterine cancer in the study of endocervical canal scrapings and endometrial biopsies

PAP test TAO test
Mutation screening Mutation screening
Test Parameters
1 main subgroup | 2 main subgroup | 1 main subgroup | 2 main subgroup

(UC+MO) (UO) (UC+MO) (Uo)

Diagnostic sensitivity, % 82,5 72,4 85,4 85,8
Diagnostic specificity, % 91,5 96,1 100,0 100,0
Diagnostic accuracy, % 85,3 81,7 90,0 91,4
AUC 0,870 0,842 0,927 0,929
Positive predictive value, % 95,5 96,6 100,0 100,0
Negative predictive value, % 70,5 69,4 75,8 82,1

Note: UC — uterine cancer, MO - morbid obesity, AUC — area under the ROC curve



The informative value of the test for
mutational screening of uterine cancer in
the study of endocervical canal samples
and endometrial biopsies is presented in
Table 4.

Of course, diagnostic accuracy in de-
tecting uterine cancer was higher when
cytological and genetic studies of endo-
metrial biopsies were performed simulta-
neously (90% in the 1st main subgroup
and 91,4% in the 2nd main subgroup).
However, it should be noted that the ef-
fectiveness of genetic testing for onco-
genic mutations in endocervical canal
samples in detecting uterine cancer was
high (in the 1st main subgroup 85,3%
and in the 2nd main subgroup 81,7%).
This circumstance allows us to recom-
mend conducting a genetic study of the
substrate obtained during the Pap test
to detect cancer of the uterine body. Ad-
ditional mutational screening after liquid
Pap cytology using cervical scrapings is
particularly important in women who are
compromised for risk factors, including
morbide obesity. After detection of on-
cogenic mutations in the endocervical
scraping, the next step is to conduct cyto-
logical examination of endometrial biop-
sies obtained using a brush-brush Tao.
Additional genetic testing of endometri-
al biopsies after receiving a cytological
conclusion does not increase diagnostic

efficiency, so its implementation is not
economically justified.

Conclusions

1. In morbid obesity, the diagnostic
sensitivity of mutational screening for en-
dometrial cancer using endocervical ca-
nal scrapings is higher than in non-obese
patients (82,5% versus 72,4%, p=0,042),
which should be taken into account when
organizing a step-by-step examination of
women.

2. In case of a negative cytologi-
cal conclusion regarding cervical cancer
in patients with morbid obesity, the next
recommended step is screening for en-
dometrial cancer using genetic testing of
endocervical canal scrapings for onco-
genic mutations.

3. In case of detection of onco-
genic mutations in endocervical canal
samples, a cytological examination of
endometrial biopsies taken using brush
technology is indicated as a further step
in diagnosing endometrial cancer.

4. The developed step-by-step
complex diagnostic algorithm is effec-
tive for the early detection of endometrial
cancer in patients with morbid obesity.
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Introduction. Marfan  syndrome
(OMIM # 154700) is an autosomal dom-
inant connective tissue disease with a
prevalence of 1:5000 [2] in the popu-
lation, based on mutations in the FBN1
gene encoding fibrillin-1, a component of
the extracellular matrix. A distinctive fea-
ture of Marfan syndrome is the marked
variability of clinical manifestations.

Since the discovery of the FBN1 gene
in 1991 [5], studies have been conducted
on laboratory animals with Marfan syn-
drome to study the influence of the type
of FBN1 gene mutation on clinical man-
ifestations. In mouse models with LoF
(loss of function) mutations, pronounced
aortic and skeletal damage was proved
[8]. Myxomatous thickening of atrioven-
tricular heart valves was detected in mice
with missense mutations [7]. The expla-
nation for the variability of symptoms in
mice with different types of FBN1 gene
mutations was differently changed activ-
ity of TGFB (transforming growth factor
B) signaling pathway, which is one of the
main pathogenetic mechanisms of com-
plications in Marfan syndrome [4-6]. In
laboratory animals, mice with LoF mu-
tations have been shown to have more
altered TGFB signaling pathway activity
than missense mutations, resulting in
variable clinical manifestations.

In the last decade of the XXI centu-
ry, studies of the effects of the type and

localization of the FBN1 gene mutation
were conducted on large groups of pa-
tients with Marfan syndrome of different
ages. It has been confirmed that LoF
mutations have a greater impact on the
aorta than missense mutations [1-3], in-
cluding a larger average diameter of the
aortic root, a higher risk of aortic dissec-
tion or the need for surgical intervention.
Also, patients with LoF mutations, in
contrast to patients with missense muta-
tions, were found to have taller stature,
more severe arachnodactyly and doli-
chostenomelia, and a higher incidence of
thoracic and high palate deformities [1-
3]. At the same time, patients with Mar-
fan syndrome with missense mutations
had a higher incidence of lens ectopia
[3]. Moreover, it was proved that patients
with Marfan syndrome with missense
mutations with cysteine loss, in contrast
to patients with missense mutations with-
out cysteine involvement, had larger aor-
tic dimensions and a higher incidence of
arachnodactyly [3].

In addition to the type of FBN1 gene
mutation, the relationship between the
localization of FBN71 mutation and clin-
ical symptoms in Marfan syndrome has
been studied. By now it has been proved
that localization of FBN1 gene mutation
in exons 24-32 leads to especially severe
clinical manifestations. The presence of
a missense mutation with cysteine loss in



these exons aggravates the course of the
disease with a higher frequency of surgi-
cal interventions on the aortic and mitral
heart valves, a higher frequency of sur-
gical correction of the visual organ, and
more pronounced skeletal deformities
[1-3]. The influence of other localizations
of FBN1 gene mutations has not been
proven yet.

Thus, the study of the influence of
the type and position of the FBN1 gene
mutation on the severity and spectrum
of clinical manifestations in Marfan syn-
drome contributes to a better under-
standing of the pathogenesis of the dis-
ease and, consequently, to the search
for new targets for therapy. This study
makes it possible to determine the cri-
teria of prognosis of the course of the
disease, which is especially important in
children. Reasoned planning of targeted
dispensary monitoring of sick children will
ensure early diagnosis of emerging com-
plications and their timely treatment.

The aim of this study was to de-
termine the association of the type and
localization of the FBN1 gene mutation
with the severity of clinical manifestations
of Marfan syndrome in a Russian cohort
of children.

Patients and methods. Patient co-
hort. From October 2021 to December
2023, 72 children, aged 0 to 18 years,
with clinical signs of Marfan syndrome
were consecutively hospitalized at the
Clinical Genetics Department of the
Veltischev Institute. All children were
evaluated using the revised Ghent crite-
ria [10]. Marfan syndrome was confirmed
in 72 children. The mean age in the group
was 12 years; 35 girls and 37 boys were
included in the study.

Clinical research methods. All pa-
tients had a thorough history of the dis-
ease, in particular, the age of onset of
organ system lesions characteristic of
Marfan syndrome. All children underwent
a physical examination with calculation
of the connective tissue systemic lesion
score [10]. According to the Ghent cri-
teria, a score of =7 is diagnostically sig-
nificant and belongs to the large Ghent
criteria.

Functional studies of the cardio-
vascular system. All children underwent
transthoracic  echocardiography  with
evaluation of cardiac and vascular anat-
omy with calculation of the Z criterion for
aortic root dimensions.

Molecular genetic study. Molecular
genetic study was performed on all 72
(100%) children. Full genome sequenc-
ing in Evogen laboratory, thanks to the
financial support of the Genome of Life
charitable foundation, was performed

n=25 (32%) in the group. Full-exome se-
quencing was performed n=10 (14%) in
the group. Study of a panel of 166 genes
responsible for bone pathology - n=29
(43%) in the laboratory of the Medical
and Genetic Research Center named
after Academician N.P. Bochkov. Target
sequencing of FBN1 gene - n=8 (11%) in
the group.

Statistical analysis. Statistical analy-
sis of the data was performed using IBM
SPSS Statistics 26.0 program.

Results. Molecular genetic study re-
vealed LoF mutations in 42 (58%) chil-
dren, which included large deletions, in-
cluding complete absence of FBN1 gene,
splice site mutations, frameshift muta-
tions, nonsense mutations. Missense
mutations were identified in 30 (42%)
children, among which: 14 with cysteine
loss and 16 without cysteine involvement.
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Depending on the localization of the
FBN1 gene mutation, children were di-
vided into 5 groups: 1) group of children
with mutations in exons 1 through 10,
total - 11 (15%) children, including: with
LoF mutations - 4(36%), with missense
mutations - 7(64%); 2) group of children
with mutations in exons 11 through 20,
total in the group - 14 (19%) children,
of which with LoF mutations - 8 (57%),
with missense mutations - 6 (43%); 3) a
group of children with mutations in ex-
ons 21 through 35, total in the group - 10
(14%) children, among which with LoF
mutations - 5 (50%), with missense muta-
tions - 5 (60%); 4) group of children with
mutations in exons 36 through 50, total
in the group - 18 (25%) children, among
them with LoF mutations - 12(67%), with
missense mutations - 6(33%); 5) group
of children with mutations in exons 51

The debut of spinal deformity in missense
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Fig. 1. Statistically significant differences between the compared groups regarding the debuts
of clinical features: 1A - comparison of children with missense and LoF mutations by age of foot
deformity debut; 1B - comparison of children with missense mutations with and without cysteine
loss by age of spinal deformity debut; 1C and 1D - comparison of children with mutations in ex-
ons 1-10 with the rest of the children by time of spinal (1C) and thoracic (1D) deformity debuts;
1E - comparison of children with mutations in exons 11-20 with the rest of the children by time of
debut of lens ectopia; 1F- comparison of children with mutations in exons 21-35 with the rest of
the children by age of debut of spinal deformity.
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through 66, total in the group - 19 (26%)
children, among them with LoF mutations
- 13(68%), with missense mutations -
6(32%) children.

To determine the influence of mutation
type and localization on the spectrum of
clinical manifestations in children with
Marfan syndrome, we compared groups
of 1) children with LoF and missense mu-
tations, 2) children with missense muta-
tions with and without cysteine loss, and
3) groups of children formed according
to the localization of the mutation in the
FBN1 gene.

Study of the age of debut of clinical
manifestations in different FBN1 gene
mutations. Regarding the debut of clin-
ical signs, it was revealed that children
with LoF mutations, in contrast to chil-
dren with missense mutations, have sig-
nificantly earlier onset of foot deformities
(up to 3 years of age) (p=0.027) (Figure
1A); children with missense mutations
with cysteine loss, in contrast to children
with missense mutations without cys-
teine involvement, have earlier onset of
spinal deformities (up to 6 years of age)
(p=0.023) (Figure 1B). Children with mu-
tations in exons 1-10 show earlier defor-
mities of both feet (up to 3 years of age)
(p=0.016) (Figure 1C) and chest (up to 5
years of age) (p=0.036) (Figure 1D); chil-
dren with mutations in exons 11-20 man-
ifest lens ectopia earlier than others (up
to 5 years of age) (p=0,034) (Figure 1E);
with mutations in exons 21-35, spinal de-
formity is detected earlier than others (up
to 6 years of age) (p=0,02) (Figure 1F).

Study of the severity of clinical man-
ifestations in different FBN1 gene mu-
tations. When examining the severity
of cardiovascular damage, it was found
that children with LoF mutations had
larger aortic root sizes compared to chil-
dren with missense mutations (p=0.003)
(Figure 2A), and were significantly more
likely to have aortic dilatation (Z-criterion
for aortic size 23) (p=0.02). Children with
missense mutations with cysteine loss
had larger aortic root size compared to
children with missense mutations without
cysteine involvement (p=0.046) (Figure
2B). Children with mutations in exons 11-
20 were less likely than others to have
aortic dilatation (p=0.035). A negative ef-
fect of missense mutations was revealed
in the form of greater mitral valve dam-
age (p=0.04).

Regarding the severity of skeletal le-
sions, it was shown that children with
LoF mutations more often than those
with missense mutations had foot de-
formities (p=0.01), keeled chest defor-
mity (p=0.004), and more pronounced
dolichostenomelia  (p=0.023) (Figure
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Fig. 2. Statistically significant differences between the compared groups with respect to clinical
features: 2A, comparison of children with missense and LoF mutations with respect to aortic
size at the level of Valsalva sinuses; 2B, comparison of children with missense mutations with
and without loss of cysteine with respect to aortic size at the level of Valsalva sinuses; 2C,
comparison of children with missense and LoF mutations with respect to dolichostenomelia; 2D,
comparison of children with mutations in exons 11-20 with the rest of the children with respect

to dolichostenomelia.

2C). Children with mutations in exons
11-20 showed less pronounced doli-
chostenomelia (p=0.041) (Figure 2D).

With regard to vision, it was found
that: children with missense mutations
were significantly more likely than those
with LoF mutations to have lens ectopia
(p=0.006); children with LoF mutations
were more likely than those with mis-
sense mutations to have severe myopia
(p=0.001). Children with mutations in
exons 51-66 had lens ectopia less often
than the others (p=0.001).

Discussion of the results. The study
yields both new correlations and confir-
mation of previously found correlations.

In the present study, children with LoF
mutations have been shown to have larg-
er aortic dimensions and greater skele-
tal damage than children with missense
mutations. From the pathogenetic point
of view, the relationship between this
spectrum of clinical manifestations and
LoF mutations can be explained by ex-
trapolating the results of studies of mice
with Marfan syndrome, which showed
that the activity of TGF signaling path-
way is more altered in LoF mutations
than in missense mutations [4,7]. In con-
trast, lens ectopia is more common in
missense mutations, according to the re-
sults of this study. It is known that the cin-
nova ligament, which anchors the lens,
consists only of fibrillin microfibrils. In

missense mutations, defective fibrillin-1
is synthesized, which leads to the forma-
tion of a failed cinnova ligament, resulting
in lens ectopia. Consequently, impaired
structural function of fibrillin-1 underlies
this manifestation.

In addition to a better understanding
of the pathogenesis of Marfan syndrome,
the correlations identified may help to
shape the prognosis of the disease.
Thus, according to the results of our
study, children with LoF mutations have
an earlier debut and frequency of foot
deformities and larger aortic dimensions.
Given that skeletal signs manifest earlier
than cardiovascular manifestations [9],
children with early manifestation of foot
deformity (before 3 years of age) and
suspected Marfan syndrome should be
recommended to be seen by a pediatric
cardiologist as early as possible without
waiting for the results of molecular ge-
netic testing. Similarly, children with early
onset of spinal deformity (before 6 years
of age) and suspected Marfan syndrome
should be recommended for pediatric
cardiology follow-up, as early spinal cord
involvement is characteristic of children
with missense mutations with cysteine
loss, who also have greater aortic in-
volvement than children with missense
mutations without cysteine involvement.

The correlations between the debut
and the spectrum of clinical signs with



the localization of the FBN1 gene muta-
tion identified in this study can also help
in planning the dispensary follow-up of
children with Marfan syndrome. For ex-
ample, children with mutations in exons
1-10 should be monitored by an ortho-
pedic traumatologist for foot and thoracic
deformities, and children with mutations
in exons 21-35 should be monitored for
spinal deformities. Earlier observation by
an ophthalmologist is recommended for
children with mutations in exons 11-20
due to the risk of lens ectopia.
Conclusion. The study of the influ-
ence of the type and localization of the
FBN1 gene mutation on the severity
and spectrum of clinical manifestations
in Marfan syndrome may contribute to a
better understanding of the pathogenesis
of this disease, the formation of prog-
nosis of its course and planning of dis-
pensary follow-up. In the present study,
for the first time in a Russian cohort of
children with Marfan syndrome, the influ-
ence of the type and localization of the
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FBN1 gene mutation on the clinical man-
ifestations of the cardiovascular, ocular,
and skeletal systems was proved. Fur-
ther study of the influence of the patients'
genotype on other organ systems in this
disease is planned.
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INFLUENCE OF UTERINE FIBROID

ON UTERINE BLOOD FLOW, MENSTRUAL
FUNCTION AND FEATURES

OF REPRODUCTIVE HEALTH DISORDERS

IN WOMEN

The study was conducted on women aged 18-45 years old with uterine fibroids and impaired reproductive function. In patients with uterine
fibroids, menarche began at an earlier age and cyclic bleeding was more often observed, causing posthemorrhagic anemia. Reproductive function
disorders were caused by infertility and miscarriages. Indicators of S/D, RI, PI of the uterine artery in the presence of fibroids were lower than in
the group of healthy women. In group |, primary infertility predominated, and in group |l, secondary infertility prevailed. Thus, risk factors for re-
productive potential in women with uterine fibroids have been studied, early diagnosis has been established, and it has been determined that it is

important to choose adequate treatment tactics to achieve the realization of reproductive desires.
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Introduction. Uterine fibroids are
among the most common benign tumors
affecting the female reproductive sys-
tem. The detection rate of uterine fibroids
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in women reaches 60% by age 35 and
more than 80% by age 50 [13]. The pres-
ence of myomatous nodes adversely af-
fects the reproductive function of women
and negatively affects the somatic health
of patients and their quality of life [1].
In addition, risk factors for the develop-
ment of uterine fibroids include race and
ethnicity, family history, early menarche
and late menopause, obesity, stress, hy-
pertension, exposure to environmental

toxins, and vitamin D deficiency [7,9].
Most women with uterine fibroids do not
have any special complaints, but a third
of patients experience serious symptoms
such as uterine bleeding with secondary
anemia, pelvic pain, infertility and recur-
rent miscarriages [8]. Ultrasonography,
preferably transvaginal, is the first-line
method for diagnosing uterine fibroids
[5]. Approximately 60% of patients with
uterine fibroids experience clinical mani-
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festations of the disease, which depend
on the location and size of the fibroids [1].
Uterine fibroids, depending on their loca-
tion in the uterus, cause habitual miscar-
riages and infertility [6]. Infertility, both
primary and secondary, is a common
occurrence with this disease. According
to research, the incidence of uterine fi-
broids in women of reproductive age is
up to 40%, and infertility associated with
uterine fibroids occurs in 5-10% of wom-
en [12]. Several mechanisms have been
proposed to explain the negative impact
of uterine fibroids on fertility, including in-
creased uterine motility, neuroendocrine
action of the uterine fibroid pseudocap-
sule, and changes in the expression of
genes involved in endometrial receptivity
[3]. A growing number of studies highlight
the possible negative impact of uterine
fibroids on fertility and reproductive out-
comes. It is generally accepted that the
closer the myoma is to the uterine cav-
ity and the endometrium, the more it can
negatively affect fertility, reducing the
chances of successful implantation and
pregnancy [4]. It is advisable to perform
myomectomy before planning pregnancy,
and conservative treatment carried out
at the stage of preoperative preparation
and in the postoperative period is effec-
tive and helps to preserve and improve
fertility [2].

Purpose: to study the features of re-
productive potential disorders in patients
with uterine fibroids, to promote the effec-
tiveness of its optimal restoration.

Materials and methods. The study
included women with benign diseases
of the uterus and reproductive disorders
who applied to the Maternity Hospital No.
5 named after Shamama Alaskarova, the
Clinical Medical Center and the antena-
tal clinic of the Maternity Hospital No.
5 to receive medical services in 2017-
2022. Uterine fibroids were identified in
96 women out of 200 such patients aged
18-45 years. They were divided into two
groups: | — with the presence of isolated
uterine fibroids (68 women) and Il — with
myomatous nodes in association with
such benign uterine pathologies as ad-
enomyosis, hyperplasia and endometrial
polyps (28 women). The control group in-
cluded 50 practically healthy women.

In the process of a comprehensive ex-
amination, along with clinical and anam-
nestic methods, instrumental research
methods were used. The medical history
of each patient was obtained by interview
using a structured questionnaire. All
women included in the study underwent
ultrasound examination (transvaginal)
and Doppler ultrasound of the uterine ar-
teries in the first phase of the menstrual
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cycle. Using transvaginal ultrasound, the
size of the uterus, the number, size and
location of myomatous nodes, as well as
the resistance index (RI), pulsation index
(PI), and systole-diastolic ratio (S/D) in
the uterine arteries were assessed.

Quantitative and qualitative data were
subjected to statistical processing using
the methods of variational (Student-Bon-
ferroni t-test and Mann-Whitney U-test)
and discriminant (Pearson Chi-Square
test) analyzes in the statistical package
SPSS-26. The null hypothesis was re-
jected at the P < 0.05 level.

Results and discussion. In our
prospective study, the average age of

patients with uterine fibroids and repro-
ductive dysfunction was 32.1+0.5 and
32.3+0.5, and in the control group —
31.7+0.7. The initial diagnosis of uterine
fibroids was made using transvaginal ul-
trasound examination in the first phase of
the menstrual cycle. Ultrasound exami-
nation determined the location, nature,
quantity and size of uterine fibroids and
myomatous nodes (Figure).

The average size of various myoma-
tous nodes located in the uterus in group
| was 60.4+2.9x58.7+2.4, and in group Il
was 52.0+4.4x51.2+4.0.

In group |, menarche began on
average at 12.9+0.1 vyears, that is,

Table 1

Characteristics of reproductive disorders and pregnancy complications in women
with uterine fibroids

Indicators group I group II P
n % n %
e primary 27 39.7 8 29.6 _
Infertility sccondary | 14 | 206 | 11 | 407 | D 0104
2 years 3 7.3 0 0.0
Duration infertility 3-5 years 20 48.8 5 26.3 | P =0.023*
>5 years 18 43.9 14 73.7
weren't 34 50.0 17 63.0
Spontaneous miscarriages carly 27 39.7 7 25.0 P =0.256
late 7 10.3 3 10.7
. wasn't 48 70.6 21 77.8 _
Non-developing pregnancy was 20 204 G 72 P =0.481
. . weren't 42 61.8 19 70.4 _
Recurrent miscarriages were 2 382 3 20.6 P =0.432
. weren't 47 69.1 21 77.8 _
Premature birth were 3 309 G 72 P, =0.401

Note: the statistical significance of the difference between indicators: PI — group with isolated
uterine myoma (I) according to Wilcoxon (Mann-Whitney); PII — groups with myoma of the
uterus in combination with one of the other benign pathologies of the uterus (II) according to
Wilcoxon (Mann-Whitney). * — «O»- the hypothesis is rejected (p < 0.05).
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Table 2

Indicators of blood flow in the uterine arteries, revealed by dopplerometry

Indicators groups N M +m Me Q1 Q3 P P,

control 50 5.76 0.19 5.62 4.94 6.32

S/D - right group [ 68 4.26 0.13 4.25 3.47 4.95 <0.001*
group 11 27 4.69 0.16 4.75 4.18 5.43 <0.001%* 0.017*
control 50 6.29 0.20 6.02 5.23 7.24

S/D - left group | 68 4.62 0.11 4.58 4.10 5.13 <0.001*
group 11 27 4.80 0.13 4.85 4.28 5.11 <0.001%* 0.271
control 50 0.818 0.007 0.820 0.800 0.840

RI- right group [ 68 0.752 0.007 0.765 0.710 0.800 <0.001*
group II 27 0.786 0.007 0.790 0.770 0.820 <0.001* 0.005*
control 50 0.834 0.005 0.835 0.810 0.860

RI- left group | 68 0.773 0.006 0.780 0.755 0.800 <0.001*
group II 27 0.785 0.006 0.790 0.770 0.800 <0.001* 0.382
control 50 2.17 0.05 2.20 1.89 2.36

PI- right group | 68 1.69 0.03 1.71 1.64 1.82 <0.001*
group 11 27 1.76 0.06 1.72 1.68 1.85 <0.001* <0.001*
control 50 2.35 0.06 2.33 1.96 2.68

PI- left group [ 68 1.79 0.02 1.77 0.69 1.92 <0.001*
group 11 27 1.86 0.06 1.78 1.72 1.83 <0.001* <0.001*

Note: the statistical significance of the difference according to Wilcoxon (Mann-Whitney) with indicators: Px — control group (K) according
to Wilcoxon (Mann-Whitney); PI — group with isolated uterine myoma (I) according to Wilcoxon (Mann-Whitney); * — “0” hypothesis is

rejected (p < 0.05)

earlier than in other groups. In group II,
menarche began on average at 13.4+0.1
and in the control group at 13.0+0.1, the
difference between the control with the
first and control with the second groups
was p=0.006* and p=0.030%, respectively.
On average, the duration of menstruation
lasted 8.0+0.3 days in group |, 7.4+0.4
days in group Il and 5.7+0.1 days in the
control group (P<0.001*). Among men-
strual cycle disorders, menorrhagia pre-
vailed over other disorders in both groups
with uterine fibroids and was observed in
51.5% of patients in group | and in 70.4%
of patients in group Il. Metrorrhagia was
observed in 36.8% of patients in group |
and in 25.9% of patients in group II, and
dysmenorrhea was observed more often
in group | (30.9% and 14.8%, respec-
tively). Posthemorrhagic anemia was
observed in both groups with uterine fi-
broids. Thus, first degree anemia was
detected in 57.4% of patients in group |,
in 44.4% of patients in group Il, second
degree anemia - in 14.7% of patients in
group |, in 11.1% of patients in group II,
and third degree anemia - in 2.9% of pa-
tients in group | and 11.2% in group Il
As can be seen from the table, in the
group with isolated uterine myomas,
compared to group Il, such obstetric
complications leading to impaired re-
productive potential prevailed, such as
spontaneous abortions, non-developing
pregnancy and premature birth, but no

significant difference between the groups
was revealed (Table 1). At the same time,
55.9% of women with uterine fibroids did
not develop complications during preg-
nancy and childbirth.

To clarify the role of blood supply to
the uterus in patients with uterine fibroids,
spectral dopplerometry was performed in
the uterine arteries. Basically, they com-
pared indicators such as resistance index
(RI), pulsation index (Pl), and systolic-
diastolic ratio (S/D). Table 2 shows the
results of spectral dopplerometry of the
uterine arteries, which may be related to
the identified disorders of the reproduc-
tive potential.

There was no significant difference
in age between groups in our study.
In most patients with uterine fibroids,
menarche began at an early age, and
menstrual irregularities in the form of
menometrorrhagia were observed,
causing posthemorrhagic anemia. Ac-
cording to the studies conducted previ-
ously [5] and our study, menstrual dys-
function was mostly observed as men-
orrhagia. Although most uterine fibroids
are asymptomatic, their location and size
can affect pregnancy and childbirth [15].
Submucosal, intramural and subserosal
fibroids have different effects on fertility
and are mainly associated with submu-
cosal lesions leading to implantation de-
fects [14]. Failure to realize reproductive
desire was more often observed in wom-

en with intramural myomatous nodes that
deform the uterine cavity and submu-
cosal uterine fibroids. During our study,
in patients with uterine fibroids, primary
infertility prevailed in group |, second-
ary infertility prevailed in group Il, and
the duration of infertility was 3-5 years in
group |, and more than 5 years in group
Il. This difference between the results
of the duration of infertility is associated
with the deeper influence of combined
pathology on reproductive dysfunction
in group Il. It should be emphasized that
uterine fibroids affect not only fertility, but
also pregnancy outcomes [12]. Thus, in
our study, pregnancy complications were
more common in patients with uterine fi-
broids, such as early and recurrent mis-
carriages, as well as premature birth.
When Doppler monitoring of blood flow
in the uterine arteries was performed in
patients with uterine fibroids and repro-
ductive disorders, a significant change in
Doppler parameters was observed com-
pared to healthy women. According to a
previous study, increasing uterine volume
increases blood flow and decreases Dop-
pler readings due to decreased vascular
resistance [11]. These data correspond
to the results of our study, where in both
groups with uterine fibroids and repro-
ductive dysfunction, Dopplerographic
indicators of the uterine arteries - IR, PI
and S/D - were lower than in healthy pa-
tients. Thus, the effect of uterine fibroids
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on the blood supply to the uterus is char-
acterized by a change in the established
Doppler parameters.

Conclusions:

- in women with uterine fibroids,
menarche began at an early age, and
menorrhagic disturbances of menstrual
function were more often observed,
causing posthemorrhagic anemia;

- the clinical course of the dis-
ease in women with uterine fibroids de-
pends not on the patient’s age, but on the
number, size and location of myomatous
nodes;

- in patients with isolated uterine
fibroids, primary infertility prevailed;

- secondary infertility and dura-
tion of infertility prevailed in patients in
whom fibroids were found along with
other benign diseases of the uterus;

- in patients with uterine fibroids,
early, recurrent miscarriages and prema-
ture births were more common;

- with Doppler ultrasound of the
uterine artery, IR, Pl and S/D indicators
in women with uterine fibroids were lower
than in healthy patients;

In the end, we can conclude that time-
ly assessment of clinical symptoms and
early diagnosis in women with uterine
fibroids can become the basis for patho-
genetically based treatment, which can
lead to improving women'’s lives, restor-
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CHARACTERISTICS OF METABOLIC
INDICATORS OF BODY STUDENTS DOING

BOXING

The assessment of metabolic parameters in students engaged in boxing at the training stage
was carried out. According to the results of the study, normal functional parameters of the body,
BMI, and satisfactory AP were established. According to biochemical parameters, the group of
athletes showed an excess of the range of normal values of CK, HDL, a decrease in LDL and the
de Ritis coefficient (CDR), in the beginner group — an increase in CDR and a decrease in VLDL.
Significant differences between the groups were found in the values of TG, VLDL (p<0.005),
HDL glucose and KA (p<0.05). Conclusion. The athletes showed metabolic indicators indicating
formed adaptive and metabolic changes to training loads in comparison with the beginner group.
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Introduction. Each meal supplies
our metabolic pathways with new
metabolites, but nothing changes the
rate of metabolic reactions as much
as intense exercise [18]. The three

main pathways of metabolism — energy
metabolism, anabolism, and catabolism
— are profoundly altered in response to
exercise [20]. Studies of biochemical pa-
rameters in blood serum and functional



systems of the body provide insight into
the development of adaptation, the lev-
el of exposure to a stress factor and the
degree of recovery of the body during
intense physical activity [5, 19]. Under-
standing by coaches and scientists of the
physiological adaptation of martial arts
athletes can provide valuable information
for adjusting training programs that help
improve the performance of athletes [17].

The purpose of the study: to char-
acterize the metabolic parameters of
the body of students engaged in boxing
during the training period.

Materials and methods of research.
36 young men of the NEFU named after
M.K. Ammosov of indigenous nationality
who are engaged in boxing at the train-
ing stage (average age 20.5 (19.25; 23)
years) were examined. 23 of them had a
sports category or the title of KMS and
MC (athletes), 13 had been engaged
in boxing for more than 1 year, had no
sports category (beginners). The study
was conducted in compliance with the
ethical medical and biological require-
ments set out in the Helsinki Declara-
tion. Determination of biochemical pa-
rameters (aspartate aminotransferase
(AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), creatine
phosphokinase (CK), alkaline phospha-
tase (ALP), gamma-glutamyltransferase
(GGT), glucose, total cholesterol (TCH),
HDL cholesterol, LDL cholesterol, VLDL
cholesterol, triglycerides (TG), uric acid
(MC), urea, creatinine, total protein, and
albumin were measured in blood serum
using a Labio — 200 biochemical analyz-
er. Blood sampling was performed from
8 a.m. to 10 a.m. from the ulnar vein,
after a 12-hour abstinence from eating.
The following indicators were calculat-
ed: the de Ritis coefficient (CDR=AST/
ALT), the index of muscle tissue damage
according to the formula (MDI=CK/AST)
and the coefficient of atherogenicity (KA=
(TH —HDL)/HDL). The anthropometric
measurement of body length (P, cm) was
performed using a height meter and body
weight (MT, kg) on an electronic scale
(Massa-K, Russia). The body mass index
was calculated using the formula: BMI
= weight (kg)/height 2 (m?). Blood pres-
sure was measured in a state of relative
muscle rest on the right arm in a sitting
position after a 5-minute rest using an
automatic blood pressure monitor PRO-
33 with the recording of the average
value of 3 measurements. The adaptive
potential (AP) was calculated according
to the formula of R.M. Baevsky (1987):
AP=0.011*HR+0.014*SBP+0.008*DBP+
0.009*MT-0.009*H+0.014*A-0.27, where
HR is the heart rate at relative rest, SAD

is systolic pressure (mmHg), DBP-dia-
stolic pressure (mmHg),H-height (cm),
MT-body weight (kg), A-age (years). In-
terpretation: below 2.60-satisfactory ad-
aptation, 2.60-3.09-tension of adaptation
mechanisms,  3.10-3.49-unsatisfactory
adaptation, 3.50 or more-failure of ad-
aptation. The results of the study were
processed using the IBM SPSS Statis-
tics 22.0 program. Statistical hypotheses
about the distribution law of a normal
population and the parameters of a nor-
mal distribution were tested using the
Kolmogorov-Smirnov and Shapiro-Wilk
criteria. The analysis data is presented in
the table as Me (median) and the inter-
quartile range of the first (Q1) and third
(Q3) quartiles (quartiles 25 and 75%).
The statistical significance of the data ob-
tained was checked using the nonpara-
metric Mann-Whitney criterion (U). The
results were considered statistically sig-
nificant when the achieved significance
level was p<0.05.

Results and discussion. According
to the results of the study, SBP, DBP,
heart rate, and calculated BMI in both
compared groups were in the range of
normal values (systolic pressure less
than 120 mmHg and diastolic pressure
less than 80 mmHg [11], heart rate 60-80
beats per minute according to WHO, BMI
within -18.5-25 kg/m?) (Table 1). It has
been established that physical activity
has a positive effect on the cardiovascu-
lar system of athletes as a result of the
adaptive response of the myocardium [9].
There was a significant decrease in blood
pressure during all types of training [14].
At the same time, athletes of various qual-
ifications had SBP and heart rate above
normal values; DBP above normal values
was noted in athletes of speed-power and
jet-power sports [9]. It was shown that the
proportion of athletes with an increased
blood pressure response increased with
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age. According to some authors, in com-
petitive athletes, during physical activity
testing, an increased blood pressure re-
action was diagnosed in 6.8% -19.6% of
athletes without known hypertension [16].

The AP value makes it possible to as-
sess the level of physical fitness, as well
as the functional maturity of hormonal
and vegetative links in the regulation of
homeostasis [4]. Among the students we
examined, the median values of adap-
tive potential were satisfactory in both
groups compared — 2.05 (1.9; 2.3) and
2.0 (1.87; 2.15). It has been shown that
positive adaptive changes occur due to
the stressful effects of physical exertion
during the training process [1]. The ob-
tained functional indicators (SAD, DBP,
HR), BMI and AP of the examined con-
tingent, corresponding to normal values,
are most likely related to the study during
the training period. It is believed that the
signs of the development of adaptation or
disadaptation during physical exertion in
athletes and non-athletes may be meta-
bolic features [8].

Numerous studies have proven that
blood counts can serve as markers of the
metabolic response to physical activity in
professional and non-professional ath-
letes and assess the level of metabolic
potential [15]. During the study of bio-
chemical parameters of blood serum in
the group of athletes, an excess of the
range of normal values of CK, HDL, a
decrease in LDL and CDR values was
found, in the group of beginners — an
increase in CDR (AST/ALT) and a de-
crease in VLDL values (Table 2). Signif-
icant differences in TG and VLDL val-
ues were found between the compared
groups (p<0.001), glucose, HDL, and KA
(p<0.05). The urea value was also found
at the lower limit of the reference values
for beginners (2.6 (1.79; 3.53)) and not
high for athletes (3.17 (2.51; 4.33)).

Table 1

The average values of age, length and body weight, SBP, DBP, heart rate, BMI and AP
in the compared groups (Iu (Q25; Q75))

Indicator The Athletes (n=23) Beginners (n=13) p
Age, years 20.5(19; 23) 20 (18.75; 21.5) 0.987
Height, m 174.25 (171.75; 176.78) | 178.15 (173.45; 180.78) 0.348
Body weight, kg 64.725 (59.3; 72.25) 72.5 (68.35; 78.05) 0.531
SBP, mmHg 116 (112; 127) 117 (108.75; 130) 0.608
DBP, mmHg. 70.5 (64.75; 74) 73.5 (65.75; 75.25) 0.087
Heart rﬁfi%utigats per 61.5 (56.5; 65) 64.5 (60; 73.75) 0.161
BMI, kg/m? 20.35 (19.3; 22.45) 21.6 (19.88; 25.53) 0.373
AP, units 2.05(1.9;2.3 2.0 (1.87;2.15) 0.553
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According to literature data, a gradual
increase in the level of enzymes in the
blood serum during intensive physical
training is an adaptive reaction of the
body [3]. An increase in the level of CK
is also noted during the recovery period
[21]. Among athletes, an increase in the
value of this enzyme indicates a higher
intensity of physical activity compared to
beginners.

As a rule, prolonged training leads to
an increase in the concentration of urea
in the blood [10]. It has been shown that
an increase in the urea content in the
blood is crucial for muscle activity. During
short-term operation, it is insignificant,
and during prolonged operation, the load
can increase 4-5 times [5].

However, a low urea content may
indicate an anabolic orientation of the
processes, minimal use of protein as an
energy substrate (during gluconeogene-
sis) and a higher energy supply to mus-
cles. The level of urea in blood serum as
the most important indicator of protein
metabolism with values less than 5.75
mmol/l reflects the ability of athletes to
better tolerate the training and competi-
tive loads [10]. Low urea values in some
athletes may be associated not only with
this statement, but also with insufficient
intake of protein-containing foods and
sports nutrition.

The CDR value exceeding the normal
range in the beginner group is associated
with the predominance of catabolic pro-
cesses. At the same time, a decrease in
the urea value against the background
of an increase in the CDR value in the
beginner group may indicate unformed
metabolic rearrangements of the body.
In athletes, the CDR value is slightly
reduced, which is associated with the
predominance of anabolic metabolic pro-
cesses, indicating an excellent functional
state and good adaptive reserves of the
body sufficient to overcome intense and
prolonged physical exertion [22].

According to sources, exercise and
training also cause adaptation of glucose
metabolism, which improves glucose
utilization in athletes and helps reduce
insulin resistance in non-athletes [19].
The mechanism of biological reliability in
muscular activity consists in excessive
mobilization of carbohydrates from the
depot, which is necessary to meet the
energy needs of other functional sys-
tems, prevent hypoglycemic conditions,
etc. With a decrease in glucose levels
during physical work, the energy supply
of other functional systems that ensure
the vital activity of the body will decrease
[2]. The established significant difference
between the groups in glucose levels

Biochemical parameters of blood serum (Me (Q25; Q75))

Table 2

Indicator The Athletes (n=23) | Beginners (n=13) p
LDH (225-450 U/1) 351 (326; 381) 350 (306.5;399.5) | 0.934
CPK (< 190 U/l 200 (115;283) 165 (109.5; 254) | 0.521
ALP (<258 U/l) 225 (190; 292) 209 (193.5; 286.5) | 0.961
GGT (11 - 50 U/) 20 (18;36) 21(18.5;27.5) 0.754
ALT (<30 UN) 17 (13;23) 16 (10.5; 20.5) 0.355
AST (<40 U/ 23 (205 25) 24 (21; 31) 0.180
CDR (1.3-1.5) 1.26 (1.08; 1.47) 1.71 (1.11; 2.12) 0.103
IPMT, units 8.32(7.35; 12.57) | 5.45(4.79;10.34) | 0.103
MK (men 268-488 pumol/l) 263 (204; 291) 278 (239.5;325.5) | 0.236
Urea (2.5 — 8.3 mmol/l) 2.6 (1.79; 3.53) 3.17(2.51;4.33) | 0.063
Creatinine (50 — 120 umol/l) 98 (92; 100) 96 (92.5; 100) 0.586
Glucose (3.3 — 5.5 mmol/l) 4.9 (4.6; 5.4)* 45@4.1;5.1) 0.013
Total protein (65 — 85 g/1) 76.2 (75; 80) 75 (73;77.5) 0.141
Albumin (34 — 48 g/) 47 (45; 49) 46 (45; 48) 0.319
TG (0.5-1.7 mmol/l) 0.82 (0.70; 1.22)** | 0.54 (0.44; 0.65) | <0.001
TC (3.6-6.5 mmol/l) 4.24 (3.85; 4.68) 3.99 (3.43;4.36) | 0.134
HDL-C (0.78-2.2 mmol/l) 248 (2.15;2.72) * 1.98 (1.44;2.21) 0.005
LDL cholesterol (1.68-4.53 mmol/l) 1.24 (0.95; 1.68) 1.78 (1.14; 2.19) 0.070
VLDL cholesterol (0.26-1.5 mmol/l) | 0.38 (0.33; 0.56)** | 0.25(0.21; 0.30) | <0.001
KA (<3.5) 0.6 (0.5; 0.86)* 1.25(0.57; 1.79) 0.046

Note. * — differences are significant, p<0.05, ** — differences are significant, p<0.001

may be due to the difference in the inten-
sity of the training process and the high
consumption of carbohydrate-containing
foods among athletes.

The lipid status of athletes' blood de-
serves special attention. In professional
athletes, the lipid status was found to be
more favorable compared to the sex- and
age-appropriate population leading a
sedentary lifestyle [8, 12]. Athletes have
lower levels of TG, LDL, and comparable
or higher HDL levels in the blood [12, 19].
HDL is an anti-atherogenic particle that
ensures the release of cells from excess
cholesterol. LDL is known to contribute to
the formation of atherosclerotic plaques
[13]. The above statements explain the
high HDL values, low LDL and TG values
close to the lower limit of normal values
in the group of athletes, as well as lower
HDL and high CA compared to athletes
in the beginner group. It has been shown
that a significant part of cholesterol in
athletes is involved in the biosynthesis
of steroid sex hormones and cortico-
steroids, in the formation of blood cells
(erythrocytes), the secretion of seba-
ceous glands and bile acids [7]. Positive
changes in the lipid profile in athletes are
also associated with the rheological prop-
erties of blood [6]. Along with this, VLDL
values are lower than the reference val-

ues in the beginner group, possibly due
to the intensity of the training process
and insufficient intake of saturated fatty
acids from food.

Conclusion. According to the results
of the study of boxing students, metabol-
ic changes characterized by the predomi-
nance of anabolic processes, optimal lip-
id profile and characteristic enzymemia in
athletes were revealed, which allow us to
assert the formed adaptive and metabolic
rearrangements to training loads, as well
as the incompleteness of metabolic rear-
rangements in the beginner group, man-
ifested by low values of urea, VLDL and
an increase in CDR.
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N.N. Melnikova

STUDY OF COAGULATION HEMOSTASIS
IN RATS UNDER CONDITIONS OF INDUCED
GENERAL MODERATE HYPOTHERMIA

The use of induced hypothermia in clinical practice can lead to coagulopathy, increasing the risk of peri- and postoperative bleeding. The aim
of this study was to investigate the effect of cooling the body to moderate hypothermia on the hemostatic system in rats. Activated partial throm-
boplastin time (APTT), thrombin time (TT), and prothrombin time (PT) were determined upon reaching a rectal temperature of 32°C and after
prolonged two-hour hypothermia while maintaining the animal’s temperature at the same level. It was shown that cooling the animals to moderate
hypothermia resulted in an increase in activated partial thromboplastin time, thrombin time, and prothrombin time, indicating the development of
hypocoagulation shifts and impairment of the secondary hemostasis. With prolonged hypothermic exposure, a decrease in APTT, TT, and PT pa-
rameters from the achieved values was observed, which probably indicates some suppression of coagulation reactions with prolonged exposure
to moderate hypothermia. It is suggested that impaired thrombin generation may be a key factor
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Introduction. All organs and tissues
are involved in the formation of an urgent
response to general hypothermia. How-
ever, under conditions of general hypo-
thermia, the state of the cardiovascular
system is key to ensuring the adequate
functioning of other organs and systems
[10; 18; 26]. Maintaining adequate tissue
perfusion relies heavily on the hemostatic
system [2;19].

Numerous studies have shown that
maintaining the body in a state of mild
hypothermia can have a protective ef-
fect on damaged brain tissue [14; 25; 28;
29]. However, hypothermia used in sur-
gical practice to protect against ischemic
damage, for example, during aortic sur-
gery with circulatory arrest, often leads to
coagulopathy, which is one of the main
life-threatening complications [12]. Low
body temperature alters platelet aggre-
gation and reduces the activity of en-
zymes in the coagulation cascade [22;
23], these changes inevitably increase
the risk of perioperative bleeding.

It is considered [26; 27] that in a hypo-
thermic state, blood clotting is reduced,
primary and secondary hemostasis are
impaired, and platelet function is de-
creased. A number of animal studies
confirm the weakening of hemostasis
markers during hypothermia [20; 23;
33], however, some studies [17; 24] us-
ing hypothermia in experimental models
of trauma and/or hemorrhagic shock did
not show this. Other researchers show
[9] that increased bleeding at moderate-
ly reduced temperatures (33°-37°C) is
primarily the result of a platelet adhesion
defect, rather than reduced enzyme ac-
tivity or platelet activation. However, at
temperatures below 33°C, both reduced
platelet function and reduced enzyme ac-
tivity likely contribute to coagulopathy.

It is noted [7] that hypothermia leads
to a decrease in circulating blood vol-
ume, causing hemoconcentration, mani-
fested by an increase in blood viscosity
and hematocrit, and prolonged vasocon-
striction (small venous vessels are most
affected) leads to frostbite and thrombus
formation. The risk of thrombosis also in-
creases in the presence of postoperative
hypothermia in a patient who has under-
gone prolonged surgery accompanied by
blood loss [31].

Studies of blood drawn at normal
body temperature and then incubated
at various temperatures have yielded
conflicting results [1; 21]. These stud-
ies showed that temperature has an
ambiguous effect on the activating and
inhibiting reversible reactions of hemo-
stasis. Thus, hypothermia reduces the
rate of the platelet shape change reac-

tion from discoid to spherical, however,
activation of human platelets by various
agonists leads to acceleration of their
aggregation.

Thromboelastography, as a method
determining the dynamics of interaction
of all components of hemostasis, re-
vealed [13; 30; 34] a decrease in coag-
ulation with delayed thrombus formation
during hypothermia. In healthy subjects,
progressive delay in thrombus forma-
tion began only when the temperature
dropped below 30°C [16]. It was con-
firmed [11] that blood clotting disorders
during hypothermia were associated with
a decreased clot formation rate, reduced
clot strength, and impaired fibrinolysis.

In-depth studies of the hemostat-
ic system under various environmental
conditions, including hypothermic states,
are conducted in our country by Barnaul
researchers, who have demonstrated a
stereotypical stress response of the he-
mostatic system in response to a single
threshold stressor [8]. Furthermore, it
was found [5] that during sequential cool-
ing with immersion hypothermia, chang-
es in the hemostatic system are phased,
transitioning from hypocoagulation (in
mild hypothermia) to thrombinemia (in
moderate and deep hypothermia), with
subsequent disappearance of signs of
coagulation activation at ultra-deep hypo-
thermia. With immersion cooling of rats to
a rectal temperature of 30°C, an increase
in platelet aggregation ability and the
concentration of soluble fibrin-monomer
complexes was registered [4], with a de-
crease in their polymerization time, which
characterizes a shift in the hemostatic
potential of blood towards hypercoagu-
lation. When cooling animals in air to a
rectal temperature of 30°C, platelet ag-
gregation ability significantly decreased
relative to normothermia.

The contradictory conclusions of re-
searchers regarding the effect of hypo-
thermia on hemostasis can be explained
by the methods of achieving hypothermia,
its duration, and the degree of tempera-
ture reduction. The use of hypothermia in
the clinic unequivocally indicates [29] that
very mild hypothermia (up to 35°C) does
not affect coagulation, and at lower tem-
peratures, moderate platelet dysfunction
may begin.

The aim of this study was to inves-
tigate the effect of cooling the body to
moderate hypothermia on the hemostatic
system. The objectives included deter-
mining hemostasis parameters (APTT —
activated partial thromboplastin time, TT
— thrombin time, PT — prothrombin time)
upon reaching a rectal temperature of
32°C and after prolonged two-hour hypo-

thermia while maintaining the rectal tem-
perature at the same level.

Materials and Methods. Experiments
were performed on male Wistar rats
weighing 300-320 g from the biocollec-
tion “Collection of laboratory mammals
of different taxonomic affiliations” of the
I.P. Pavlov Institute of Physiology of the
Russian Academy of Sciences. All proce-
dures performed in this study complied
with ethical standards approved by the
legal acts of the Russian Federation,
the principles of the Basel Declaration,
and the recommendations of the Com-
mission for the Control over the Keeping
and Use of Laboratory Animals at the I.P.
Pavlov Institute of Physiology of the Rus-
sian Academy of Sciences (Protocol No.
12/19 of December 19, 2022).

Anesthetized rats (urethane, i.v., 1000
mg/kg) were cooled using ice packs. The
time to reach the target Tr was 30 min,
after which the ice packs were removed,
and the animals were kept at room tem-
perature on a thermostatically controlled
mat to maintain the required Tr. To as-
sess hemostasis parameters (APTT, PT,
TT), blood was collected from the hepatic
sinus in the norm (group 1, control, n=7),
upon reaching a rectal temperature (Tr)
of 32°C (group 2, n=8), and after 2 hours
of maintaining Tr at 32°C (group 3, n=8).

As additional criteria for platelet func-
tional activity, PDW (platelet distribution
width) and MPV (mean platelet volume)
were measured. Platelet count, PDW,
and MPV were determined using an au-
tomated hematology analyzer Mindray
BC-30 Vet (Mindray Animal Care, China).
Blood for hematological analysis was sta-
bilized with EDTA solution at a concentra-
tion of 2 mg/ml of whole blood.

For the study of the coagulation link of
hemostasis, 5 ml of blood was collected
into a tube containing 0.11 M (3.8%) sodi-
um citrate solution (blood-to-citrate ratio
9:1) and centrifuged for 10 min at 3000
rom. PT, TT, and APTT were determined
using a CoaTest-4 coagulometer (NPC
“Astra”, Ufa, Russia) with standard DDS
reagents from Diakon (Pushchino, Rus-
sia).

For statistical data processing, the
STATISTICA 6.0 software package was
used; the Mann-Whitney non-paramet-
ric test was used to identify differences
between groups. The critical significance
level p for testing statistical hypotheses
was taken as 0.05. All experimental data
are presented as mean + standard error
of the mean (M + SE).

Results and discussion. Coagulop-
athy, often observed in accidental hypo-
thermia and acidosis, can be caused by
a decrease in the number and/or function
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Fig. 1. Effect of moderate hypothermia on SAP, HR, and RR.
Note: MH — moderate hypothermia upon reaching Tr 32°C; 2h MH — prolongation of moderate

hypothermia at Tr 32°C for 2 hours.

of platelets, thrombin and fibrinogen syn-
thesis/degradation, and also by a specific
effect on various blood clotting factors
[20]. We developed our experimental
hypothermia model to investigate wheth-
er, compared to normothermia, induced
general hypothermia alters the coagula-
tion link of hemostasis, which could lead
to increased bleeding when using body
cooling in the clinic.

Unlike mild hypothermia [32], moder-
ate hypothermia significantly suppress-
es hemodynamic responses, especially
when using general anesthesia. In our
experiment, when cooling anesthetized
rats to a rectal temperature (Tr) of 32°C
(Fig. 1), a 15% decrease in heart rate
(HR) (p<0.001) compared to the norm
and a 14% increase in respiratory rate
(RR) (p<0.05) were noted, while systolic
arterial pressure (SAP) did not change.
Prolonging hypothermia at Tr 32°C for
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two hours led to a 13% decrease in SAP
(p<0.05), while no further changes in HR
and RR occurred.

In this study, we determined a num-
ber of parameters of the coagulation link
of hemostasis (APTT, TT, PT). Throm-
bin time (TT) reflects the interaction of
thrombin with fibrinogen — the final stage
of blood clotting. Prothrombin time (PT)
measures the time required for clot for-
mation in the presence of a thromboplas-
tin-calcium mixture, which ensures the
functioning of the extrinsic pathway of
fibrin formation. Activated partial throm-
boplastin time (APTT) measures the time
required for clot formation in the presence
of an activator of the intrinsic pathway of
blood coagulation and calcium, and as-
sesses the ability to form fibrin through
the sequential interaction of a number of
blood clotting factors [3].

The results of this study allow us to
conclude that lowering body temperature
to moderate hypothermia significantly
affects the activity of the extrinsic and
intrinsic pathways of blood coagulation
in rats. When assessing coagulation he-
mostasis parameters in rats cooled to Tr
32°C (group 2), it was established (Fig.
2) that APTT was prolonged by 29%, TT
by 41%, and PT by 17% (p<0.001). With
the prolongation of moderate hypother-
mia (group 3), APTT and PT returned to
normal, while TT remained elevated (by
30% above normal).

The study [4] showed a phased na-
ture of changes in the hemostatic system
depending on the duration of a single
cold exposure necessary to achieve a
particular degree of hypothermia. The
hypocoagulation shifts recorded in the
initial stages of hypothermia are replaced

APTT
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kksk
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Fig. 2. Changes in activated partial thromboplastin time (APTT), thrombin time (TT), prothrombin

time (PT) during moderate hypothermia in rats



. YAKUT MEDICAL JOURNAL

by the development of a thrombotic
readiness state as body temperature de-
creases. In our experiment, when Tr de-
creased and was maintained at 32°C, we
observed similar changes in APTT, TT,
and PT, indicating hypocoagulation shifts
at moderate hypothermia.

A study investigating coagulation he-
mostasis at a higher Tr in rabbits [32]
showed that short-term mild hypother-
mia affects the blood clotting mecha-
nism to a clinically insignificant extent.
With the use of mild hypothermia [15] in
patients with traumatic brain injury over
two days, prolongation of PT and APTT
was observed, and when the duration of
temperature exposure was increased to
five days, PT and APTT decreased sig-
nificantly (more than 35%), which likely
indicates a dependence of the coagula-
tion link of hemostasis on the duration
of induced hypothermia. Our study at a
lower Tr also showed a dependence of
APTT and TT on the duration of hypo-
thermic exposure.

Hypothermia reduces the activity of
enzymes in the coagulation cascade re-
actions [18]. Enzymes, like all biochem-
ical reactions, slow down with decreas-
ing temperature. In general, impaired
thrombin generation is one of the main
factors contributing to coagulopathy
during hypothermia. The slowing of this
key enzyme’s activity leads to disruption
of the entire blood coagulation cascade,
increased clotting time, and increased
bleeding risk. Analysis of kinetic curves
characterizing thrombin generation and
the formation of the thrombin-antithrom-
bin complex [22] showed that hypother-
mia in the temperature range from 36°C
to 31°C gradually slowed thrombin gen-
eration, as evidenced by clotting time,
time to reach the thrombin peak, and
prothrombin time, which increased in
all subjects. Our work also supports the
idea that impaired thrombin generation
may be a key factor in hypothermia-in-
duced coagulopathy, since the maximum
changes in the coagulation link of he-
mostasis during hypothermia concerned
the increase in thrombin time both upon
reaching Tr 32°C and with the prolonga-
tion of moderate hypothermia at Tr 32°C
for 2 hours.

Results obtained in vitro in isolated
hypothermic platelets [35] showed a tem-
perature-dependent decrease in throm-
bin generation: in hypothermic platelet
samples, thrombin generation was 25%
(33°C) and 68% (23°C) lower compared
to normothermic platelet samples. These
results lead to the conclusion that with
hypothermia, proper microvascular he-
mostasis may be initially delayed due to

a delay in the thrombin initiation phase,
i.e., moderate hypothermia leads to a
delay in thrombin generation in the initial
stage. Our study confirmed that induced
hypothermia primarily affects the rate of
thrombin formation; these changes are
likely temporary.

Hypothermia significantly affects both
blood clotting and hemorheology. Ac-
cording to [18], the increase in blood vis-
cosity with decreasing body temperature
leads to hematological concentration and
increased hematocrit. In our study, we
also obtained an 8% increase in hemato-
crit upon reaching Tr 32°C (group 2), and
a 15% increase with prolonged hypother-
mia (group 3).

Cold stress, stimulating the release
of catecholamines such as adrenaline
and noradrenaline, can lead to increased
vascular resistance and reduced blood
flow in peripheral vessels [6]. As a result,
platelets may be retained in the vessels,
which can contribute to their destruction
and a decrease in their number in the
blood. In addition, thrombocytopenia
during hypothermia can occur due to
platelet sequestration [18], and this, in
turn, can lead to uneven distribution of
platelets in the vessels. In our work, we
recorded a significant decrease in the
number of platelets (by 80% in group 2
and by 92% in group 3, p<0.001). Accord-
ingly, the risk of bleeding in the cold may
increase due to a decrease in the num-
ber of platelets themselves, and, conse-
quently, the ability of platelets to adhere
and form thrombi. It should be noted that
the values of the mean platelet volume
and platelet distribution width by volume
with hypothermic exposure differed in-
significantly from the initial values (within
5-9%).

Thus, it has been shown that a num-
ber of enzymatic reactions of the coag-
ulation cascade are inhibited by induced
general moderate hypothermia, as ev-
idenced by the significant prolongation
of PT, APTT, and TT with a decrease in
Tr in rats to 32°C and the preservation
of the increased TT value with the pro-
longation of moderate hypothermia at Tr
32°C for 2 hours. We believe that when
diagnosing and managing patients with
reduced body temperature, the prolonga-
tion of blood clotting time and the risks
of perioperative bleeding should be taken
into account.

Conclusions:

1. With single, short-term cooling of
anesthetized rats to Tr 32°C (to the stage
of moderate hypothermia), an increase
in activated partial thromboplastin time,
thrombin time, and prothrombin time oc-
curs, indicating the development of hy-

pocoagulation shifts and impairment of
secondary hemostasis.

2. During maintenance of Tr at 32°C
for two hours, a decrease in APTT, TT,
and PT parameters from the achieved
values is observed, which probably indi-
cates some alteration of coagulation re-
actions with prolonged exposure to mod-
erate hypothermia.

3. Upon reaching the boundary of
moderate hypothermia, the main chang-
es may be associated with impaired
thrombin generation, which may be a key
factor in hypothermia-induced coagulop-
athy.

Funding: The study was supported by
the State funding allocated to the Paviov
Institute of Physiology Russian Acade-
my of Sciences (Ne 1021062411787-0-
3.1.8).

Author has no conflict of interest to
declare.

References

1. Dobrylko I.A., Volkova A.A., Gerda B.A,,
et al. Vliyanie temperatury na trombocitarnyj
gemostaz, inducirovannyj razlichnymi agonista-
mi [The influence of temperature on platelet he-
mostasis induced by various agonists]. Voprosy
gematologii/onkologii i immunopatologii v pedi-
atrii [Pediatric Hematology/Oncology and Immu-
nopathology. 2024. 23(1): 92-98 (in Russ.).] doi:
10.24287/1726-1708-2024-23-1-92-98.

2. Kuznik B.I. Kletochnye i molekulyarnye me-
khanizmy regulyacii sistemy gemostaza v norme
i patologii [Cellular and molecular mechanisms of
regulation of the hemostasis system in norm and
pathology]. Chita: Ekspress-izdatel'stvo. 2010
[Chita: Express Publishing House. 2010; 832 p.
(in Russ.).]

3. Laboratornye metody issledovaniya siste-
my svertyvaniya krovi: Metodicheskie rekomen-
dacii ATGPSS im. A.Shmidta-B.A.Kudryashova
[Laboratory methods for studying the blood co-
agulation system: Methodical recommendations
of the A.Schmidt-B.A.Kudryashov Russ Acc. of
Thrombosis, Hemorrhages and Vascular Pathol-
ogy]. Pod red. Bokareva I.N. 2-e izdanie. Moskva,
2011. [Edited by I.N. Bokarev. 2nd edition. Mos-
cow, 2011 (in Russ.).]

4. Lycheva N.A., Shakhmatov I.1., Kiselev V.I.
Vliyanie sredy ohlazhdeniya na sostoyanie siste-
my gemostaza u krys [Influence of cooling medi-
um on rat hemostatic system]. Byulleten' sibirskoj
mediciny [Bulletin of Siberian Medicine. 2017;
16(1): 50-58 (in Russ.).] doi: 10.20538/1682-
0363-2017-1-50-58.

5. Nazarova |.A., Lycheva N.A., Tomilova I.N.
Glubokaya gipotermiya i ee vliyanie na sistemu
gemostaza krys [Deep hypothermia and its effect
on the hemostasis system of rats]. Trudy molo-
dyh uchenyh AGMU [Works of young scientists of
AGMU. 2017; 14: 12-15 (in Russ.).]

6. Bondarenko D.N., Korsikov N.A., Lepilov
A.V, et al. Strukturno-morfologicheskie osoben-
nosti izmenenij sosudov v usloviyah gipotermich-
eskogo povrezhdeniya [Structural and morpho-
logical features of vascular changes under con-
ditions of hypothermic injury]. Scientist [Scientist.
2023; 4(26): 6-14 (in Russ.).]

7. Chudakov A.Yu. K voprosu o vliyanii holoda
na krov' [On the effect of cold on blood]. Vektor




nauchnoj mysli [J Vector of Sci Thought. 2023;
4(4): 105-128 (in Russ.).] doi: 10.58351/2949-
2041.2023.4.4.010.

8. Shakhmatov I.I., Kiselev V.I. Universal'nye
mekhanizmy reagirovaniya sistemy gemosta-
za na dejstvie razlichnyh stressorov [Universal
mechanisms of response of the hemostasis sys-
tem to the action of various stressors]. Byulleten'
medicinskoj nauki [Bulletin of Medical Science.
2017; 1(5): 14-19 (in Russ.).]

9. Wolberg A.S., Meng Z.H., Monroe D.M.,
Hoffman M. A systematic evaluation of the effect of
temperature on coagulation enzyme activity and
platelet function. J Trauma. 2004; 56(6): 1221-
1228. doi: 10.1097/01.ta.0000064328.97941 .fc.

10. Paal P., Pasquier M., Darocha T., et al.
Accidental hypothermia: 2021 update. Interna-
tional Journal of Environmental Research and
Public Health. 2022; 19(1): 501. doi: 10.3390/
ijerph19010501.

11. Trgbka-Zawicki A., Tomala M., Zelias A,
et al. Adaptation of global hemostasis to thera-
peutic hypothermia in patients with out-of-hospi-
tal cardiac arrest: Thromboelastography study.
Cardiol J. 2019; 26(1): 77-86. doi: 10.5603/
CJ.a2017.0080.

12. Werner P., Winter M., Mahr S., et al. Ce-
rebral protection strategies in aortic arch sur-
gery-past developments, current evidence, and
future innovation. Bioengineering (Basel). 2024;
11(8): 775. doi: 10.3390/bioengineering11080775.

13. Nitschke T., Groene P., Acevedo A.C., et
al. Coagulation under mild hypothermia assessed
by thromboelastometry. Transfus Med Hemother.
2021; 48(4): 203-209. doi: 10.1159/000513922.

14. Lundbye J., et al. Current advances in the
use of therapeutic hypothermia. Ther Hypother-
mia Temp Manag. 2020; 10(1): 2-5. doi: 10.1089/
ther.2019.29070.jjl.

15. Li Z., Ji X,, Zheng T., et al. Effect of
long-term and short-term mild hypothermia
in severe traumatic brain injury: a compara-
tive study. Chinese Intensive Care Medicine.
2019; 31(12): 1440-1444. doi: 10.3760/cma.j.is
sn.2095-4352.2019.12.002.

16. Ruzicka J., Stengl M., Bolek L., et al.
Hypothermic anticoagulation: testing individ-
ual responses to graded severe hypothermia
with thromboelastography. Blood Coagul Fi-

brinolysis. 2012; 23(4): 285-289. doi: 10.1097/
MBC.0b013e328351885a.

17. Mohr J., Ruchholtz S., Hildebrand F., et al.
Induced hypothermia does not impair coagulation
system in a swine multiple trauma model. J Trau-
ma Acute Care Surg. 2013; 74: 1014—-1020. doi:
10.1097/TA.0b013e3182826edd.

18. Ipekci A., Cakmak F. Hypothermia. Cer-
rahpasa Medical Journal. 2023; 47(S1): 27-32.
doi: 10.5152/cjm.2023.23025.

19. Kander Th., Schétt U. Effect of hypo-
thermia on haemostasis and bleeding risk:
a narrative review. Journal of International
Medical Research. 2019; 47: 3559-3568. doi:
10.1177/0300060519861469.

20. Martini W.Z. The effects of hypothermia on
fibrinogen metabolism and coagulation function
in swine. Metabolism. 2007; 56(2): 214-221. doi:
10.1016/j.metabol.2006.09.015.

21. Scharbert G., et al. Mild and moderate
hypothermia increases platelet aggregation in-
duced by various agonists: a whole blood in
vitro study. Platelets. 2010; 21(1): 44-48. doi:
10.3109/09537100903420269.

22. Mitrophanov A.Y., Rosendaal F.R.,
Reifman J. Computational analysis of the effects
of reduced temperature on thrombin generation:
the contributions of hypothermia to coagulopa-
thy. Anesth Analg. 2013; 117(3): 565-574. doi:
10.1213/ANE.Ob013e31829¢c3b22.

23. Shenkman B., Budnik |., Einav Y., et al.
Model of trauma-induced coagulopathy including
hemodilution, fibrinolysis, acidosis, and hypother-
mia: Impact on blood coagulation and platelet
function. J Trauma Acute Care Surg. 2017; 82(2):
287-292. doi: 10.1097/TA.0000000000001282.

24. Park K.H., Lee K.H., Kim H. Effect of hy-
pothermia on coagulatory function and survival
in Sprague—Dawley rats exposed to uncontrolled
haemorrhagic shock. Injury. 2013; 44: 91-96. doi:
10.1016/j.injury.2011.11.016.

25. Merchant R.M., Topjian A.A., Panchal A.R.,
et al. Part 1: executive summary: 2020 American
Heart Association Guidelines for cardiopulmo-
nary resuscitation and emergency cardiovascular
care. Circulation. 2020; 142(16, S2): S337-357.
doi: 10.1161/CIR.0000000000000918.

26. Bjertnaes L.J., Neesheim T.O., Reierth E.,
et al. Physiological changes in subjects exposed

1" 2025 AW 2

to accidental hypothermia: an update. Front
Med (Lausanne). 2022; 9: 824395. doi: 10.3389/
fmed.2022.824395.

27. Kander T., Dankiewicz J., Friberg H.,
Schoétt U. Platelet aggregation and clot formation
in comatose survivors of cardiac arrest treated
with induced hypothermia and dual platelet inhi-
bition with aspirin and ticagrelor; a prospective
observational study. Crit Care. 2014; 18(5): 495.
doi: 10.1186/s13054-014-0495-z.

28. Polderman K.H. Hypothermia and coag-
ulation. Crit Care Med. 2012; 16 (S2): A20. doi:
10.1186/cc11278.

29. Polderman K.H. Mechanisms of action,
physiological effects, and complications of hypo-
thermia. Crit Care Med. 2009; 37(S7): S186-202.
doi: 10.1097/CCM.0b013e3181aa5241.

30. Hui S., et al. Temperature effect on co-
agulation function in mild hypothermic patients
undergoing thoracic surgeries: thromboelastogra-
phy (TEG) versus standard tests. Perioper Med
(Lond). 2024; 13(1): 55. doi: 10.1186/s13741-
024-00405-8.

31. Li L., et al. The effects of hypothermia in
thrombosis: a systematic review and meta-analy-
sis. Ann Palliat Med. 2021; 1925. doi: 10.21037/
apm-21-1925.

32. Staikou C., Paraskeval A., Donta I., et al.
The effects of mild hypothermia on coagulation
tests and haemodynamic variables in anaesthe-
tized rabbits. West Indian Med J. 2011; 60(5):
513-518.

33. Shimokawa M., Kitaguchi K., Kawaguchi
M., et al. The influence of induced hypother-
mia for hemostatic function on temperature-ad-
justed measurements in rabbits. Anesth An-
alg. 2003; 96(4): 1209-1213. doi: 10.1213/01.
ANE.0000050767.86196.AF.

34. Quine E.J., et al. Thromboelastography to
assess coagulopathy in traumatic brain injury pa-
tients undergoing therapeutic hypothermia. Ther
Hypothermia Temp Manag. 2021; 11(1): 53-57.
doi: 10.1089/ther.2020.0025.

35. Whelihan M.F., Kiankhooy A., Brum-
mel-Ziedins K.E. Thrombin generation and fibrin
clot formation under hypothermic conditions: an
in vitro evaluation of tissue factor initiated whole
blood coagulation. J Crit Care. 2014; 29(1): 24-
30. doi: 10.1016/j.jcrc.2013.10.010.



. YAKUT MEDICAL JOURNAL

B.D. Hagverdiev, N.A. Gasimov

FRAILTY INDEX AND ITS ROLE

IN EMERGENCY SURGERY OF ACUTE
ABDOMINAL DISEASES IN ELDERLY
PATIENTS

DOI 10.25789/YMJ.2025.89.08

UDC 616.36-089:616.61-089

Frailty is an important predictor of adverse outcomes in elderly patients with acute abdominal diseases requiring surgery. Preoperative assess-
ment of frailty can significantly improve the prognosis of surgical outcomes and postoperative recovery.

Objective: To study the influence of frailty on the immediate and long-term results of surgical treatment in elderly patients with acute diseases
of the abdominal cavity.

Materials and methods: The study involved 154 patients over the age of 62 with acute diseases of the abdominal organs who underwent sur-
gical treatment. Patients were divided into two groups based on the Edmonton Frail Scale (EFS). Complications were classified according to the
Clavien-Dindo system. The short- and long-term results of surgical treatment were assessed.

Results: The postoperative period was more complicated in patients with high frailty index. The ICU days were more for patients with the frailty
score more than 7. They demonstrated delayed initiation of active movement and food intake, as well as a higher incidence of postoperative com-
plications. 2nd and 3rd Grade ccomplications according Clavien-Dindo classification were significantly higher in patients with a high frailty index in
the postoperative short-term. However, 1st Grade complications were more common in patients without frailty. In the group with a high frailty index,
unsatisfactory long-term results were observed, including an increased risk of rehospitalisation (readmission) and a decreased functional status.

Conclusion: Frailty assessment plays a key-role in improving postoperative outcomes in elderly patients with acute abdominal diseases. Further
research is necessary to develop methods that can mitigate the negative impact of frailty on surgical outcomes.
Keywords: elderly, frailty assessment, emergency surgery, abdominal diseases, outcomes/results.
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Introduction. Understanding the
role of frailty is of utmost importance in
emergency surgery, particularly in elderly
patients with acute diseases of the ab-
dominal cavity. Acute abdominal diseas-
es such as appendicitis or intestinal ob-
struction pose a significant health threat
to the elderly population due to age-relat-
ed physiological changes and comorbid-
ities. Treatment of such conditions often
requires urgent surgical intervention, and
the presence of frailty may complicate
treatment tactics and may affect out-
comes in patients [1-3].

Frailty often characterised by reduced
physiological reserve and increased vul-
nerability to stressors is a major chal-
lenge in surgical treatment.

Elderly patients with increasing frailty
may experience decreased functional
status, delayed wound healing, and in-
creased susceptibility to postoperative
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complications such as infections and
delirium. In addition, preoperative frailty
assessment is critical for risk stratification
and informed decision-making regarding
the feasibility of surgical intervention and
approaches to perioperative care [4-7].

This article presents a comparative
study of two groups of elderly patients
with acute abdominal diseases and
an examination of the impact of frailty on
surgical outcomes. By assessing frailty
degrees using validated tools such as the
Edmonton Frail Scale, we aim to eluci-
date the association between frailty and
the surgical complication rate, mortality
and healthcare utilization.

Materials and methods. The re-
search is based on the examination of
patients over the age of 62 with acute
surgical diseases of the abdominal or-
gans. Along with routine examinations,
all patients were assessed for their "frailty
index" according to the Edmonton scale.
In 68 patients, the frailty index was calcu-
lated to be below 7, indicating no signs of
frailty according to the Edmonton scale.
Among patients who applied in 2021, 86
people had a frailty index greater than 7,
indicating the presence of senile frailty.
The comparison of patients without frail-
ty with patients whose frailty index was
higher than 7 were performed. The re-
sults of surgical treatment of acute sur-
gical diseases of abdominal organs in

elderly patients with and without frailty
were compared.

The anthropometric indicators of pa-
tients without frailty were as follows: the
average age of patients was 69.3+0.8,
ranging from 62 to 87. Among patients
without frailty, men predominated (n=48;
70.6%).

The number of women was approxi-
mately three times less (n=20; 29.4%).

The average age of patients with
a frailty index of more than 7, i.e., with
signs of frailty, was 69.7 + 0.71, ranging
from 62 to 87. Among patients with frailty,
men accounted for n=54; 62.8%, while
women n=32; 37.2%.

The incidence of main diseases as an
indication for surgery, was compared in
patients with a frailty index above 7 and
without fragility. The analysis showed
that patients with hernias prevailed in
the group without frailty. The incidence
of hernias in the group without frailty was
69.1%, but in patients with a fragility in-
dex above 7 this figure was 50%. The
difference in the incidence of hernias be-
tween the groups was statistically signifi-
cant (p<0.05). However, when analysing
the incidence of gallstone disease, the
opposite trend was observed. The inci-
dence of gallstone disease in the group
without frailty was only 11.8%, while in
the group of patients with a high frailty in-
dex this figure was 26.7%. The incidence



of gallstone disease in patients with a
frailty index above 7 was statistically sig-
nificantly higher than in the group without
frailty (p<0.05). The results of the fre-
quency of occurrence of other major dis-
ease groups in patients without frailty and
with a frailty index above 7 were as fol-
lows: perforated ulcer (4.4% and 9.3%),
gastrointestinal bleeding (0 and 3.5%),
acute intestinal obstruction (7.4% and
7%), acute appendicitis (7.4% and 3.5%).
The differences in the frequency of occur-
rence of these major diseases between
the groups were statistically insignificant
(p>0.05).

The incidence of acute diseases of the
abdominal cavity among the comparable
groups is presented in Table 1.

The Edmonton Frail Scale (EFS), a
widely used instrument to measure al-
terations related to frailty, was used to
assess the frailty degree in elderly peo-
ple [8]. The scale consists of 10 items,
each rated on a scale of 0 to 1 or 0 to
2, depending on the specific question.
Questions include assessment of cog-
nitive status, functional independence,
functional performance, continence, so-
cial support, and medication use. The to-
tal score ranges from 0 to 17, with higher
values indicating greater frailty [9].

Both groups of patients were treated
by the same hospital team, ensuring con-
sistency in the surgical approach and
postoperative care. All patients under-
went surgery for medical reasons. The

types of surgical procedures performed
in patients with and without frailty were
shown in the Table 2.

The statistical analysis using the
Chi-Square test showed the following
results: Pearson Chi-Square test value =
11.679; p-value = 0.020. Since p < 0.05,
it can be stated that there is a statistically
significant difference in the number
of operations between the groups.
Likelihood ratio value = 12.155; p-value
= 0.016. This result also confirms the
significance of the differences (p < 0.05).
Linear by linear relationship = 1.064;
p-value = 0.302. This result shows that
the linear relationship is not significant.
Thus, the differences are due to the
distribution by categories.

Postoperative results were compared
between groups. The main criterion for
assessment was the frequency of post-
operative complications. The Clavien-
Dindo classification was used to rank
the severity of surgical complications.
This system, developed by Dr. Pierre
Clavien and Dr. Daniel Dindo in 2004,
has become a standard tool for reporting
and comparing surgical outcomes across
studies and institutions. The classifica-
tion divides complications based on their
clinical severity and the necessary inter-
ventions for treatment. According to this
classification, complications are divided
into the following grades:

Grade l-any deviation from the normal
postoperative course without the need
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for pharmacological or surgical treatment
and interventions.

Grade Il — requiring pharmacological
treatment with drugs other than such al-
lowed for Grade | complications. Blood
transfusions and total parenteral nutrition
(TPN) are also included.

Grade Ill—requiring surgical or endo-
scopic intervention:

llla—intervention not under general an-
aesthesia, i.e. local anaesthesia.

IlIb—intervention under general anaes-
thesia.

Grade |V — life-threatening complica-
tions (including those affecting the brain)
requiring intensive care management:

IVa — single organ dysfunction (includ-
ing dialysis);

IVb —multi-organ dysfunction.

Fatal outcomes are classified as
Grade V.

The Clavien-Dindo classification
provides a standardised and objec-
tive way of assessing the severity of
postoperative complications. This fa-
cilitates comparisons between differ-
ent studies and helps clinicians and
researchers better understand the
impact of surgical interventions on pa-
tient outcomes [10].

Secondary assessment criteria in-
cluded the duration of stay in the inten-
sive care unit, hemodynamic parameters,
respiratory rate, time to the onset of in-
dependent feeding, and time to the first
bowel movement.

Table 1

The Incidence of Acute Diseases of the Abdominal Cavity

Frailty index <7 Frailty index >7 Significance
Complex hernia 47 (69.1) 43 (50) p<0.05
Calculous cholecystitis 8 (11.8) 23 (26.7) p<0.05
Perforated ulcer 3(4.4) 8(9.3) p>0.05
GI (gastrointestinal bleeding ) 0 3(3.5) p>0.05
Obstructive ileus/Intestinal obstruction 5(7.4) 6(7) p>0.05
Acute appendicitis 5(7.4) 3(3.5) p>0.05

The types of surgical procedures

Table 2

Surgical Procedure Patients without frailty: number (%) | Patients with frailty index >7: number (%) | Significance
Hernioplasty 46 (67.6) 41 (47.7) p<0.05
Cholecystectomy 9(13.2) 23 (26.7) p<0.05
Stomach surgery 2(2.9) 9 (10.5) p<0.05
Ileus surgery 6 (8.8) 11 (12.8) p<0.05
Appendectomy 5(7.4) 2(2.3) p<0.05
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Statistical analysis. All numerical in-
dicators obtained during the study were
arranged in order of variation, and the
mean value and standard error (Mtm)
were calculated for each row. A non-
parametric method, i.e., the Wilcoxon
(Mann-Whitney) criterion (U) was used
to determine differences between group
indicators. All statistical procedures were
performed using the IBM SPSS 22 pro-
gram.

Research results and their discus-
sion. Immediate postoperative results:
Comparative analysis in the immediate
postoperative period revealed significant
differences between the two groups. The
average duration of stay in the intensive
care unit after surgery in patients with-
out frailty was 2.52 + 0.22 days. Patients
with a high frailty index spent an average
of 4.16+0.32 days in the intensive care
unit (minimum 1 and maximum 16 days),
which indicates a more severe course
of the postoperative period. The differ-
ence in the duration of stay in the inten-
sive care unit was statistically significant
(p<0.001).

The groups were compared in terms
of the time it took to start active move-
ments, independent food intake, and
ability to communicate during treatment
in the surgical hospital. Patients with a
frailty index of less than 7 required an
average of 1.59+0.11 days to start active
movements after surgery. In patients with
a frailty index greater than 7 this period
increased to 2.7+0.25 days (p<0.001). In
addition, patients without frailty received
oral nutrition on average 1.8+0.13 days
after surgery. In patients with a high frailty
index, 2.9 + 0.24 days were required to
initiate oral nutrition.

It took a significantly longer time for
weakened patients to begin food intake
(p<0.001). Another important observation
was the comparison of time to the first
bowel movement. In the group of patients
with a high frailty index, this occurred
after 2.98+0.26 days, while in the other
group — after 1.87+0.14 days. Patients
with a high frailty index had a higher rate
of complications in the short-term post-
operative period. These complications
ranged from surgical site infections to
postoperative delirium, suggesting an
increased vulnerability of frail patients
to surgical stressors. Table 2 shows the
complication rates in both groups accord-
ing to the Clavien-Dindo classification.

In addition, clinical indicators of pa-
tients with a high frailty index was sig-
nificantly suboptimal, highlighting the
challenges in managing this cohort dur-
ing the acute phase of recovery. It was
found that cases of shortness of breath

occurred more often in patients with a
high frailty index. The respiratory rate
in patients with frailty was significantly
higher (20.2+0.29 per minute, p<0.05)
compared to patients without frailty
(14.8+0.13 per minute). Pain intensity in
patients without frailty was lower com-
pared with the other group. The time of
the surgical wound healing was shorter in
the group of patients without frailty.

The average duration of hospital
stays for patients without frailty came
to 3.7+0.25 days, which was statistical-
ly significantly less (p<0.001) than for
patients with a high frailty index, which
came to 5.3+0.32 days.

Long-term postoperative results:

In addition to the immediate postop-
erative period, the influence of frailty also
affected the long-term results of surgical
interventions. All patients were invited to
the clinic 30 days after surgery for exami-
nation. Patients with a high frailty index
faced persistent challenges including
longer hospital stays, increased risk of
rehospitalisation (readmission), and de-
terioration of functional status compared
with their healthy counterparts. These re-
sults highlight the complex relationships
between frailty and surgical outcomes,
which indicates the need for individual
strategies for managing patients in the
preoperative period.

As can be seen from Table 3, the inci-
dence of complications of grades 1, 2 and
3a during the first 30 days after discharge
was statistically significantly higher in the
group with a high frailty index.

Discussion. This study examines the
impact of frailty on surgical outcomes in
elderly patients with acute abdominal dis-
eases. One of the strongest aspects of
our study is the comprehensive assess-
ment of frailty using the Edmonton Frail
Scale (EFS), a validated instrument that
covers multiple aspects of frailty such
as cognitive status, functional independ-
ence, and social support. We managed
to establish a relationship between frailty
and surgical outcomes by dividing pa-
tients into groups based on their preop-
erative frailty index.

However, our study has several limita-
tions. First, the sample size of 154 elderly
patients may limit the generalisation of
our findings to broader populations. Ad-
ditionally, the single-centre study design
may introduce biases related to institu-
tional practices and patient demograph-
ics. Even though we used the Clavien-
Dindo classification to categorise postop-
erative complications, the subjective na-
ture of some criteria may cause variability
in the assessment.

Our results highlight the significant
impact of frailty on surgical outcomes in
elderly patients with acute diseases of
the abdominal cavity. Patients with frailty
experienced longer intensive care unit
stays, delayed postoperative recovery,
and higher rates of postoperative com-
plications compared to the group without
frailty.

Complications of the first degree of
severity according to the Clavien-Dindo

Table 3

Rate of surgical complications within 7 days after surgery

Frailty index <7 Frailty index >7
CDC Grades p
n % N %
Grade 1 29 42.6 4 4.7 <0.001*
Grade 2 24 353 48 55.8 <0.05*
Grade 3a 12 17.6 28 32.6 <0.05*
Grade 4b 3 44 6 7.0 >0.05

Note: *<0.05 difference is reliable.

Table 4

Shows the surgical complication rate 30 days after surgery

Clavien-Dindo Frailty index <7 Frailty index >7

complications n %, n % p
Grade 1 21 30.9 47 54.7 <0.001*
Grade 2 4 5.9 16 18.6 <0.05*
Grade 3a 3 4.4 17 19.8 <0.001*
Grade 4b 2 2.9 2 2.3 >0.05

Note: *¥<0.05 difference is reliable.



classification were more often recorded
in the group of patients without frailty,
without requiring drug treatment and in-
tervention. A statistically significant dif-
ference (p<0.05) was found when com-
paring the incidence of grade 1 compli-
cations between the groups. Severity
complications of Grades 2 and 3 were
predominant in patients with a high frailty
index. Severity complications of Grade
2 were recorded in 48 patients (55.8%),
and Grade 3 in 28 patients (32.6%). Only
the difference in severity complications
of Grade 4B was not statistically relevant
between the groups.

However, in the high frailty index
group, the rate of Grade 4b complications
came to 7%, which was higher than in re-
lation to the other group (4.4%).

These results emphasize the impor-
tance of preoperative frailty assessment
for risk stratification and decision-making
regarding surgical strategy and periop-
erative care.

Furthermore, our study provides valu-
able information on the long-term conse-
quences of frailty in the context of surgi-
cal repair. Patients with a high frailty in-
dex experienced persistent problems: re-
hospitalisation, and decreased functional
status, highlighting the need for individual
strategies in the preoperative and post-
operative periods. Despite the assistance
provided, 6 patients died, and the 30-day
mortality rate came to 3.9%.

Our results are consistent with previ-
ous studies demonstrating the negative
impact of frailty on surgical outcomes in
elderly patients. A study by Makarii et al.
(2010) found that frailty was associated
with increased postoperative complica-
tions and mortality in elderly patients who
underwent surgery [11]. Similarly, Robin-
son et al. (2019) reported that frailty was
a major predictor of adverse outcomes
after emergency abdominal surgery in el-
derly patients [12].

However, some studies have shown
contradictory results regarding the asso-
ciation between frailty and surgical out-

comes [13—16]. For example, Amini et al.
(2018) found no substantial differences
in the rate of postoperative complications
between frail and healthy elderly patients
who underwent planned surgical proce-
dures [17].

These discrepancies may be related
to differences in study populations, frailty
assessment tools, and types of surgical
interventions.

Conclusion. Our study stresses the
critical role of frailty assessment in opti-
mization of surgical outcomes in elderly
patients with acute abdominal diseas-
es. Despite some limitations, our results
provide valuable insights into the com-
plex interactions between frailty, surgical
stressors, and postoperative recovery.
Additional research is needed to confirm
our findings in larger multicentre samples
and explore potential interventions to
mitigate the impact of frailty on surgical
outcomes.
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In the practice of therapeutic dentistry, the most difficult from the point of view of diagnosis and prediction of treatment results are patients with
simultaneous pulp and periodontal lesions in the same segment Bdue to the fact that their anatomical, embryonic and functional relationships de-
termine a high probability of joint participation in the pathological process. Inflammatory processes occurring in the pulp and periodontal tissues can
lead to cause both auto- and heterosensitization of the body, which, in turn, leads to a decrease in its immune defense. The aim of the study was to
determine the effectiveness of studying the level of cytokines in the diagnosis of endo - periodontal lesions. Materials and methods. We compared
clinical and immunological parameters in 82 patients with endo-periodontal lesions and 47 periodontologically healthy individuals aged 23-54 years.
The clinical examination included assessment of hygiene status using the Green—Vermillion Simplified Hygiene Index (OHI-S), as well as periodontal
status determined by the bleeding index (SBI) and Russell periodontal index (Pl) and PMA. The state of local immunity was determined by the level of
pro-inflammatory (TNF-a, IL - 13, IL-6) and anti-inflammatory (IL-4, IL-10) cytokines and IgA. The result of the study revealed a correlation between
the severity of inflammatory processes in periodontal tissues and the level of pro-inflammatory cytokines. We found statistically significant differences
in the concentrations of TNF-a and IL-6 in the oral fluid of patients with endo - periodontal lesions depending on the severity of periodontal damage,
which underlines the role of these cytokines in the progression of the disease. The study of periodontal status and its relationship with the level of
cytokines in the oral fluid revealed important correlations that indicate the prospects of using immunological markers for the diagnosis and prediction

of the course of periodontal diseases.

Keywords: periodontal disease, endo-periodontal lesions, cytokines, local immunity.
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Introduction. The modern scientific
paradigm is based on the belief that the
properties of the whole can be explained
based on the properties of the parts. All
sicentific research begins with the study
of the function of isolated organs, cells,
or molecules. It is important that an in-
tegrated approach to the interpretation
of patient examination data, as well as
dynamic treatment results, can provide a
new understanding of the nature of the
disease as a violation of harmony in a liv-
ing system.

In the practice of therapeutic dentist-
ry, patients with simultaneous pulp and
periodontal lesions in the same segment
are the most difficult from the point of
view of diagnosis and prediction of treat-
ment results, due to the fact that their
anatomical, embryonic and functional re-
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lationships determine a high probability
of joint participation in the pathological
process [5,9,]. The spread of infection
from pulp to periodontal and vice versa
is a complex process involving several
pathways, often working synergistically,
which leads to a high probability of de-
veloping inflammatory diseases. There
are various hypotheses about the ways
and mechanisms of infection spread.
One of the most studied methods is
spreading through the dentinal tubules.
A significant role is also assigned to the
hematogenic pathway. Bacteria, due to
their ability to adhere and form biofilms,
spread in both apical and coronal direc-
tions. Another way is to spread through
the palato-gingival furrows, which can
serve as a reservoir for pathogenic mi-
croflora. Also, we should not forget about
the role of lateral tubules, which often
go unnoticed during endodontic treat-
ment and significantly complicates the
complete rehabilitation of the focus of
infection, contributing to the relapse of
the disease. The infection can also mi-
grate through the alveolar bone, causing
osteolysis. [5,9]. The mechanism of this
process is related to the body's immune
response to infection, including the ac-
tivation of osteoclasts. Finally, the com-
mon lymphatic system, which connects
all structures of the maxillofacial region,
is of great importance [1,2].

Currently, it is proved that the cause
of endo-periodontal lesions (EPL) is the
association of microbial communities —
biofilms. As a result of bacterial contam-
ination, first of all, the epithelium is dam-
aged, there by provoking an increase in
periodontal permeability for pathogenic
microorganisms and their metabolic prod-
ucts, which initially leads to inflammation
of periodontal tissues and subsequently
to bone destruction[3,4,7].

Inflammatory processes occurring
in the pulp and periodontal tissues can
cause both auto-and heterosensitization
of the body, which, in turn, leads to a
decrease in its immune defense. In the
current pathogenesis of EPL, it is recog-
nized that immune components play an
important role. Studies show that assess-
ment of the local immune status of the
oral cavity in inflammatory diseases of
the mouth can be useful both for diagno-
sis and for predicting the consequences
of diseases|[5,6].

Immunocompetent cells responsible
for protecting the body can also initiate
destructive processes. The protective
function is that the lack of the immune
system often leads to pulp and periodon-
tal pathologies. The destructive function
is manifested through the ability of im-
mune cells to secrete cytokines, which
causes the destruction of connective tis-
sue and bone resorption. This suggests



that early elimination of bacterial contam-
ination may increase the chances of de-
veloping immunological reactions that do
not lead to bone loss[8, 10].

Modern studies have confirmed that a
decrease in the reactivity of the immune
system is associated with dystrophic
changes and impaired regeneration pro-
cesses in periodontal tissues. The level
of cytokines in saliva can serve as an
indicator of the activity of macrophages
and monocytes located in the oral mu-
cosa[1,7].

Some studies indicate that minimal
amounts of pro-inflammatory cytokines
are necessary for the formation of an
inflammatory focus and subsequent re-
covery. At the same time, high levels of
IL-1B and IL-6 may indicate a chronic in-
flammatory process. Scientists suggest
that an imbalance in the level of cyto-
kines plays a key role in the development
of chronic inflammatory reactions, which
gives cytokines significant diagnostic and
prognostic value[4,7].

The aim of our study was to determine
the effectiveness of studying the level of
cytokines in the diagnosis of endo-peri-
odontal lesions.

Materials and methods. The study
was conducted on the basis of the den-
tal clinic of the Kazan State Medical Uni-
versity of the Ministry of Health of the
Russian Federation. The sample includ-
ed 129 people aged 23-54 years, who
sought dental care, who were divided into
two groups depending on the presence
of endo-periodontal lesions (EPL): the
main group and the comparison group.
The main group included 82 patients
who had a combination of endodontic
and periodontal lesions in one sector
during clinical examination, including 30
men (36.4%) and 52 women (63.6%).
The comparison group consisted of 47
patients with healthy periodontitis, in-
cluding 25 men (55.6%) and 22 women
(44.4%). The clinical examination includ-
ed assessment of hygiene status using
the Green—Vermillion Simplified Hygiene
Index (OHI-S), as well as periodontal
status determined by the bleeding index
(SBI), Russell periodontal index (PI) and
PMA. The state of local immunity was de-
termined by the level of pro-inflammatory
(TNF-a, IL - 1B, IL-6) and anti-inflamma-
tory (IL-4, IL-10) cytokines and IgA, using
an enzyme-linked immunosorbent assay,
with the inclusion of a set of reagents
from Vector-Best LLC (Russia) accord-
ing to generally accepted rules in the
Central Research Laboratory FEDERAL
State Budgetary Educational Institution
Of Higher Education Of The Ministry Of
Health Of The Russian Federation. Sta-

tistical analysis was performed using
the IBM SPSS Statistics 20 program To
assess the diagnostic significance of
quantitative features in predicting a cer-
tain outcome, the method of ROC-curve
analysis was used.

Results and their discussion. Data
analysis showed that the differences be-
tween the groups by gender did not reach
statistical significance (p=0.198). The
average age of participants in the main
group was 38.5 years (Q1-Q3: 33.0-47.0
years), while in the control group it was
23 years (Q1-Q3: 22.0-25.0 years). The
differences in age between the study
groups were statistically significant
(p<0.001), which indicates a significantly
older age of patients with EPL.

Comparison of the studied groups was
also carried out by the level of cytokines
in saliva. The results of the analysis clear-
ly demonstrated the presence of statisti-
cally significant differences in the levels
of all studied cytokines in the oral fluid
of participants, which depended on the
presence of EPL (p<0.001). The study of
cytokine levels in patients with EPL made
it possible to identify promising markers
for early diagnosis and assessment of the
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severity of the disease. Tumor necrosis
factor-a (TNF-a) is a pleiotropic cytokine
that is considered in numerous studies as
a key mediator of immune inflammation
in various human pathologies. Compar-
ing the level of TNF-a in patients with
EPL and healthy persons, it was found
that its concentration in the oral fluid of
patients with EPL was significantly higher
than in the control group. Accordingly, the
level of TNF-a in the oral fluid, equal to
2.0 pg/ml, can serve as a dividing value.
This makes it possible to classify patients
according to the presence of EPL with
100% diagnostic efficiency. (Table 1).
Analysis of interleukin-10 (IL-10) con-
centrations showed that values of < 2.05
pc/ ml predict a high risk of developing
EPL. IL-10 levels above this threshold
were associated with a low probability
of disease. However, IL-10 is only one
of many factors involved in the patho-
genesis of EPL. Its role is complex and
multifaceted: IL-10, being an anti-in-
flammatory cytokine, can both suppress
inflammation and promote its develop-
ment, depending on the balance with
other cytokines and the conditions of the

immune response.
Table 1

Comparative analysis of cytokine content in oral fluid depending on the presence

of EPL
of the study groups
Cytokines Main Comparison p
Me Ql'Q3 Me Ql'Qs

TNF, pkg/ml 17.38 11.85-24.71 1.24 1.01-1.62 <0.001*
IL-10, pkg / ml 1.0 0.69-1.38 3.85 3.07-5.14 <0.001*
IgA, g/1 5.23 3.92-6.79 1.96 1.61-2.87 <0.001*
IL-6, pkg / ml 8.91 6.17-11.46 2.25 1.23-3.66 <0.001*
IL-1PB, pkg / ml 9.86 8.34-13.28 1.85 1.21-2.92 <0.001*
IL-4, pkg / ml 12.58 8.39-19.73 2.54 1.08-3.57 <0.001*

* - differences in indicators are statistically significant (p<0.05)

Table 2

Data from ROC analysis of the relationship between the level of cytokines in the oral
fluid and the presence of EPL

. Area under the ROCcurve (S_ ) Diagnostic efficacy
Cytokines cut-off Y

S, Am 95% N Se, % Sp, %

TNF, pkg / ml 2.0 1.0 1.0-1.0 100.0 100.0
IL-10, pkg / ml 2.05 0.95+0.03 0.89-1.0 99.1 88.9
IgA, g /1 3.18 0.92+0.03 0.87-0.98 84.5 83.3
IL-6, pkg / ml 4.69 0.95+0.02 0.91-0.99 91.8 83.3
IL-1B, pkg / ml 4.08 0.98+0.01 0.95-1.0 93.6 94.4
1L-4, pkg / ml 4.836 0.98+0.01 0.96-1.0 94.5 94.4
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Further analysis expanded the range
of markers studied to include IL-6, IL-4,
IL-1B8, and IgA. Evaluation of the prog-
nostic value of these indicators showed
that TNF-a shows the greatest correlation
with the development of EPL, followed by
IL-10, IL-4, and IL-1B. This indicates an
important role of pro-inflammatory cyto-
kines in the development and progres-
sion of the disease. It is important to note
that high levels of IgA in saliva do not
always correlate with the severity of the
disease, which may be due to its diversity
of isotypes and its role in various immune
mechanisms. (Table 2).

For a more in-depth study of the
pathophysiological mechanisms of EPL,
a correlation analysis of the relationship
between cytokine levels and dental indi-
ces was performed: periodontal Russell
index (PI), gum bleeding index (SBI), and
PMA. The results of the analysis revealed
statistically significant direct correlations
between PI values and TNF-qa, IL-6, IL-
1B, and IL-4 concentrations in patients
suffering from EPL. This indicates a
strong relationship between the severity
of inflammatory processes in periodontal
tissues and the level of pro-inflammatory
cytokines.

Correlations between SBl and cy-
tokine concentrations (TNF-a, IL-10,
IL-6, IL-1B3, IL-4) were also statistically
significant, but were characterized by a
low density. This may indicate that gum
bleeding is only one indicator of the in-
flammatory process, while a comprehen-
sive analysis should take into account a
wide range of different biomarkers.

An increase in the Pl, PMA, and SBI
indices significantly correlated with high
levels of TNF-qa, IL-6, and IL-1B, as well
as with lower levels of IL-4 and IgA.
These results confirm the multifactorial
nature of periodontal inflammation, which
includes both pro-and anti-inflammatory
cytokines. The levels of TNF-a, IL-10, IL-
4, and IL-1B demonstrated the greatest
prognostic significance for assessing the
risk of developing chronic inflammation.
(Table 3). In particular, TNF-a occupies
a leading position in the ranking of prog-
nostic markers.

Moreover, there were statistically sig-
nificant differences in the concentrations
of TNF-a and IL-6 in the oral fluid of pa-
tients with EPL, depending on the se-
verity of periodontal damage (PI), which
emphasizes the role of these cytokines
in the progression of the disease. TNF-q,
being a powerful pro-inflammatory cyto-
kine, stimulates the production of other
inflammatory mediators, and IL-6 plays
a key role in regulating the inflammato-

Table 3

Data of correlation analysis of the relationship between the level of cytokines
in the oral fluid and dental indices

Dental indexes
Cytokines OHI-S PI PMA SBI
Pyy p Pyy p Pyy p Pyy P
TNF 0.027 0.779 0.286 | 0.002* | 0.093 0.334 0.251 | 0.008*
IL-10 -0.085 | 0.376 0.034 0.728 | -0.074 | 0.444 0.188 | 0.049*
IgA 0.006 0.953 | -0.009 | 0.928 | -0.012 | 0.902 | -0.006 | 0.949
IL-6 -0.084 | 0.383 0.332 [<0.001*| 0.058 0.545 0.235 | 0.014*
IL-1B 0.039 0.684 0.274 | 0.004* | 0.077 0.422 0.221 0.02*
IL-4 -0.06 0.536 0.224 | 0.019* | 0.118 0.219 0211 | 0.027*

* - the correlation is statistically significant (p<0.05)

ry response and the body's systemic re-
sponse to infection. Understanding this
relationship opens up new opportunities
for developing personalized therapies fo-
cused on controlling the levels of these
cytokines.

Conclusion. The study of periodontal
status and its relationship with the lev-
el of cytokines in the oral fluid revealed
important correlations that indicate the
prospects of using immunological mark-
ers for the diagnosis and prediction of the
course of periodontal diseases. The ob-
tained data confirm the high informative
value of the analysis of cytokines in the
oral fluid for the diagnosis and monitoring
of the treatment of periodontal diseases.
Determination of TNF-a, IL-1f, IL-6, IL-
10, and IL-4 levels in mixed saliva can
serve as an additional tool for evaluating
the effectiveness of therapy and predict-
ing the risk of complications. It is import-
ant to note that using only the applied in-
dices may not be sufficient to fully assess
the severity of periodontitis and predict
its course. An integrative approach that
combines clinical assessment with labo-
ratory methods for determining cytokine
levels allows you to get a more complete
and reliable picture of the periodontal
condition and make more informed treat-
ment decisions.
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Introduction. In modern clinics, the
incidence of atherosclerosis (AS) occur-
ring in comorbidity (CM) conditions is
increasing [1, 3, 6]. Depending on the
localization and severity of AS, certain
clinical and morphological manifestations
are formed [6, 7]. Starting with endotheli-
al dysfunction followed by a specific cas-
cade of intra- and intercellular reactions,
AS can form one of the pathogenetic plat-
forms of cardiovascular CM [9]. Risk fac-
tors for endothelial damage, early stages
of AS include: hypercholesterolemia, hy-
perhomocysteinemia, elevated cytokine
levels (interleukins-1 and -8, tumor ne-
crosis factor alpha), and oxidative stress
(OS) [6]. The study of genes — markers of
oxidative stress (OS) and the antioxidant
defense system, such as Nrf2, is actively
developing. Nrf2 — (Nuclear factor etyth-
roid 2-related factor 2) is a transcription
factor with antioxidant effects associated
with the pathogenetic mechanisms of
some forms of cardiovascular pathology
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(CVP) [15]. Nrf2 regulates the biosyn-
thesis, utilization and regeneration of
glutathione, thioredoxin and NADPH, as
well as the production of reactive oxygen
species and NADPH oxidase to maintain
cellular redox homeostasis [20]. Studies
have shown the possibility of therapeutic
effects in atherosclerosis by activating the
NrF2-dependent anti-inflammatory effect
[11] and the inhibitory effect of the Keap/
Nrf2 system on macrophage ferroptosis
[13]. Nrf2 can reduce the risk of chronic
diseases associated with atherosclerosis
due to the corrective effect on endotheli-
al function [14]. In OS, destruction of cell
membranes occurs due to lipid peroxida-
tion processes, reduction of antioxidant
activity, as well as phospholipase hydro-
lysis. When the endothelium is damaged,
the production of active oxygen species
is activated, which have a vasoconstric-
tor effect, providing an increased tone of
smooth muscle cells. A vasomotor form
of endothelial dysfunction (ED) occurs,
which is important in the mechanisms of
both a systemic increase in blood pres-
sure and local angiospasm, which em-
phasizes its role in the pathogenesis of
cardiovascular diseases; dyslipidemia
is closely associated with the activation
of lipid peroxidation mechanisms and
radical formation. Hypercholesterolemia
leads to a decrease in NO production and
a decrease in its vasodilating effect. On
the surface of LDL in the intima of blood
vessels, the LOX-1 receptor is present,
the elevated level of which in patients
with hypercholesterolemia and arterial

hypertension (AH) is combined with a
decrease in NO-dependent vasodila-
tion and, accordingly, the progression of
vascular damage [9]. The most common
clinical method for diagnosing athero-
sclerotic blood flow disorders in the main
arteries is ultrasound duplex scanning of
arteries [4]. However, this method is fi-
nancially expensive and difficult to apply
for developing approaches to predicting
the progression of AS.

In this regard, the study of the charac-
teristics of atherosclerotic changes and
the state of the Nrf2-dependent antioxi-
dant system in comorbid patients with AS
is relevant.

The purpose of the study. To study
the features of the dependence of the
degree of atherosclerotic stenosis of the
carotid arteries on the level of expression
of genes - markers of oxidative stress in
patients with atherosclerosis and comor-
bid pathology.

Material and methods of research.
The study included 51 patients of the
Clinic of the Federal Research Center for
Fundamental and Translational Medicine
(FRC FTM). The sample included: 29 pa-
tients with verified carotid atherosclerosis
with stenosis of more than 30%, randomly
selected according to the established cri-
terion, 22 patients for comparative anal-
ysis, without carotid atherosclerosis or
with minor atherosclerotic changes in the
carotid arteries without stenosis. The age
of the patients studied ranged from 30 to
80 years. The average age was 64.9 +
7.2 years. 52% of patients included in the
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study were men, 48% were women. An
assessment was made of the presence
of diagnosed diseases reflected in the
main and concomitant diagnoses in the
medical records during hospitalization of
patients, as well as a comparative analy-
sis of the presence of pathologies in each
of the two groups of patients. Verification
of diagnoses in patients was carried out
in accordance with current clinical guide-
lines. The patients underwent diagnos-
tic duplex scanning of the neck vessels
(Vivid E9, GE, USA) to determine the
diameter of the common carotid arteries
(CCA), internal carotid arteries (ICA), the
thickness of the intima-media complex,
peak systolic blood flow velocity and the
percentage of stenosis of the CCA and
ICA. The level of the lipid spectrum of the
blood was determined in the serum tak-
en in the morning on an empty stomach;
the indicators of total cholesterol (TC),
low-density lipoprotein cholesterol (LDL),
alpha cholesterol and triglycerides (TG)
were determined. The measurements
were carried out on a biochemical ana-
lyzer "BECKMAN COULTER AU480"
The expression level of polymorphisms
of the gene of the antioxidant defense
system NRF2, HMOX1, GSTP1, NQO1
was determined in a group of comorbid
patients with atherosclerosis with varying
degrees of verified stenosis of the carotid
arteries, as well as in a comparison group
by PCR (polymerase chain reaction), us-
ing a CFX96 amplifier (Bio-Rad Labora-
tories). Work on determining gene ex-
pression was carried out on the basis of
the "laboratory of molecular mechanisms
of free-radical processes" of the FRC
FTM (head of the laboratory and chief
researcher - MD Elena Bronislavovna
Menshchikova). RNA was isolated using
a special ready-made reagent kit ("Lira"
from BioLabMix). The obtained RNA
samples were subjected to the reverse
transcription procedure to obtain cDNA
using a special reagent kit "Reverta-L"
("Amplisens" by Helicon) according to the
instructions. The comparative expression
of mRNA of the genes NRF2, HMOX1,
GSTP1, NQO1 was studied using the re-
al-time PCR method on a CFX96 ampli-
fier (Bio-Rad Laboratories). The house-
keeping gene GAPDH1 was used as a
reference. The amplification reaction was
carried out as follows: a 20 yl PCR re-
action mixture was prepared containing:
10 pl Biomaster HS-gPCR SYBR Blue
(2x) reaction mixture (high-throughput
recombinant HS-Taq DNA polymerase,
deoxynucleoside triphosphate mixture,
PCR buffer, MgCl, SYBR Green |, inert
dye), forward and reverse primers, DNA
template, sterile water. Amplification was

Table 1

Differences in gene expression in the main and comparison groups

Groups NRF2* HMOXT*
Main group 0.67+0.21 0.75+0.21
Comparison group 1.20+0.38 2.05+0.21

Note. * - statistical difference between the parameters of the main and comparison groups,

p <0.05.

performed according to the following pro-
gram: 5 minutes at 95 °C for preliminary
denaturation, then 40 cycles: 10 seconds
at 95 °C for denaturation, 15 seconds at
60 °C for primer annealing, fluorescent
signal collection, 20 seconds at 72 °C -
elongation. The mRNA expression level
of genes was calculated according to the
2-AACT method and normalized rela-
tive to the reference housekeeping gene
Gapdh1. The 2-AACT method is widely
used as a relative quantification strategy
for quantitative analysis of real-time PCR
data. The method used is a convenient
way to calculate relative gene expression
levels between different samples, allow-
ing direct use of threshold cycles (Ct/Cq)
obtained by the real-time PCR system on
a thermocycler for calculation.

Statistical analysis of the data was
performed using the statistical software
package "STATISTICA 10.0" (StatSoft
Incorporated, USA). Normal distribution
of indicators was estimated using the
Kolmogorov-Smirnov criterion. Paramet-
ric and nonparametric statistics meth-
ods were used. Quantitative parameters
were described by calculating arithmetic
means and standard error of the mean
(M+SE). Qualitative parameters were
described by calculating the frequency
of occurrence of a feature (n (%)). The
t-test for comparison of independent vari-
ables was used to analyze the statistical
significance of differences in quantitative
indicators. Spearman correlation anal-
ysis was performed. Differences were
considered statistically significant at a
significance level of p<0.05.

Results and discussion. In the main
group of patients, the average values of
expression of the antioxidant defense
genes Nrf2 (0.67+0.21) and HMOX1
(0.75+0.21) were statistically significantly
lower than in the comparison group (Ta-
ble 1).

In the main group of examined pa-
tients, a more frequent occurrence of
expression of the antioxidant defense
genes NRF2, GSTP1, HMOX1 below the
reference values than within or above the
reference values was revealed: NRF2
- in 57% (Fig. 1, a), GSTP1 - in 86%

= below the reference values
® within or above the reference values
b

14% GSTPI

= below the reference values

= within or above the reference values
c

HMOXI

/
%

= below the reference values
= within or above the reference values

Fig. 1. Distribution of the expression level
of antioxidant defense genes in relation to
reference values in the main group of patients:
a-NRF2,b-GSTP1, c - HMOX1

(Fig. 1, b), HMOX1 - in 77% (Fig. 1, c).
The level of expression of the NQO7
gene in the main group was higher than
the reference values in 60% of those ex-
amined.

A comparative analysis of the in-
cidence of comorbid pathology in the
examined patients was performed: hy-



pertension, coronary heart disease; pre-
vious acute myocardial infarction, acute
cerebrovascular accident, type 2 dia-
betes mellitus (Fig. 2). The average co-
morbidity index for the above-mentioned
diseases (1 point for each nosological
form) was calculated for each patient
and the average value in the groups was
calculated. In the main group, the comor-
bidity index was statistically significantly
(p<0.05) higher (3.24+0.27) than in the
comparison group (1.06+0.25) (Fig. 2).
The incidence of nosological forms in the
groups was as follows: in the main group,
hypertension was present in all subjects,
in the comparison group - in 62.5% of pa-
tients, which is 37.5% more than in the
main group. Ischemic heart disease was
69.5% more common in the main group
than in the comparison group: 88.2% and
18.7%, respectively. Acute myocardial in-
farction in the anamnesis was more com-
mon in the main group than in the com-
parison group (12.5%) (70.5%). Acute
cerebrovascular accident in the anam-
nesis was 16.8% of cases in the main
group, which is 10.55% more common
than in the comparison group (6.25%).
Type 2 diabetes mellitus was 41.2% in
the main group; there were no patients
with type 2 diabetes in the comparison
group (Fig. 2).

Maximum degree of stenosis of the
carotid arteries in the main group of ex-
amined patients was up to 81%, the av-
erage degree of stenosis of the common
and internal carotid arteries was from
31% to 45%.

In the main group, the average lipid
spectrum values did not exceed the refer-
ence values: TC 3.65 mmol/l [3.27; 4.74],
LDL 2.4 mmol/l [1.94; 2.91], TG 1.41
mmol/l [0.87; 2.67], at the same time, sig-
nificant direct correlations were revealed
between the level of TC, LDL in the blood
serum and the diameter of the common
carotid artery, the level of TG and the di-
ameter of the internal carotid artery (Ta-
ble 2), which is explained by an increase
in the rigidity of the vascular wall with a
shift in lipid values towards the proath-
erogenic side, even within the reference
values. In the main group, an inverse cor-
relation was found between the expres-
sion of the GSTP1 gene and stenosis of
the left internal carotid artery (r = -0.59;
p <0.05) (Table 2), an inverse correlation
was found between the expression of the
HMOX1 gene and the severity of steno-
sis of the right internal carotid artery (r =
-0.45; p <0.05).

The study showed the relationship be-
tween the degree of atherosclerotic ste-
nosis of the carotid arteries, the level of
expression of antioxidant defense genes
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Fig. 2. Incidence of comorbid pathology in the main group and the comparison group: ICI —
comorbidity index (in points), AMI — acute myocardial infarction; CHD — ischemic heart disease:
ACC - acute cerebrovascular accident: DM 2 — diabetes mellitus type 2, * - p < 0.05

and some indicators of lipid metabolism
in patients with comorbid pathology. In
modern clinical practice, the incidence
of cardiovascular pathology increases in
conditions of comorbidity, which is most
important in patients with cardiovascular
pathology [8]. Combined pathology is as-
sociated not only with an increase in the
number of patients with several diseases,
but also the difficulties of organizing di-
agnosis and treatment, with the severity
of the condition of these patients, "mask-
ing" different nosologies with similar syn-
dromes, predicting the course of diseas-
es and the difficulties of preventing com-
plications, therefore accurate diagnosis
is important using new modern methods
[2]. Hypertension, the most common CM
in the examined patients, is a multifac-
torial disease [5]. The pathogenesis of
hypertension is closely related to athero-
sclerosis and lipid metabolism disorders
[17]. Oxidation of low-density lipoproteins
to oxidized LDL (oxLDL) under conditions
of oxidative stress is one of the stages
of the pathogenetic cascade of athero-
sclerosis [10], which is a manifestation
of the pathogenetic relationship between

OS and dyslipidemia. Increased secre-
tion of chemokines by endothelial cells
and increased expression of adhesion
proteins on their surface allow them to
recruit monocytes into the intima of the
arteries, and monocytes differentiate
into macrophages, which subsequently
phagocytize lipids and form foam cells
that undergo necrosis and apoptosis,
forming the lipid necrotic nucleus of ath-
erosclerotic plaque. Damaged endotheli-
al cells during OS secrete growth factors
to activate smooth muscle cells (SMC),
which migrate through fenestration in
the inner elastic membrane and phago-
cytize lipids mediated by surface lipopro-
tein lipase receptors, forming foam cells
derived from SMC. In the late stages of
AS, SMCs secrete extracellular matrix
(collagen and elastin), forming fibrous
capsules that increase the instability of
atherosclerotic plaques [18]. An import-
ant role in regulating the cell response
to OS is played by the Nrf2, which is a
member of the Cap'collar (CNC) family
of transcription factors — Bzyb (basic leu-
cine lightning proteins) with 7 functional
domains, participating in the regulation

Table 2

Correlations of ultrasound, laboratory parameters and the level of gene expression
in the main group of patients

Indicators expression of | Diameter of | Diameter of

GSTP1 the right CCA | the left ICA
Stenosis of the left internal carotid artery -0.59%* -0.51 0.37
Total serum cholesterol -0.35 0.55% 0.26
Low-density lipoproteins -0.13 0.53* 0.45
Triglycerides 0.02 0.32 0.58*

Note. CCA — common carotid artery; ICA — internal carotid artery; * - statistical significance

of the indicator p <0.05
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of their stability or transcriptional activity.
[19]. Nrf2 is associated with the ubiquitin
ligase complex Keap1/Cu13 (Kelch-like
epichlorohydrin-associated protein 1/
Cullin 3, which inhibits its activity. Under
oxidative stress or similar stimuli, cyste-
ine residues are modified in Keap1 and
protein binding with the Nrf2 is stopped.
After exiting the complex, Nrf2 enters the
nucleus and forms a heterodimer with
the small protein Maf (Nrf2-Maf) [16].
The formed heterodimers combine with
the elements of the antioxidant response
(ARE) in the initiation domain in a se-
quence-specific manner [19], promoting
the transcription of antioxidant enzymes.

Thus, the fact that a decrease in the
expression of antioxidant protection
genes contributes to the development
and progression of atherosclerosis in
CVP has been confirmed in studies,
however, there is little clinical evidence
on the involvement of the Keap1/Nrf2/
ARE regulatory system in atherogenesis
in comorbid patients with atherosclero-
sis. The results obtained in this study of
a decrease in the expression of the Nrf2
transcription factor gene, and the genes
of antioxidant protection proteins as ar-
terial stenosis increases clinically confirm
the hypothesis of their involvement in the
pathogenesis of atherosclerosis.

Conclusion. Low expression rates of
genes Nrf2, GSTP1, HMOX1 are asso-
ciated with a greater severity of athero-
sclerotic stenosis of the carotid arteries
in patients with comorbid pathology. In a
group of patients with carotid atheroscle-
rosis and severe or moderate stenosis of
the carotid arteries, an inverse correla-
tion was found between the expression
of the GSTP1 and HMOX1 genes and the
degree of stenosis. The new fundamen-
tal data obtained can be used to develop
a new medical technology for predicting
the progression of atherosclerosis.
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A comparative analysis of the location of occlusal landmarks on orthopantomogram and teleradiogram in normal and occlusive pathology was
carried out, which has a high level of information value in planning orthopedic treatment in patients with defects of dental arches and dental-alveolar
anomalies of occlusion. In the course of comparative analysis of orthopantomogram and teleradiogram data, it was determined that the infraden-
tal-occlusal horizontal, as a rule, was parallel to the gnathic horizontal. The ratio of the size of the alveolar-articular line (Cond-A) to the size of the
segment crossed by the articular circle line on the teleradiogram was 1.50+0.09. At the OPG, when analyzing linear parameters, it was noted that
the ratio of the distance from the "Cond" point to the intersection with the aesthetic median vertical to the segment of the articular circle intersected
by the line was 1.61+0.1, which was close in value to the Fibonacci number. This circumstance allowed the use of the principle of the "golden
section" in determining the radius of the circle in anomalies of the position of the molars in the vertical direction. A comparative analysis of the
location of occlusal landmarks on the orthopantomogram and teleradiogram in normal and occlusion pathology showed that both methods of X-ray
examination can be used in the clinic of prosthetic dentistry in the diagnosis of dental-alveolar forms of occlusal anomalies and for the selection of
treatment methods for patients with defects of dental arches that are not limited on the distal side of the arch. In addition, the intersection point of
the occlusal lines and infradental-occlusal horizontals, which are located in the same way on both types of X-rays, which makes both methods of
X-ray examination acceptable in the clinical practice of dental prosthetics.

The results obtained reveal that when constructing the occlusal line, it is most appropriate to use its parallelism with the gnathic horizontal,
connecting the supramental point Downs with the lower diameter of the articular circle. At the same time, the use of parallelism of the infradental-oc-
clusal horizontal with the gnathic line of the lower jaw in the clinic of prosthetic dentistry makes it possible to use them in determining the position

of the distal occlusal point.

Keywords: orthopantomography; teleradiography; occlusal line; articular horizontal; distally unlimited defects of dental arches
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Introduction. Methods for assessing
the condition of the maxillofacial region
based on X-ray data are widely used in
the clinical practice of dentists [8,11]. In
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the presented works, the authors carried
out a detailed comparison of the X-ray
and morphometry data of native skull
specimens with a complete set of teeth
of permanent occlusion. Data on the ratio
of the sizes of the upper and lower jaws,
taking into account odontometric indica-
tors, were noted.

In the clinical examination of patients,
teleradiography is an irreplaceable meth-
od of examination, in which the position of
the structures of the maxillofacial region in
relation to linear landmarks is assessed.
The most significant and controversial is-
sues of orthodontics and prosthetic den-
tistry are the methods of constructing and
analyzing the occlusal plane [1]. In the
presented scientific study, recommenda-
tions are given to focus on the position
of the mandibular plane when construct-
ing the alveolar-occlusal horizontal of the
lower jaw. The author used the obtained
landmark for further construction of the
occlusal horizontal and determined their
stable position regardless of the type of
jaw growth and the size of the mandibular
angle.

The works of researchers comparing
the position of the mandibular plane on
orthopantomograms and teleroentgen-
ograms of the same patients deserve
attention [10]. In this study, the author
showed various options of construct-
ing the mandibular plane and revealed
certain regularities when comparing the
marked horizontal on different types of
roentgenograms. However, this study
was limited only to the position of the
mandibular horizontal, and the starting
point of the orthopantomograms was
the constructive point of the angle of the
mandible, without taking into account the
proportionality of the branch and the body
of the organ under study. At the same
time, the study was carried out in people
with a physiological occlusal norm.

Specialists draw attention to the need
for a comprehensive examination of pa-
tients with various dental pathologies,
including X-ray, functional and laborato-
ry methods. The effectiveness of such
studies was demonstrated by the authors
using the examples of diagnosis and
treatment of dental patients in combina-
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tion with somatic pathology, in particular,
diabetes mellitus and connective tissue
dysplasia [3,5].

The analysis of the position of the oc-
clusal plane is significantly complicated
by numerous variants of anomalies of the
maxillofacial region, in which the position
of key teeth of different classes changes,
which in its turn affects the condition of
hard tissues and the periodontal complex
[6,14].

When assessing the position of the
occlusal plane when it deviates from the
azimuth of the pupillary horizontal, the
researchers recommend evaluating teler-
oentgenogram in direct projection and or-
thopantomography data [9]. This type of
anomaly is recommended by the authors
to be defined by the term "transversal oc-
clusion". This study was carried out tak-
ing into account the growth of the jaws.
However, relatively stable landmarks for
the construction of the occlusal line are
not shown, and the features of the tem-
poromandibular joint, which determines
the biomechanics of the mandible, are
not taken into account.

This feature was noted by specialists
studying the spatial arrangement of the
bone elements of the mandibular joint,
taking into account the trusal types of
dental arches and the location of ante-
rior teeth in the gnathic complex [2]. In
the presented material, experts noted the
effect of occlusal balance of the anterior
teeth on the shape of the articular fossa
and the location of the mandibular head
in it.

The issues of proportionality of dental
arches and the size of the craniofacial
complex are presented in the classifica-
tions of specialists in the analysis of the
physiological occlusal status [4,7,12].
However, in the course of the study,
the authors compared the biometrics of
the dental arches with the morphometry
of the head and face, which did not al-
low assessing the position of the teeth
relative to the occlusal horizontal in the
structure of the gnathic complex. Never-
theless, a comparative analysis of the pa-
rameters of the head and dental arches
determines the algorithm for predicting
the size of dental arches in anomalies
[13].

Data on the position of the structures
of the maxillofacial region of the head rel-
ative to the location of stable anatomical
landmarks were shown by the specialists
and the features of different periods of
ontogenesis were noted [15]. Information
is presented on the variability of the po-
sition of the teeth relative to the occlusal
plane in various anomalies and variants
of bite height reduction [16].

Nevertheless, we did not find informa-
tion about the position of the teeth rela-
tive to the occlusal plane, built consid-
ering the location of the elements of the
mandibular joint, on teleroentgenograms
and orthopantomograms at the same
time, which determined the purpose of
the work.

Research objective: To conduct a
comparative analysis of the location of
occlusal landmarks on orthopantomo-
gram and teleroentgenogram in normal
conditions and malocclusion.

Material and methods of research.
In the course of the retrospective study,
the analysis of teleroentgenograms
(TRG) and orthopantomograms (OPG)
of the same young people with physio-
logical occlusion, necessary for the de-
velopment of a method of comparative
analysis, was carried out. For this pur-
pose, 38 clinical cases were analyzed.
At the second stage, similar data were
analyzed in 23 individuals with distally
unlimited defects of the dental arches,
in whom vertical occlusion anomalies
were identified, in particular, the protru-
sion of antagonists. This study made it
possible to clarify the diagnosis and de-
termine the tactics of therapeutic mea-
sures.

For the convenience of analysis,
scaled (1:1) photographs of X-ray images
were placed in the Power Point program,
after which point landmarks were placed,
among which the main ones were those
that were placed on the TRG and OPG.
The main points on the TRG and OPG, in
accordance with the purpose of the work,
were articular ones (Cond), installed in
the upper part of the jaw head. The infra-
dental point (Id) was located on the TRG
in the upper part of the alveolar part on
the vestibular side near the incisor neck.
On the OPG, the indicated landmark was
located along the midline between the
incisors-anthemers in their cervical part.
Of the chin points, the most rational was
considered to be the setting of the "gna-
tion" (Gn) point. On the OPG, the point
was located in the lower part of the jaw
body along the midline. On the TRG, this
landmark was projected on the lower
point of the chin, protruding anteriorly. On
the second lower molar in the distal part
of the occlusal surface, an occlusal point
"hPOcP" was installed on both TRG and
OPG.

The auxiliary points on the TRG in our
study were landmarks for the construc-
tion of the skull base line (N-Se), the na-
sal vertical of the face (n-sn), the Drey-
fus line, and the occlusal line (hPOcP-
vPOCP). Besides, the points of the apical
bases ("A" and "B") and the supramental

point (sm) on the skin of the chin were
marked (Fig. 1).

The use of Microsoft PowerPoint al-
lowed the construction and combination
of lines and shapes to enable compara-
tive analysis.

The analysis of the location of occlusal
landmarks is based on the construction
of an articular circle, the radius of which
was the distance from the apex of the
articular head to the occlusal point of
the distal odontomer of the second mo-
lar (Cond-hPOcP) and the construction
of the circle was carried out both on the
TRG and on the OPG on both sides. The
occlusal line on the TRG connected the
anterior and distal occusal points. On the
OPG, the distal points were connected
by a straight line. An infradental-occlu-
sal line connected the "Id" point with the
distal molar points "hPOcP". The lower
gnathic horizontal was drawn from the
gnathion point (Gn) to the position point
of the lower diameter of the circle on one
side of the TP and on both sides of the
OPG (Fig. 1).

The line connecting the articular points
was an auxiliary landmark on the OPG.
On TRG, the nasal vertical and the Drey-
fus line were used to clarify the position
of the points of the apical bases of the
jaws when the projection of the tips of the
incisor roots on the alveolar bone was
not clear. At the same time, the subspi-
nal point Downs ("A") was located at the
intersection of the perpendicular to the
Dreyfus line coming out of the subnasal
cutaneous point "sn". When determining
point “B”, a perpendicular was construct-
ed to the nasal vertical, which passed
through the supramental point “sm” to the
junction with the alveolar part of the jaw.
In the TRG, point "A" was used to build
the alveolar-articular radial line, and point
"B" was connected to the lower diameter
of the circle, obtaining the lower alveolar
line.

After drawing the X-ray images, linear
and angular parameters were evaluated.
The distance from the "Cond" point to the
point of intersection with the articular cir-
cle line was measured on the OPG. The
angles formed by the median aesthetic
vertical and the infradental-occlusal hor-
izontal, as well as the angle of inclination
of the gnathic line to the specified verti-
cal, were measured. The parallelism of
the articular and occlusal lines was as-
sessed.

On TRG, the ratio of the alveolar-artic-
ular radial line with the segment crossed
by the articular circle was determined.
The angles of deviation of the horizontal
lines of the TRG from the Dreyfus verti-
cal were determined and the parallelism
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Fig. 1. Location of the main points on the TRG (a)
and OPG (b)

of the lower alveolar horizontal and the
occlusal line was estimated. The location
of the infradental-occlusal horizontal in
relation to the gnathic line was also com-
pared.

Numerical indicators were evaluated
in Microsoft Excel, calculating mean val-
ues with a representativeness error index
(Mtm) to determine reliability according
to Student.

Results and discussion. In the
course of a comparative analysis of the
TRG and OPG data, it was determined
that the infradental-occlusal horizontal,
as a rule, was parallel to the gnathic hor-
izontal, both on the TRG and OPG. Par-
allelism of the TRG occlusal line with the
inferior alveolar line was also noted. On
the OPG, the articular horizontal at phys-
iological occlusion was parallel to the oc-
clusal intermolar horizontal (Fig. 3).

When analyzing the linear parame-
ters on the TRG, it was noted that the
ratio of the size of the alveolar-articular
line (Cond-A) to the size of the segment
crossed by the articular circle line was
1.50%£0.09. This coefficient can be used
to determine the radius of the articular

Fig. 2. Methodology of comparative analysis of the location

of occlusal landmarks on the TRG (a) and OPG (b)

circle in case of abnormal deviation of
the distal occlusal point in people with
occlusal anomalies and in the presence
of dental arch defects in the distal region.

When measuring angular parameters,
a significant variability of indicators was
revealed. However, a comparative analy-
sis revealed certain patterns.

At the OPG, when analyzing linear pa-
rameters, it was noted that the ratio of the
distance from the "Cond" point to the in-
tersection with the aesthetic median ver-
tical to the segment of the articular circle
crossed by the line was 1.61+0.1, which
was close in value to the Fibonacci num-
ber. This circumstance allowed the use
of the principle of the "golden section"
in determining the radius of the circle in
anomalies of the position of the molars in
the vertical direction.

The differences in the value of the an-
gle formed by the median aesthetic ver-
tical and the infradental-occlusal horizon-
tal, as well as with the angle of inclination
of the gnathic line to the specified vertical,
did not exceed one and a half degrees,
and the difference in the indicators for the
group accounted for 0.87+0.62 degrees.

The result proved the parallelism of these
lines and the possibility of using the
gnathic horizontal as a reference point for
the construction of the infradental-occlu-
sal line in occlusal anomalies.

A similar situation was observed on
the TRG when analyzing the slope of
these contours with the Dreyfus vertical.
In addition, the differences in the value of
the angles formed by the Dreyfus vertical
with the occlusal line and the lower alve-
olar horizontal accounted for 1.04+0.91
degrees. Thus, the lower alveolar hori-
zontal can be used to predict the location
of the occlusal line in malocclusion.

It is noteworthy that the point of inter-
section of the occlusal line with the infra-
dental-occlusal horizontal was located
on the distal occlusal point of the second
molar, which will make it possible to de-
termine the position of the distal occlusal
point in case of dental-alveolar deformity
of antagonists.

A comparative analysis of the results
of the study of roentgenograms of pa-
tients with distally unrestricted defects
of the dentofacial arches showed corre-
spondence in the location of the occlusal
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Fig. 3. Comparative analysis of the location of occlusal landmarks on
TRG (a) and OPG (b) in physiological occlusion

landmarks of the TRG with the data of the
analysis of orthopantomograms.

In the course of the study, the same al-
gorithm for constructing diagnostic lines
and figures was used as in people with
the physiology of bite ratios. The radius of
the articular circle on the TRG was deter-
mined by the ratio of the “Cond-A” size to
the coefficient of 1.5. But the OPG radius
was calculated through the ratio of half
the value of the interarticular distance
to the Fibonacci number (1.618). Infra-
dental-occlusal horizontals were drawn
in parallel with the gnathic lines in both
images (Fig. 4).

Attention is drawn to the point of in-
tersection of occlusal lines and infra-
dental-occlusal horizontals, which were
located in the same way on both types
of X-rays, which makes both methods of
X-ray examination acceptable in the clini-
cal practice of dental prosthetics.

Conclusion. Thus, a comparative
analysis of the location of occlusal land-
marks on the orthopantomogram and
teleradiogram in normal and occlusion
pathology showed that both methods of
X-ray examination can be used in the

Fig. 4. Comparative analysis of the location of occlusal landmarks on

TRG (a) and OPG (b) in pathological occlusion

clinic of orthopedic dentistry in the diag-
nosis of dental-alveolar forms of occlu-
sion anomalies and for the selection of
treatment methods for patients with den-
tal arch defects not limited on the distal
side of the arch. When constructing the
occlusal line, it is most expedient to use
its parallelism with the gnathic horizontal,
connecting the supramental point Downs
with the lower diameter of the articular
circle. The parallelism of the infraden-
tal-occlusal horizontal with the gnathic
line of the mandible allows their use in
determining the position of the distal oc-
clusal point.
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METHOD OF TREATMENT OF CHRONIC
PERIODONTITIS OF MEDIUM SEVERITY
WITH DYSBACTERIOSIS

Chronic periodontitis is the most widespread stomatologic disease, leading to tooth loss, disorder of occlusion, temporomandibular joint and
dento-mandibular system function, etc. At the same time, chronic periodontitis is more severe clinically when the balance of microflora is disturbed,
which determines the need to restore endoecological balance in the treatment of chronic periodontitis. In this regard, studies aimed at solving this
problem are relevant and have scientific and practical importance in clinical periodontology. Purpose of the study. To improve the effectiveness
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of complex treatment of chronic periodontitis with the substantiation of rational approach to the
correction of dysbiotic state and to develop practical recommendations. Study material. A clinical
and epidemiological study was conducted in groups with dysbiosis (n=504) and without dysbiosis
(n=732) aged from 15 to 74 years. At the same time, the developed method for the treatment of
chronic generalized periodontitis was used in 328 patients aged 35 to 48 years with concomitant
gastrointestinal diseases and laboratory-established grade 2 dysbiosis of the large intestine.
A randomized group, a blinding group and a placebo-control group were formed according to
the modern concept of evidence-based medicine. In the course of complex treatment to re-
store oral dysbiosis, a therapeutic paste was used locally with administration into the periodontal
pocket based on synbiotic “Bifikin Forte” 20 billion CFU, oil solution of vitamin “A” and zinc oxide
with subsequent fixation with protective dressing “Parasept”. In addition, oral administration of
synbiotic “Bifikin Forte” 20 billion CFU was prescribed. Results. Application of synbiotic in com-
plex treatment of chronic periodontitis promotes stimulation of growth of beneficial bacteria and
reduction of pathogenic microflora in periodontal pocket with subsequent reduction of intensity
of inflammatory process, edema and bleeding of periodontal tissues. Positive properties of the
therapeutic paste according to the developed method allow its application in clinical dentistry as
an alternative method of treatment of chronic localized and generalized periodontitis of medium
severity with dysbiosis of the second degree. In this case the developed method causes the
increase of clinical effectiveness of treatment of periodontal diseases characterized by inflam-
matory-destructive process of periodontal tissues, prevention of chronic foci of infection in the
maxillofacial region.

Keywords: periodontal tissues, inflammatory process, bleeding, gingival edema, gastrointes-
tinal tract, dysbiosis, oral cavity, synbiotic, treatment, prevention.
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Introduction. Modern research de-
termines the multifactorial development
of chronic periodontitis, which, when car-
rying out etiopathogenetic therapy and
prevention, cause some difficulties [3].
The development of the inflammatory
process is mainly associated with the ag-
gressive impact of periodontopathogen-
ic microorganisms with disturbances in
the oral cavity microbiota, impairment of
function of the dentoalveolar system [6].
In addition, poor oral hygiene, the pres-
ence of gastrointestinal diseases, de-
creased immunity, etc. have an import-
ant role in the pathogenesis of chronic
periodontitis [1; 9]. [1; 9]. At the same
time, gastrointestinal dysfunctions ac-
companied by intestinal dysbacteriosis
cause a pronounced course of chronic
periodontitis due to the activation of viru-

lence of periodontopathogenic microflo-
ra [8].

Complex treatment of periodontal
diseases involves the use of a wide
range of different means and methods
of therapy, prevention and rehabilita-
tion, which separately can lead to a
short-term clinical effect [5; 7]. At the
same time, the use of various means
in clinical periodontology is often insuf-
ficiently effective, especially in the pres-
ence of microflora disorders [4].

To date, the positive properties of us-
ing synbiotics in the therapy of chronic
periodontitis have been studied [2]. How-
ever, the problems of eliminating dysbi-
osis and the positive effect of probiotics
and prebiotics on the microflora of the
periodontal pocket have not been com-
pletely solved [4]. In this regard, studies



aimed at solving the above problems are
relevant.

Materials and methods of research.
A clinical and epidemiological study
was conducted in groups with dysbiosis
(n=504) and without dysbiosis (n=732)
aged from 15 to 74 years. In accordance
with the requirements of the modern
concept of evidence-based medicine, a
randomized (study) group (n=328) with
grade 2 dysbiosis, a blinded (compari-
son) group (n=31) without dysbiosis with
moderate chronic periodontitis, and a pla-
cebo control group (n=29) without dysbi-
osis with moderate chronic periodontitis,
where no treatment or preventive mea-
sures were taken, were formed, where
the age of the subjects ranged from 35
to 48 years. The study group used the
developed method for treating chron-
ic generalized periodontitis (application
for patent for invention No. 2024126815
dated 12.09.2024, a positive decision
received on the grant of a patent dated
27.12.2024). At the same time, in accor-
dance with the requirements of the mod-
ern concept of evidence-based medicine,
a randomized (study) group (n=328) with
dysbiosis of the second degree of sever-
ity, a blinded (comparison) group (n=31)
without dysbiosis with chronic periodon-
titis of the middle degree of severity and
a placebo-control group (n=29) without
dysbiosis with chronic periodontitis of
the middle degree of severity, where no
treatment and preventive measures were
carried out, were formed. Inclusion crite-
ria in the study were patients with chronic
generalized periodontitis of medium se-
verity with established diagnosis of sec-
ond-degree dysbiosis with concomitant
Gl pathologies, non-inclusion criteria
were patients with chronic generalized
periodontitis of mild and severe severity
, without dysbiosis and exclusion crite-
ria were patients who expressed unwill-
ingness to participate in the study. The
research was conducted in the dental
polyclinic and microbiological laboratory
of the Clinic of the Federal State Auton-
omous Educational Institution of Higher
Education “North-Eastern Federal Uni-
versity named after M.K. Ammosov”, as
well as in the inpatient department of
gastroenterology and bacteriological lab-
oratory of the State Budgetary Institution
of RS (Ya) “Yakutsk Republican Clinical
Hospital”.

Retrospective and prospective anal-
ysis of case histories with the results of
clinical and laboratory and objective stud-
ies of gastroenterologists was carried out
in the inpatient setting. Oral pathological
processes were studied with the analysis
of periodontal tissue diseases according

to the CPI (1978) periodontal index in
groups with dysbiosis (n=504) and with-
out dysbiosis (n=732). Oral hygiene index
by IGR-U (1964) in groups with dysbiosis
(n=464) and without dysbiosis (n=716)
was studied. Periodontal index accord-
ing to A. Russell (1956) was also deter-
mined in groups with dysbiosis (n=318)
and without dysbiosis (n=237). The den-
tal examination card recommended by
WHO (2013) was used for the study. In
addition, based on the results obtained,
the need for dental care of the examined
patients was determined using the meth-
od of P.A. Leus (1987).

Complex treatment in the main group
was carried out using the developed
method of treatment of chronic periodon-
titis of medium severity with dysbiosis of
the second degree. In order to reduce
the number of pathogenic microbial as-
sociations in the gingival biotope and to
restore the oral cavity microbiocenosis in
the patients of the main group for local
treatment, therapeutic paste with syn-
biotic “Bificin Forte” 20 billion CFU was
used (state registration certificate AM.01
.11.01.01.003.R.000001.01.24), vitamin
“A” oil solution (State Register of Medic-
inal Products Reg. No. RN 001778/01)
and zinc oxide (State Register of Medici-
nal Products Reg. No. FS-001204, Safe-
ty Data Sheet in accordance with GOST
30333-2007 ROTI®nanoMETIC 299%,
25 nm, Article no: 8278, Version: GHS
1.0 ru), where their mass percentages
are 54-55, 33-35 and 10-13%. The com-
ponents were mixed until a thick cream-
like consistency was obtained, then the
prepared paste was introduced into the
periodontal pocket and it was fixed with
a protective dressing “Parasept” (reg-
istered in the Federal Service for Su-
pervision in the Sphere of Health Care
No. FSR 2007/00142, TU 9391-067-
45814830-2002 dated November 16,
2020. In this case, the daily procedure is
associated with a single injection of the
therapeutic paste into the periodontal
pocket, the course includes 8-10 proce-
dures. In addition, “Bifikin Forte” 20 billion
CFU was administered orally, 1 capsule
daily for 3-4 weeks. The comparison
group was treated with liquid synbiotic
“Normoflorin®-D”, which was injected
into the periodontal pocket in the volume
of 0.2 ml daily for 12-14 days, followed by
supragingival applications of this product
for 15 minutes. In addition, patients were
recommended to take 20 ml of synbiot-
ic orally 2 times a day before meals for
30 days. For microbiological study the
material from periodontal pocket (inflam-
matory focus) was obtained using a thin
probe-tampon, which was placed in liquid
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transport medium “Amiesa”. The materi-
al was examined by real-time PCR with
hybridization-fluorescence detection. The
average number in statistical processing
was expressed in Ig CFU, where 101
CFU=1 Ig CFU (CFU - colony-forming
unit, microbial cell).

Approval of the local ethical commit-
tee of the Medical Institute of the Federal
State Educational Institution of Higher
Education “Ammosov  North-Eastern
Federal University” was obtained for the
comprehensive clinical and laboratory
examination (Minutes No. 15 of October
31, 2018, decision No. 2). All participants
gave voluntary informed consent before
conducting the studies.

Statistical processing of the obtained
materials was performed using the pro-
gram “SPSS-22”. The estimation of the
sample volume of clinical material and its
sufficient size (sample size) was carried
out according to K.A. Otdelnova (1980).

Results and discussion. To date,
the improvement of therapeutic and
prophylactic measures for periodontal
diseases is of great scientific and prac-
tical importance. In view of the above,
we evaluated the prevalence and inten-
sity of periodontal tissue diseases in the
examined age groups with and without
dysbiosis (Table 1). Thus, the average
prevalence of periodontal diseases in
the examined age groups without dysbi-
osis is 88.58+0.06%, while in the group
with dysbiosis 90.78+0.06% (p<0.05).
At the same time, the maximum preva-
lence of periodontal diseases was found
in the age group 45-54 years, where
the index in the group without dysbiosis
was 95.67+0.08%, and with dysbiosis -
97.33+0.04% (p<0.05), and the minimum
level was found in the age group 65-74
years - 72.54+0.77%, and with dysbiosis
-73.79£0.69% (p>0.05), which is asso-
ciated with the presence of individuals
with complete tooth loss in the groups.
Meanwhile, in the indices of healthy in-
dividuals without periodontal disease
sextants, there is a definite pattern of
maximum decrease with age, where it
was 10.46+1.56% in 15-year-old adoles-
cents without dysbiosis and 6.54+0.14%
(p<0.05) with dysbiosis, which decrease
to the level of numerical values of
0.79+0.07% and 0.21£0.10% (p>0.05) in
the groups of 65-74 years, respectively.
Such symptom as bleeding in 15-year-
old adolescents without dysbiosis was
38.93+0.88% and with dysbiosis was
41.32+1.16% (p<0.05%), and in the age
group of 65-74 years without dysbiosis
was 6.99+1.84% and with dysbiosis was
7.28+1.77% (p>0.05). Meanwhile, the
presence of supra- and sub-gingival tar-
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Table 1

Clinical characterization of the frequency and structure of periodontal diseases in groups with and without oral dysbiosis

CPI (%)
Number Prevalence rate
Age groups examined (%)) Su
. pra- and .
Healthy Bleeding subgingival stones Periodontal pocket
with dysbiosis 93.46+0.14 6.54+0.14 41.32+1.16 39.94+1.19 12.20+1.81
(n=84)
15 years dysbiosis-free 89.54+0.18 10.46+1.56 38.93+0.88 38.78+0.88 11.83+1.35
(n=124) p<0.05 p<0.05 p<0.05 p>0.05 p>0.05
with dysbiosis 93.59+0.13 6.41£1.92 30.27+1.30 45.81+0.98 17.51+1.56
20-34 vears (n=95) p<0.05 p>0.05 p>0.05 p<0.05 p>0.05
¥ dysbiosis-free
(n=220) 91.23+0.10 5.78+1.14 28.54+0.75 43.51+0.57 15.83+0.91
with dysbiosis 95.77+0.06 4.23+1.48 14.18+1.26 41.83+0.83 39.76+0.86
3544 vears (n=148) p<0.05 p>0.05 p>0.05 p>0.05 p>0.05
¥ dysbiosis-free
(n=234) 93.96+0.07 6.04+1.09 13.88+0.93 40.92+0.61 39.16+0.63
with dysbiosis 97.33+0.04 2.67+1.80 9.03£1.63 34.63+1.15 53.67+0.80
(n=113) p<0.05 p>0.05 p>0.05 p>0.05 p>0.05
43-54 years dysbiosis-free
(n=95) 95.67+0.08 4.33+£1.97 8.31+1.79 33.87+1.27 53.49+0.86
with dysbiosis 73.79+0.69 0.21+0.10 7.28+1.77 16.74+1.52 49.77+0.64
) (n=64) p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
65-74 years dysbiosis-free
(n=59) 72.54+0.77 0.79+0.07 6.99+1.84 16.37+1.57 49.18+0.65
with dysbiosis 90.78+0.06 4.01£0.70 20.39+0.58 35.79+0.46 34.58+0.47
(n=504) p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Averages dysbiosis-free
(n=732) 88.58+0.06 5.48+0.55 19.33+0.47 34.69+0.38 36.31+0.37
CPI (sextant)
Age groups Number S d U J
examined . upra- an . naccounte
Healthy Bleeding subgingival stones Periodontal pocket sextants
with dysbiosis 0.44+0.12 2.20+0.08 2.85+0.07 0.3840.12 0.1340.13
15 vears (n=84) p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
Y dysbiosis-free
(n=124) 0.42+0.09 2.17+0.06 2.83+0.05 0.37+0.09 0.21£0.10
with dysbiosis 0.24+0.11 1.83+0.08 2.72+0.06 1.11+0.10 0.10+0.12
20-34 vears (n=95) p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
Y dysbiosis-free
(n=220) 0.22+0.06 1.81£0.05 2.7540.03 1.09+0.05 0.13+0.07
with dysbiosis 0.13+0.09 1.05 +0.76 2.41+0.05 2.13 +£0.05 0.28 +£0.08
3544 vears (n=148) p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
Y dysbiosis-free
(n=234) 0.12+0.09 1.04+0.07 2.34+0.05 2.15+0.05 0.35+0.08
with dysbiosis 0.09+0.10 0.41+0.10 1.20 +£0.08 2.83+0.05 1.47 £0.08
45-54 vears (n=113) p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
Y dysbiosis-free
(n=95) 0.08+0.12 0.39+0.11 1.21£0.09 2.81+0.06 1.51+0.09
with 0.03 +£0.15 0.16+0.15 0.57+0.14 3.09 +£0.07 2.15+0.10
dysbiosis (n=64) p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
65-74 years dysbiosis-free
(n=59) 0.04+0.16 0.15+0.16 0.55+0.09 3.05+0.05 2.21£0.10
with 0.18+0.04 1.13+0.03 1.95+0.02 1.90+0.02 0.98+0.03
Total dysbiosis (n=504) p>0.05 p>0.05 p>0.05 p>0.05 p<0.05
dysbiosis-free
(n=732) 0.17+0.03 1.11+0.02 1.93+0.02 1.89+0.02 0.88+0.03

Note: the degree of reliability is determined in groups with and without dysbiosis



tar in the age group of 65-74 years with-
out dysbiosis was 16.37+1.57% and with
dysbiosis was 16.74+1.52% (p>0.05),
and in the age group of 20-34 years with-
out dysbiosis was 43.51+0.57% and with
dysbiosis was 45.81+0.98% (p<0.05).
The presence of periodontal pocket in
those aged 15 years without dysbiosis
was 11.83+1.35% (p>0.05%) and with
dysbiosis was 12.20+1.81% and in the
age group of 45-54 years without dysbio-
sis it was at 53.49+0.86% and with dysbi-
osis was 53.6710.80% (p>0.05).

It should be noted that there are certain
clinical symptomatic features in the inten-
sity of the course of periodontal diseases
in the examined age groups, where the
index of healthy sextants in the age group
65-74 years was 0.041+0.16% in per-
sons without dysbiosis and 0.03+0.15%
(p>0.05) with dysbiosis, and in 15-year-
olds without dysbiosis 0.42+0.09% and
with dysbiosis 0.44+0.12% (p>0.05%),
respectively. Meanwhile, the bleeding
symptom in 65-74 year olds without dys-
biosis was 0.15+0.16% and with dys-
biosis was 0.16+0.15% (p>0.05), and
in 15 year olds without dysbiosis was
2.17+0.06% and with dysbiosis was
2.2040.08%, which characterizes the ag-
gressive course of periodontal diseases
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Table 2

Oral hygiene status in the surveyed groups of adolescents and adults

Asge Number of people Dental Dental OHI-S
g surveyed plaque calculus Green-Vermillion
with
15 years dysbiosis (n—84) 2.71+0.06 1.18+0.02 3.89+0.08
dysbiosis-free | | ¢9,0 00% | 1 2440.02% 2.9140.05*
(n=124)
with
dysbiosis (n=110) 1.73+0.03 1.75+0.03 3.48+0.06
2034 years | Caysbiosis-fee | | 31u001¢ | 1.6320.02% 2.94+0.04*
(n=164) 310. .63+0. 94+0.
with
dysbiosis (n=148) 2.14+0.03 1.68+0.02 3.82+0.05
35-44 years dysbiosis-free
ySDIO 2.09+0.02 | 1.63+0.01* 3.7240.04*
(n=234)
with
dysbiosis (n=122) 2.44+0.04 1.88+0.03 4.3240.07
45-54 years dysbiosis-free
YSDIO 2.41+0.03 1.85+0.02 4.26+0.05
(n=194)
with
Toal | dysbiosis (n=d64) | 223001 1.62+0.01 3.870.02
dysbiosis-free
(n=716) 1.85£0.01%* | 1.59+£0.01%** 34440005

Note: —* significant differences among groups with dysbiosis and without dysbiosis; —
**significant differences in the mean values of groups with dysbiosis and without dysbiosis.

Table 3

Comparative characterization of the effectiveness of the developed therapeutic paste at the stages of treatment of medium severity
chronic periodontitis with second degree dysbiosis

Quantity, Ig CFU before treatment Quantity, Ig CFU by the end of treatment
Types . Placebo- .
of microorganisms Studz group Comparl_son control group Studzf group Comparl_son Placebo -co_ntrol
(n=328) group (n=31) (n=29) (n=328) group (n=31) | group (n=29)
Tannerella forsythensis 7 +0.02 8 +£0.08 7+0.04 3 4+0.05 4+0.21 7+0.04
Treponema denticola 8 £0.04 7 4+0.08 8+0.09 3 4+0.05 5+0.13 8+0.09
Streptococcus oralis 8 +0.02 7+0.13 7+0.04 5+0.03 4+0.21 7+0.04
S. sanguis 7+0.03 8+£0.17 8+0.09 3+0.04 4+0.21 8+0.09
S. aureus 8 £0.04 8+£0.13 7+0.04 3+0.05 5+0.17 7+0.04
S. suis 7£0.01 8+0.17 8+0.09 5+0.02 4+0.17 8+0.09
S. constellatus 8+0.04 8+£0.13 8+0.09 3+0.05 5+0.17 8+0.09
S. vestibularis 7 £0.02 8 +0.21 8+0.09 4+0.03 3+0.21 8+0.09
S. parasanguinis 7+0.03 6 +0.08 6+0.18 3 +0.04 4+0.17 6+0.18
S. cristatus 7 +0.02 7+0.13 8+0.09 4 +0.03 4+0.17 8+0.09
Average for the genus Streptococcus 7.40 +£0.02 7.5+0.14 7.5+0.11 3.75 £0.04 4.12 £0.19 7.5+0.11
Candida dubliniensis 7+0.01 8+0.13 7+0.04 5+0.02 5+0.13 7+0.04
Fusobacterium nucleatum 8 +0.02 8 +£0.08 8+0.09 5+0.03 6+0.13 8+0.09
Neisseria sicca 8 +£0.01 8 £0.04 7+0.04 6 +0.02 7 +0.08 7+0.04
N. elongata 6 +0.02 7 +0.08 8+0.09 3 +0.03 5+0.08 8+0.09
N. mucosa 7+0.03 8 £0.13 8+0.09 3+0.04 5+0.13 8+0.09
N. flava 8 +£0.01 7 +£0.08 7+0.04 6+0.02 5+0.17 7+0.04
Average for the genus Neisseria 7.25+0.02 7.5 £0.08 7.5+0.11 4.5+0.03 5.5+0.13 7.5+0.11
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with age. Meanwhile, the conducted clin-
ical study revealed a significant decrease
in the index of supra- and sub-gingival
dental calculi, where in 15-year-olds it
was 2.83+0.05% in the group without
dysbiosis and 2.85+0.07% with dysbio-
sis, while in the age group of 65-74 years
without dysbiosis it was 0.55+0.09%
and with dysbiosis - 0.57+0.14%, re-
spectively. Meanwhile, a similar trend is
determined in periodontal pocket data,
where in the group of 65-74 year olds
without dysbiosis it was 3.05+0.05%,
with dysbiosis - 3.09£0.07%, and in 15
year olds without dysbiosis 0.37+0.09%,
with dysbiosis - 0.38+0.12%. Meanwhile,
the opposite trend of increase in the in-
dices of unaccounted sextants is deter-
mined in the age groups 20-34 years and
65-74 years without dysbiosis, where
the indices amounted to 0.13+0.07%
and 2.21+0.10%, and with dysbiosis -
0.10+0.12% and 2.15+£0.10%, respective-
ly, confirming that periodontal diseases
are the main etiologic factor of tooth loss.

The examined age groups have a
high prevalence rate and unfavorable
tendency of clinical course of periodontal
diseases with age, their clinically more
severe course is determined in groups
of persons with oral dysbiosis. The iden-
tified clinical features dictate the need for
further research aimed at improving peri-
odontal care for the population.

In the structure of etiologic factors of
inflammatory processes of periodontal
tissues, plaque, which is closely related
to the state of oral hygiene, is of great
importance. Taking into account the
above-mentioned, we studied the state
of oral hygiene (Table 2). The obtained
results of oral hygiene condition in the
examined age groups of adolescents
and adults determine an unfavorable
situation, which is associated with the
presence of dental plaque and calculus
identified in this study. Thus, in the age
groups with dysbiosis 15 and 20-34 years
old, a poor hygienic state is determined
compared to the groups without dysbiosis
(p<0.05), where satisfactory oral hygiene
was detected. At the same time, plaque
and tartar data in these age groups are
interpreted as satisfactory levels. In the
age group 35-44 years with and without
dysbiosis, the plaque and calculus data
show satisfactory levels. However, the
data of total IGR-U index in this surveyed
group is evaluated as poor hygiene.
Whereas, in the group of 45-54 years old
with dysbiosis and without dysbiosis ac-
cording to the data of dental plaque and
calculus, as well as the total values of hy-
giene index, the poor hygiene state was
established.

It should be noted that the average
plague index in persons with dysbiosis
(2.25+£0.01) is characterized as a poor
hygienic state, and without dysbiosis the
index was within 1.85+0.01, which is in-
terpreted as a satisfactory level. The data
of tartar index in all examined age groups
with dysbiosis and without dysbiosis
characterize a satisfactory hygienic state
of the oral cavity. The obtained average
total values of IGR-U in the examined
groups with dysbiosis and without dysbi-
osis characterize poor levels of hygienic
condition of the oral cavity. In this case,
in groups with dysbiosis the given plaque
expresses a poor level, and in groups
without dysbiosis the indicator is defined
as a satisfactory value, and for tartar indi-
cators in groups with dysbiosis and with-
out dysbiosis is defined as a satisfactory
level.

Before the treatment of chronic peri-
odontitis of medium severity of the de-
veloped method, the data of periodontal
index according to Russell in groups with
dysbiosis were -3.9 and without dysbiosis
- 3.2, which when interpreted characteriz-
es periodontitis of medium severity.

The analysis of the conducted com-
plex treatment of chronic periodontitis
of medium severity in patients with sec-
ond-degree dysbiosis of the large intes-
tine characterizes the presence of certain
clinical features. Thus, the microflora of
the periodontal pocket is represented by
grampositive and gramnegative aerobic
and anaerobic microorganisms, as well
as yeast-like fungi of the genus Candi-
da. Among anaerobes, gram-negative
bacteria of the genus Tapperella, Trepo-
nema and Fusobacterium predominat-
ed in patients. The aerobic component
was represented by numerous spe-
cies of Gram-positive streptococci and
Gram-negative Neisseriaceae. Species
composition and average content of mi-
croorganisms in the study group, com-
parison group and placebo control group
before and after treatment are presented
in Table 3.

The results obtained after one month
of complex treatment of chronic peri-
odontitis of medium severity in the study
group using the developed therapeutic
paste indicate a certain restoration of
periodontal pocket microbiota and reduc-
tion of opportunistic microflora in the oral
cavity. Thus, the number of Tannerel-
la forsythensis amounted to 3 Ig CFU,
Treponema denticola also 3 Ig CFU, the
average index for Streptococcus genus
decreased to 3.75 Ig CFU, for Neisseria
genus - to 4.5 Ig CFU, the content of fun-
gi of the genus Candida and Fusobac-
teria decreased not so significantly and

Fig. 1. A patient with chronic generalized peri-
odontitis of moderate severity with dysbiosis
of the second degree before treatment

Fig. 2. Therapeutic paste for the treatment of
chronic periodontitis of moderate severity with
dysbiosis of the second degree

Fig. 3. The introduction of a therapeutic paste
into a periodontal pocket with a protective ban-
dage "Parasept" for periodontitis of moderate
severity with dysbiosis of the second degree

Fig. 4. The condition of periodontal tissues
after a course of therapy with a therapeutic
paste with the synbiotic "Bificin Forte" 20 bil-
lion CFU in chronic generalized periodontitis of
moderate severity with dysbiosis of the second
degree



amounted to 5 Ig CFU for both microor-
ganisms. Thus, it can be seen that trepo-
nemes and streptococci turned out to
be the most sensitive to the therapeutic
effect. The similar tendency of dynamic
changes of clinical picture and positive
change of microflora balance are not-
ed in patients of the comparison group.
At the same time in the placebo-control
group quantitative indicators of periodon-
tal pocket microbiota remain respectively
unchanged.

Dynamic change in the balance of
periodontal pocket microflora in the study
group was accompanied by the manifes-
tation of positive changes in periodontal
tissues at the stages of the complex treat-
ment already on the 3rd day in the form
of reversal of the inflammatory process
with subsequent reduction of periodon-
tal tissue edema and disappearance of
gingival bleeding. After the inflammatory
process of periodontal tissues subsided,
some patients underwent surgical meth-
ods of treatment, which included open
curettage or flap operations. At the end
of the procedure, recommendations were
given on rational oral hygiene and visits
to the dentist at the place of residence
3-4 times a year for preventive examina-
tion, where treatment courses were re-
peated if indicated.

Pearson's chi-square analysis char-
acterizes the presence of a relationship
between the compared categorical vari-
ables, where the correlation of periodon-
tal pocket depth and bleeding symptom is
determined (r=0, 79), Streptococcus oga-
lis and Neisseria sicca (r=0,49), Strepto-
coccus sanguis and Treponema denticola
(r=0,52), Tannerella forsythensis and Fu-
sobacterium pucleatum (r=0,81), which
causes a pronounced reverse develop-
ment of periodontal tissue inflammation
when using the developed method. Clin-
ical efficacy of treatment is confirmed by
Varimax factor analysis.

Aclinical example. Patient S., 44 years
old, turned to the dental clinic of the Clin-
ic of the Northeastern Federal University
named after M.K.Ammosov. Complaints:
the presence of soft and hard dental de-
posits, tooth mobility with manifestations
of bleeding gums during meals and when
brushing teeth.

Objective: external examination — the
configuration of the face is unchanged,
the skin is without features, the regional
lymph nodes are not enlarged, the open-
ing is free, TMJ dysfunction on the left, the
red border of the lips is without features;
examination of the oral cavity — the mu-
cous membrane of the gums in the area

1.6,1.5, 2.5, 2.6, 3.1, 3.2, 3.3, 4.1, 4.2
and 4.3 hyperemic, edematous, bleeding
during probing, the depth of periodontal
pockets in the area 3.1, 3.2, 3.3, 4.1,4.2,
4.3 it is 3.6 mm without separation, the
mobility of teeth in the antero-posterior
direction, the Kulazhenko test is positive
and is 9 seconds (Fig.1).

According to the data provided by the
inpatient discharge: the patient under-
went inpatient treatment 3 months ago
in the gastroenterological department of
the Yakut Republican Clinical Hospital for
exacerbation of gastric ulcer and duode-
nal ulcer, where dysbiosis of the second
degree was detected.

Diagnosis: chronic periodontitis of
moderate severity with dysbiosis of the
second degree.

Treatment: the initial stage of thera-
peutic and preventive measures included
professional oral hygiene and oral hy-
giene training. Local and general treat-
ment is prescribed. A therapeutic paste
was applied topically (Fig.2) based on
the powder of the synbiotic "Bificin Forte"
20 billion CFU, an oil solution of vitamin A
and zinc oxide by injection into the peri-
odontal pocket with its fixation with a pro-
tective bandage "Parasept" for 3-5 hours
(Fig.3). Additionally, Bificin Forte synbiot-
ic was prescribed 20 billion CFU orally, 1
capsule per day for 3-4 weeks.

After the course of treatment, the pa-
tient objectively determines the reverse
development of the inflammatory process
with a decrease in swelling, disappear-
ance of symptoms of bleeding and hy-
peremia of periodontal tissues (Fig.4). At
the same time, the patient was referred
to preventive courses of treatment to a
gastroenterologist and consultation with
a therapist, obstetrician-gynecologist and
endocrinologist. The patient has been
registered at the dispensary. Turnout for
a repeat appointment in 2-3 months.

Conclusion. The developed method
of treating chronic periodontitis of mod-
erate severity in patients with dysbiosis
of the second degree helps to reduce the
number of pathogenic microbial asso-
ciations in the gum biotope and restore
the microbiocenosis of the oral cavity,
followed by the manifestation of posi-
tive changes in periodontal tissues. At
the same time, at the stages of complex
treatment, the reverse development of
the inflammatory process is clinically de-
termined on the 3rd day, which confirms
the clinical effectiveness of the developed
treatment method, preventing further
complications of inflammatory processes
of periodontal tissues. In this regard, this
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method has prospects for its application
in clinical periodontology.
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STUDY OF THE ANTITUMOR ACTIVITY

OF 2-(1,1-DIMETHYL-1H-BENZOI[E]INDOLIN-
2-YL)-5,6,7-TRICHLORO-1,3-TROPOLONE

IN COMBINATION WITH TEMOZOLOMIDE
ON THE U87 GLIOBLASTOMA MODEL

IN VIVO

Glioblastoma remains one of the most aggressive and treatment-resistant brain tumors, highlighting the need for novel therapeutic approaches.
This study aimed to evaluate the antitumor efficacy of 2-(1,1-dimethyl-1H-benzo[e]indolin-2-yl)-5,6,7-trichloro-1,3-tropolone in combination with
temozolomide (TMZ) in subcutaneous xenografts of U87 glioblastoma cells in Balb/c Nude mouse line. The animals were divided into three groups:
(1) TMZ monotherapy (20 mg/kg), (2) combination therapy with tropolone and TMZ (20 mg/kg each), and (3) an untreated control group. Tumor
volumes were measured three times weekly, and tumor growth inhibition (TGI%) along with relative tumor mass were calculated at the end of the
experiment. On day 25, the mean tumor volumes were as follows: 443.02+52.16 mm? in the monotherapy group, 395.80+41.98 mm? in the combi-
nation therapy group, and 1331.43+65.65 mm? in the control group. The results demonstrated that the combination of tropolone and temozolomide
significantly suppressed tumor growth compared to the control group. Furthermore, the tumor volume in the combination therapy group was smaller
than in the TMZ monotherapy group, although the difference was not statistically significant. The findings revealed that combination therapy re-
sulted in a greater reduction in tumor volume and relative tumor mass compared to TMZ monotherapy, with TGI rates of 70.27% versus 66.72%,
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respectively. Histological analysis confirmed marked cellular dystrophic changes in tumors sub-
jected to combination therapy. These results suggest a potential synergistic interaction between
tropolone and temozolomide, which may enhance the efficacy of glioblastoma treatment.
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Introduction. Glioblastoma is the
most aggressive and lethal form of prima-
ry brain tumor. It is characterized by rapid
growth, diffuse infiltration, and resistance
to conventional therapeutic interventions.
Despite strides in surgical techniques,
radiation therapy, and chemotherapy, the
prognosis for patients remains dismal,
with a median survival of a mere 14.6
months [15]. Temozolomide (TMZ), a
standard alkylating drug in the treatment
of glioblastoma, has seen its efficacy
diminished by resistance and adverse
effects, underscoring the need for novel
therapeutic approaches [15].

Several studies have investigated
combination strategies with various com-
pounds to enhance the action of TMZ,
including histone deacetylase (HDACIs)
inhibitors and PI3K/AKT/mTOR signaling
pathways, as well as natural compounds
such as curcumin and resveratrol. These
approaches show synergy with TMZ, en-
hancing its pro-apoptotic action and in-

creasing tumor cell sensitivity [9].

Tropolones, low-molecular  com-
pounds with a unique structure and pro-
nounced antitumor properties, attract
particular attention. They inhibit key
enzymes such as MMP and HDAC and
are able to induce apoptosis, inhibit an-
giogenesis, and regulate the levels of
reactive oxygen species in tumor cells.
Some tropolones derivatives exhibit an-
tiproliferative and proapoptotic effects,
making them promising for the treatment
of glioblastoma in combination with TMZ
[2, 4-6].

Purpose of the study — to evaluate
the antitumor activity of 2-(1,1-dimeth-
yl-1H-benzo[e]indolin-2-yl)-5,6,7-tri-
chloro-1,3-tropolone in combination with
temozolomide against subcutaneous xe-
nografts of U87 glioblastoma cell culture
in immunodeficient Balb/c Nude mice.

Materials and methods. In the pres-
ent experiment, 18 female Balb/c Nude
mice were utilized. These mice were



maintained in a pathogen-free environ-
ment with unlimited access to food and
water. The mice in all of the studied
groups were weighed at the beginning
and at the conclusion of the experiment.
All experimental procedures were carried
out in accordance with the rules of the
European Convention for the Protection
of Vertebrate Animals Used for Experi-
ments or Other Scientific Purposes (ETS
123, Strasbourg, March 18, 1986) and
were approved by the Biotic Commission
of the National Medical Research Centre
for Oncology of the Ministry of Health of
Russia.

Human glioblastoma cell line U87 was
cultured in DMEM supplemented with
10% FBS and 1% penicillin-streptomy-
cin at 37°C in a humidified atmosphere
containing 5% CO2. U87 cells (5 x 10°)
were injected subcutaneously into the
right flank of each mouse in a mixture of
serum-free DMEM and Matrigel Matrix.

The studied tropolone derivative,
2-(1,1-dimethyl-1H-benzo[elindolin-2-yl)-
5,6,7-trichloro-1,3-tropolone (JO-122(2)),
synthesized at the SFEDU Research In-
stitute of Physical Chemistry, was admin-
istered orally 3 times a week for 3 weeks
[5]. Temozolomide (TMZ) was dissolved
in 0.9% NaCl solution and administered
intraperitoneally daily for 3 weeks. The
drugs were administered regardless of
food and water intake.

After the tumors reached an average
volume of ~100 mm?, the mice were di-
vided into three groups (n = 6), with the
average volume of subcutaneous xeno-
grafts between the groups not differing
by more than 10%: group 1 — TMZ (20
mg/kg), group 2 — a combination of TMZ
and tropolone (20 mg/kg each), group 3
— control group.

Tumor growth was measured every
three days, starting with the first admin-
istration of the drugs. Tumor volume was
calculated using the formula:

V=LW2,

where V is the tumor volume (mm3), L
and W are the length and width of the tu-
mor (mm).

To assess antitumor activity, the tumor
growth inhibition index (TGI%) was used:

TGI (%) = (Vk - Vo) / Vk x 100,

where Vk and Vo are the average tumor
volume (mm3) in the control and experi-
mental groups, respectively.

The experiment lasted 25 days. The
euthanasia procedure was performed by
decapitation, after which the tumor ma-
terial was extracted. The tumors were

weighed to calculate the relative mass
using the formula:

m,, (%) = (m,/m,) x 100

where m,is the tumor mass (g), m, is the
animal’s body mass (g).

For histological analysis, the obtained
tumor material was stained with hema-
toxylin and eosin.

Data are presented as mean * stan-
dard error of the mean (SEM). Statisti-
cal analysis of data was performed us-
ing Statistica 10. Comparisons between
groups were performed using one-way
analysis of variance (ANOVA). A p value
of <0.05 was considered statistically sig-
nificant.

Research results and discussion.
The experiment assessed the effect of
temozolomide and its combination with
the studied tropolone on the growth of
glioblastoma tumors. The results showed
a significant effect on tumor growth com-
pared to the control group (Figure 1).

On the 7th day of the experiment, a
statistically significant decrease in tumor
volume was noted in the experimental
groups compared to the control group.
By the end of the 25-day period of drug
administration, the average tumor vol-
ume in the group receiving the combina-
tion of tropolone and TMZ (group 2) was
395.80+41.98 mm?3. This value was low-
er than in the TMZ monotherapy group
(group 1443.02+52.16 mm?) and the con-
trol group (group 3, 1331.43+65.65 mm?).

In the TMZ monotherapy group, tumor
growth was slower than in the control
group, confirming the antitumor activity of
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the drug. In combination therapy, a more
pronounced effect was noted, suggest-
ing a synergistic or additive mechanism.
However, no statistically significant dif-
ferences were found between the mono-
therapy and combination groups, indicat-
ing similar efficacy of the approaches.

TMZ therapy at a dose of 20 mg/kg sig-
nificantly reduced the relative tumor mass
compared to the control group (Figure 2).
In Group 1, the relative tumor mass was
1.12+0.30%, and the TGl index reached
66.72%, indicating a pronounced antitu-
mor effect of the drug. Figure 3 shows
tumor nodes of mice from the experimen-
tal and control groups, which allows for a
visual assessment of the sample sizes.

In the combination therapy group,
the relative tumor mass decreased to
0.95+0.17%, and TGl was 70.27%. This
confirms the more pronounced effect of
combination therapy, possibly due to the
synergistic effect of the interaction of tro-
polone and TMZ.

After completion of therapy, tumor
nodes were subjected to histological
analysis (Figure 4).

Histological analysis of the specimen
revealed a malignant tumor, the struc-
tural characteristics of which are con-
sistent with those of glioblastoma. The
presence of minor foci of necrosis was
observed in the relevant fields of view.
Furthermore, dystrophic changes of in-
dividual tumor cells were observed in tu-
mor samples exposed to temozolomide.
Concomitant exposure to both temo-
zolomide and the other agent resulted
in more pronounced dystrophic chang-
es in cells and signs of karyopyknosis in

13 15 17 18 21 23 25

=ie=TKZ Group 1 {20 mgkg)
——Giroup 2 JO-122(2) (20 mgikg) + TMZ (20 mgkg)

—8—Group 3 Contral

Fig. 1. Average tumor node volumes in Balb/c Nude mice over time. * — statistically significant

differences from groups 1 and 2 (p<0.05).
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Fig. 3. Tumor nodes of mice from the experimental and control groups

individual tumor nuclei. These findings
may indicate induction of cell death due
to the combined therapy.

The analysis showed that the admin-
istration of TMZ and the combination with
tropolone was well tolerated: the body

weight and condition of the animals re-
mained stable, and there were no signs
of toxicity.

The results of the study demonstrate
the potential of the new tropolone deriv-
ative as a therapeutic agent for the treat-

ment of glioblastoma. In particular, its
combination with temozolomide resulted
in an increase in the TGI index, a de-
crease in tumor weight and characteristic
histological changes. These data indicate
a possible interaction between tropolone
and temozolomide, which may improve
therapeutic results and possibly allow a
reduction in the dose of temozolomide to
reduce its side effects.

It is noteworthy that the dose of temo-
zolomide (TMZ) used in this study was
20 mg/kg (60 mg/m? [12]), which is lower
than the standard clinical dose of 75-100
mg/m? [15]. Such a reduction may signifi-
cantly reduce the severity of side effects
of the drug.

Tropolone derivatives are known to
have high cytotoxic activity. For exam-
ple, one of the tropolones showed a
pronounced cytotoxic effect on gastric
adenocarcinoma (AGS) cells, surpassing
fluorouracil (5-FU) even at lower concen-
trations [4]. In addition, it demonstrated
significant efficacy against primary glio-
ma cell cultures [3] and was almost ten
times more effective than 5-FU on the
SW620 cell line [1]. Its antiproliferative
effect on A431 epidermal carcinoma cells
was also revealed [7].

The mechanisms underlying the pro-
posed synergy between tropolone and te-
mozolomide require further study. Tropo-
lones are thought to induce caspase-de-
pendent apoptosis and suppress antia-
poptotic proteins (e.g., Bcl-2), whereas
temozolomide induces apoptosis via
DNA damage. Co-administration of the
drugs may also enhance p53-dependent
apoptosis [2,11,14].

Tropolones also inhibit the Wnt/B-cat-
enin pathway, limiting tumor cell prolifera-
tion and migration, and increase reactive
oxygen species, causing DNA damage.
Temozolomide complements these ef-
fects by enhancing oxidative stress [8,
10-11]. In addition, tropolones increase
endoplasmic reticulum stress, promoting
cell death [13].

Fig. 4. Histological preparations of subcutaneous xenografts of the U87 glioblastoma cell line. A— 1st group; B — 2nd group; C — 3rd group (control).

Magnification x200



Despite the encouraging results, lim-
itations of the study remain, such as the
use of only one glioblastoma cell line and
a subcutaneous xenograft model that
does not fully recapitulate the brain tumor
microenvironment. Transcriptomic and
proteomic analyses are needed to clarify
the mechanisms of tropolone-temozolo-
mide interaction.

These data provide a basis for further
evaluation of tropolones in combination
therapy for glioblastoma, opening up op-
portunities to improve treatment efficacy
and reduce side effects.

Conclusion. The findings indicate
the promise of tropolone derivatives in
conjunction with temozolomide for the
treatment of glioblastoma. The efficacy
of this combination is likely attributable
to a synergistic effect involving the acti-
vation of caspase-dependent apoptosis,
the suppression of antiapoptotic pro-
teins, and the enhancement of oxidative
stress. Moreover, the potential to reduce
the dosage of temozolomide enables the
mitigation of its toxicity. However, further
studies are needed to confirm these re-
sults, including investigating the molec-
ular mechanisms of tropolone and TMZ
interaction and evaluating efficacy in
other glioblastoma models. These data
provide a basis for developing new ap-
proaches to glioblastoma treatment and
improving the efficacy of existing thera-
pies.
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CREATION OF A HETEROTOPIC PDX
MODEL OF UVEAL MELANOMA

Uveal melanoma, the second most prevalent form of the disease after cutaneous melanoma, exhibits a lower prevalence rate. Treatment
options for uveal melanoma may include enucleation, exenteration, radiation therapy, brachytherapy, or systemic therapy. However, these meth-
ods do not guarantee a complete cure, and half of the patients subsequently develop metastases, which still carry an unfavorable prognosis.
Therefore, preliminary selection of therapeutic candidates in preclinical studies is important. The reliability and potential of preclinical study results
depend on the tumor model's reflection of the fundamental biological characteristics of uveal melanoma. The objective of our study was to develop
a subcutaneous PDX model of uveal melanoma, which will be utilized to generate uveal melanoma metastases.

In the course of our research, we developed a collection of three heterotopic PDX models of uveal melanoma. Histological examination of
these models revealed their correspondence to the donor tumors. According to the results of our study, the first-generation tumor engraftment
rate was 37.5% (3/8). We also assessed the growth dynamics of the obtained PDX models. The analysis revealed that the growth rate of the
first-generation xenografts obtained from patients was low, with a doubling time of 42 days. To sustain the growth of the PDX model, the tumors
obtained from the first-generation mice were systematically transplanted into the subsequent group of mice. Our findings demonstrate that the
first-generation models successfully engrafted in the second-generation mice. Furthermore, it was observed that the growth rate of the tumor
node was higher in the second generation compared to the first generation.
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Introduction. Uveal melanoma, the
second most prevalent form of the dis-
ease after cutaneous melanoma, man-
ifests as the most common primary in-
traocular neoplasm [4]. This neoplasm
originates from melanocyte cells residing
within the intraocular structures, includ-
ing the choroid, ciliary body, and/or iris.
The predominant location of the disease
is the choroid (90%), followed by the cili-
ary body (6%) and iris (4%) [8].

A multitude of factors have been iden-
tified as contributing to an increased
likelihood of developing uveal melano-
ma. These factors include, but are not
limited to, light eye and skin color, the
presence of dysplastic nevus syndrome,
ocular melanocytosis, and xeroderma
pigmentosum [2]. Furthermore, research
has demonstrated a positive correlation
between prolonged exposure to natural
and artificial ultraviolet radiation and the
likelihood of developing uveal melano-
ma. [11].

Treatment of uveal melanoma may in-
clude enucleation, exenteration, radiation
therapy, brachytherapy (placement of ra-
dioactive sources directly into the tumor),
or systemic therapy (chemotherapy,
targeted therapy) [11]. However, these
strategies do not always lead to complete
recovery. In fact, half of the patients sub-
sequently develop metastases, the prog-
nosis for which remains unfavorable [6].

Currently, there are no effective treat-
ment options for patients with advanced
or metastatic uveal melanoma. There-

fore, innovative therapeutic approaches
are needed to improve treatment out-
comes [1].

In recent years, preclinical models cre-
ated by direct implantation of tumor ma-
terial obtained from patients into immuno-
deficient mice (patient derived xenografts
- PDX) have been considered the most
preferable for oncology research, since
they most accurately reproduce the char-
acteristics of a human tumor compared to
other model systems [3].

PDX models serve as an experimental
tool, facilitating a deeper understanding
of the molecular processes underlying
diseases and identifying promising tar-
gets for therapeutic intervention. In the
context of oncology research, the use of
PDX models of uveal melanoma allows
for a broader understanding of the mech-
anisms of disease progression and me-
tastasis.

Furthermore, such models enable the
testing of new therapeutic approaches
and the identification of optimal combi-
nations of treatments. Consequently, this
may result in enhanced prognoses for
patients afflicted with metastatic uveal
melanoma [5].

In this regard, the objective of our
study was to develop a subcutaneous
PDX model of uveal melanoma, as well
as to assess the growth dynamics and
histology of the obtained tumor nodes,
with the aim of further refining this mod-
el to create a metastasis of uveal mel-
anoma.



Materials and methods. Animals and
their managment. In the course of the ex-
periment, female Balb/c Nude mice aged
12-14 weeks, with an average weight of
27-30 g, were utilized. These animals
were obtained from the in-house breed-
ing vivarium of the Testing Laboratory
Center of the National Medical Research
Centre for Oncology of the Ministry of
Health of the Russian Federation. The
mice were housed in individual ventilated
cages and provided with food and water
ad libitum. All manipulations carried out
within the framework of the study were
carried out in accordance with the eth-
ical principles established by the Euro-
pean Convention for the Protection of
Vertebrate Animals used for Experimen-
tal and other Scientific Purposes (ETS
123, Strasbourg, March 18, 1986). The
study protocol was approved by the lo-
cal bioethics committee of the National
Medical Research Centre for Oncology
of the Ministry of Health of the Russian
Federation.

Tumor samples. A total of eight pa-
tients receiving treatment at the National
Medical Research Centre for Oncology of
the Ministry of Health of the Russian Fed-
eration provided samples of uveal mela-
noma. Informed consent for the transfer
of biological material was obtained from
all patients.

Anesthesia. The surgical manipula-
tions performed on the animals in this
experiment were carried out using in-

tramuscular injection anesthesia of the
veterinary drugs "Xyla" (20 mg/kg) and
"Zolelil-100" (50 mg/kg).

Technique of creating a heterotopic
(subcutaneous) model of uveal mel-
anoma by transplanting a tumor frag-
ment from a patient to the right side. We
previously obtained samples of uveal
melanoma tumor material from patients
following enucleation of the eye or or-
bital exenteration. The tumor material
was transported to the vivarium within
15 minutes of removal in DMEM nutri-
ent medium containing 10% gentamicin.
Tumor material obtained from one pa-
tient was implanted in a group of three
mice. Upon reaching the requisite depth
of anesthesia, the animals were incised
along the right side of the skin, followed
by the introduction of sterile closed blunt
scissors into the subcutaneous space
to separate the peritoneum from the
skin, thereby creating a subcutaneous
pocket. The isolated tumor material was
then implanted without causing trauma
to the abdomen. The surgical wound
was sutured using an interrupted su-
ture, and all surgical interventions were
performed under sterile conditions. The
second generation was created in a
similar manner.

Assessment of tumor node growth.
The linear dimensions of tumor nodes
were measured using a caliper weekly,
starting from the 14th day after implan-
tation of tumor material into immunodefi-
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cient mice. The volume of the tumor node
was calculated using the formula:

V=LW?2,

where L, W are the linear dimensions of
the tumor.

Observations and measurements
of tumor nodes were performed for 4
months, starting from the date of implan-
tation of tumor material.

Euthanasia. Euthanasia was per-
formed by decapitation followed by tumor
node collection at the end of the observa-
tion period.

Histological examination. The tumor
node was fixed in a 10% formalin solu-
tion for 24 hours. After this procedure, the
material was placed in paraffin for further
preparation of histological microsections,
which were stained with hematoxylin and
eosin according to the standard tech-
nique. Using a ZEISS Axio light micro-
scope, a histological study of the human
donor tumor and tumor material of the
PDX models was performed.

Research results and their discus-
sion. Animal models are indispensable
tools in the study of tumor growth and
metastasis, as well as the evaluation of
novel treatment methods. The reliability
of research findings is contingent upon
the selection of an appropriate model
that accurately reflects the pathogenesis
of the disease [10].

In the 2023-2024 period, a total of

Results of heterotopic implantation of uveal melanoma in Balb/C Nude mice

Code .. Results
of xenograft Age | Sex Method of obtaining Tumor localization Stage | TNM stage of heterotopic
material . .
procedures implantation
Enucleation of the At 5-6 o'clock
PDX-UM-01 66 F ) Posterior lateral wall I T3aNOMO -
eft eye
of the eyeball
Orbital exenteration At 7-8 o'clock
PDX-UM-02 76 F Posterior lateral wall 1I T2aNOMO +
of the left eye
of the eyeball
Enucleation In all quadrants
PDX-UM-03 64 M of the right eye Diffuse spread i T4aNOMO *
Orbital exenteration At 2-4 o'clock
PDX-UM-04 a F of the right eye Along the nasal surface 1 T3aNOMO )
Orbital exenteration At 8-9 o'clock
PDX-UM-05 67 M of the right eye Left temporal region 1 T2aNOMO .
Orbital exenteration At 7-9 o'clock
PDX-UM-06 50 F Posterior lateral wall 1I T3aNOMO +
of the left eye
of the eyeball
Orbital exenteration In all quadrants
PDX-UM-07 70 F of the left eye Diffuse spread I T3bNOMO .
Enucleation In all quadrants
PDX-UM-08 62 M of the right eye Diffuse spread m T4bNOMO )

Note: “+” — successfully engrafted material; “-” - lack of successful engraftment of the material.
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a PDX patient -model | Tumor from patients
of uveal melanoma

Fig. 1. Histological preparations of patient tumors and corresponding PDX models of uveal melanoma (a - PDX-UM-02; b - PDX-UM-03; ¢ - PDX-

UM-06)

eight patients diagnosed with uveal mel-
anoma were enrolled in the study. These
patients were treated at the National
Medical Research Centre for Oncology
of the Ministry of Health of the Russian
Federation. The patients' tumor samples
were then implanted subcutaneously into
the right side of Balb/C Nude mice (n = 3).
The success of the engraftment process
was determined by the volume of the tu-
mor node, which had to reach a minimum
of 60 mm? for the tumor to be considered
successfully engrafted. The observation
period was four months, during which the
absence of tumor growth was noted. In
the event that no growth of tumor nodes
was observed during this time, the xeno-
transplantation procedure was assessed
as ineffective. It is noteworthy that all
uveal melanoma samples were obtained
during the surgical stage of treatment and
implanted within 30 minutes post-sur-
gery. The average age of the sample do-
nor patients was 63 years (range, 47-76
years). The distribution of gender among
the donor patients was as follows: 37.5%
male and 62.5% female. The tumor donor
patients did not receive neoadjuvant che-
motherapy or radiotherapy. The majority
of patients were diagnosed with stage |l
disease, and a total of 3 PDX models of
human uveal melanoma were obtained
from tumor samples from 8 patients. The
detailed patient characteristics and tumor
xenotransplantation results are present-
ed in Table 1. The success rate of primary
tumor engraftment obtained from patients
was 37.5%, as shown in Table.

Next, samples of donor tumors and
corresponding successfully engrafted xe-
nogeneic (PDX) tumors were subjected
to histological examination.

200,00

g
2

160,00
140,00
120,00
100,00
B0,00
50,00
40,00
20,00
0,00

i

Yolume of the tumor none, mm?

14 21 2B 35 42 4% 56 63 V0 Y7 B4 91 9B 105 112 115
Days of the experiment

g PDXAUM-02 g PON-UM-03 == PDX-UNM-06

Fig. 2. Dynamics of tumor node growth in 1st generation (passage) PDX models of human uveal
melanoma
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A histological examination revealed
that xenotransplanted heterotopic (sub-
cutaneous) tumors in mice exhibited a
histotype consistent with the correspond-
ing donor tumors. The models obtained
consisted of epithelioid cells with a high
content of pigment, melanin, and moder-
ate cellular atypia. The preparations also
contained mitotic division figures. It is
noteworthy that the models retained the
same degree of pigmentation as the orig-
inal tumors from the patients.

The results of our study indicate that
the rates of successful engraftment of the
first generation tumor were 37.5% (3/8)
when implanted into a heterotopic (sub-
cutaneous) site, which is comparable to
the results of the work of N émati F. et
al., where the efficiency of implantation
of human uveal melanoma samples was
28% (25 out of 90); in the work of Hee-
gaard S. et al., the efficiency rates were
slightly lower — 13%.Furthermore, histo-
pathological analysis revealed that model
samples obtained from these tumors also
demonstrated characteristic features of
uveal melanoma [7, 9].

In this study, we evaluated the growth
dynamics of the obtained PDX models.
According to the results presented in Fig-
ure 2, it can be concluded that the growth
rate of the first-generation xenografts ob-
tained from patients was quite low, with
the doubling of the tumor volume occur-
ring in 42 days.

In order to sustain the expansion of
the PDX model, tumors obtained from the
first generation mice were successively
transplanted to the subsequent group
of mice. The first generation models ob-
tained were effectively established in the

second generation mice. Furthermore, it
was observed that the tumor node growth
rate was higher than in the first genera-
tion. A twofold increase in tumor volume
was observed on day 35. (Figure 3).

A comprehensive analysis of tumor
node growth dynamics revealed that the
heterotopic PDX models of uveal mela-
noma, obtained by us, exhibited a rela-
tively low growth rate. This finding sug-
gests that the biological properties of xe-
notransplanted tumors, specifically their
proliferative and tumorigenic potential,
may be a contributing factor. Additional-
ly, the probable influence of the micro-
environment on the growth of xenogenic
tumors must be considered, given that
in heterotopic xenotransplantation, sam-
ples develop in the subcutaneous site in
a microenvironment that is not conducive
to uveal melanoma. The aforementioned
facts underscore the necessity for further
research in this area.

Conclusion. In the course of the re-
search, PDX models of uveal melanoma
were obtained. These models can be
used in experimental studies in the field
of oncology. They can be used to study
the fundamental aspects of the patho-
genesis of uveal melanoma. They can
also be used to create a model of uveal
melanoma metastasis. Furthermore, they
can be used to evaluate effective tumor
drugs.
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CHARACTERISTICS OF SLEEP PATTERNS
IN ADOLESCENTS IN SIBERIA

Background. Disruption of sleep patterns has a negative impact on mental and physical health, which is especially important in adolescence,
when intensive growth and development of the whole organism is observed. The frequent problematic use of smartphones among teenagers, as
well as the ever-increasing academic pressures and multitasking of modern life, contribute to this, where sleep takes a backseat.

Purpose. Assess the main indicators of sleep patterns, taking into account gender, age and ethnicity in adolescents aged 12-18 in three large
cities of Central Siberia: Krasnoyarsk (the studied ethnic group is Caucasians), Abakan (the studied ethnic groups is Khakass) and Kyzyl (the

studied ethnic groups is Tuvans).

Materials and methods. The study involved 5332 adolescents aged 11-18. There were 3,797 from Krasnoyarsk, 1,339 - from Abakan, and
200 — from Kyzyl. There were 4,499 Caucasians, 376 - Khakass, and 173 - Tuvans. Teenagers were asked to answer the following questions:
what time did you usually go to bed? How long (minutes) did it usually take to fall asleep? What time did you usually wake up?

Results. In all the studied cities of Siberia, adolescents had a late bedtime (at 11 pm and later) and a decrease in sleep duration below es-
tablished age norms (less than 9 hours in the group of children 11-14 years old, and less than 8 hours in the group 15-18 years old). This corre-
sponds to the situation in other regions of Russia, as well as abroad. In Krasnoyarsk there was a later bedtime, longer night sleep latency and,
accordingly, shorter sleep duration compared to Abakan and Kyzyl. Girls, compared to boys, and the older age group (15-18 years), compared
to the younger one (11-14 years), had significantly more pronounced disturbances in all sleep parameters in all studied cities, except Kyzyl: they
went to bed later, fell asleep longer, got up earlier, and had shorter sleep duration.

Conclusion. The findings show Siberia adolescents have disturbance in sleep patterns:
late going to bed and a decrease in sleep duration compared to age norms, which requires pre-
ventive measures. Gender, age and ethnic differences were identified also: girls, the older age
group (15-18 years) and Caucasians had more severe sleep disturbances.

Keywords: teenagers, sleep duration, time to wake up, night sleep latency, Khakass, Tu-
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Relevance: The importance of sleep
in adolescence can hardly be overesti-
mated, as this period is a time of intensive
growth and development of the whole or-
ganism both at the physical and psycho-
social levels. Full-fledged sleep is neces-
sary for recovery and rest after daytime
activity and increased academic load in
modern schoolchildren [27]. During sleep
there is systematization of the received
information, repair of tissues and heredi-
tary material of cells, synthesis of immu-
noglobulins, production of neurotransmit-
ters and hormones [5, 11]. After sleep,
improvement of memory and attention is
noted, and performance increases [27].
Sleep reduces the effects of stress and
the level of neurotization, slows down ag-
ing processes, and improves skin qual-
ity [8, 10]. While sleep disorders lead to
numerous negative consequences. The
risk of cardiovascular [13] and oncologic
pathology, metabolic syndrome and obe-
sity [14], anxiety-depressive disorders
[18], neurodegenerative diseases [10]
increases, immunity decreases. Adoles-
cents have poorer school performance,
increased irritability and aggression, and
problems in relationships with peers [24].

According to the recommendations of
the US National Sleep Foundation, chil-

dren should sleep 9-11 hours before the
age of 14 and 8-10 hours after the age of
14 [19]. However, according to the results
of population studies, the established
norms are often not observed [3, 7, 21,
26]. Moreover, in the last decade, marked
by the widespread introduction of the In-
ternet into everyday life, this trend has in-
tensified. The negative impact of Internet
addiction on sleep was confirmed by our
previous study [2].

In addition, the sleep schedule is
greatly influenced by cultural and nation-
al traditions that determine the degree of
freedom and obedience of adolescents
in the family, respect for the authority of
elders and established rules of behavior
[20, 21]. Also of great importance is the
degree of urbanization and economic de-
velopment of the area of residence, the
availability of various institutions of fur-
ther education and entertainment, which
can affect the bedtime. For example,
significant racial and ethnic differences
in sleep duration and quality have been
found among American schoolchildren:
African-Americans and Hispanics had
shorter sleep duration compared to their
white peers [21].

Many authors have noted the depen-
dence of sleep disorders on gender, and



the results obtained are quite contradic-
tory. According to some data, girls have
a later bedtime, and they are more likely
to suffer from insomnia and other sleep
disorders [7, 13]; according to other data,
late bedtime and shorter sleep duration
are characteristic of the male sex [1, 4];
and third researchers find no differences
between them [3].

At the same time, in Russia, there
is insufficient data on the prevalence of
sleep disorders in adolescents, their de-
pendence on gender and age. Studies
on ethnic differences of sleep disorders
in different regions of Russia were not
found in the available literature.

Thus, the aim of our study was to eval-
uate the main indicators of sleep patterns
taking into account gender, age and eth-
nicity in adolescents 12-18 years old in
three large cities of Central Siberia: Kras-
noyarsk (predominantly Caucasians),
Abakan (predominantly Khakas) and
Kyzyl (predominantly Tuvinians).

Materials and Methods: The study
is a cross-sectional (one-stage) obser-
vational case-control study of a school
sample in three large cities of Siberia. It
was approved by the ethical committee of
FGBU FIC KSC SB RAS “Research Insti-
tute of MPS” of Krasnoyarsk. In advance,
parents were asked to fill in informed
consents for the examination of children,
on the basis of which 5332 adolescents
aged 11-18 years were examined: in
Krasnoyarsk - 3797, in Abakan - 1339
and in Kyzyl - 200, of which 4499 were
Caucasians, 376 were Khakassians and
173 were Tuvinians. The sex and age
characteristics of the groups are present-
ed in Table 1.

To assess sleep parameters, adoles-
cents were asked to answer questions
characterizing their sleep patterns over
the past month, excluding weekends:
What time did you usually go to bed?
How long (minutes) did it usually take
you to fall asleep? At what time did you
usually wake up?

Statistical processing of the results
was carried out in a computer program -
STATISTICA-10. All quantitative data are
given in the form of medians with 25-75
centile interval Me (25%-75%), and qual-
itative features are given in the form of
percentages with indication in brackets of
the ratio of the absolute number of chil-
dren with this feature to the total number
of children in the study group % (abs/
total). The Mann-Whitney test was used
to compare quantitative traits, and Pear-
son's chi-square was used to compare
qualitative traits.

Results: The analysis of the main in-
dicators of sleep in adolescents accord-
ing to the city of residence, sex and age
is presented in Table 2.

The data obtained indicate pro-
nounced differences between boys and
girls in all the studied sleep parame-
ters: girls are characterized by a later
bedtime, longer time spent on falling
asleep, with an earlier rise, which leads
to a total reduction in the duration of
sleep, compared to boys. The greatest
gender differences in sleep characteris-
tics were observed in Krasnoyarsk, to a
lesser extent in Abakan, and none at all
in Kyzyl.

Reliable differences were also ob-
served when comparing different age
groups. Younger schoolchildren (11-14
years old) went to bed earlier and got up
later, and their sleep duration was longer.
Only in Kyzyl, there were no reliable dif-
ferences in bedtime between age groups.
The time taken to fall asleep did not differ
between age groups.

Significant differences were found
among adolescents in the main param-
eters of sleep depending on the city of
residence. Later bedtime was noted in
Krasnoyarsk. Abakan and Kyzyl did not
differ in this indicator. The time taken to
fall asleep was also the longest in Kras-
noyarsk, followed by Abakan, and Kyzyl
in third place. The earliest time to wake
up was in Abakan, while in Krasnoyarsk
and Kyzyl they got up at the same time.
As a result, the total duration of sleep in
Krasnoyarsk and Abakan practically did
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not differ, while in Kyzyl it was significant-
ly longer.

When comparing the sleep patterns of
boys in different cities, the following was
noted. Their sleep duration did not differ
reliably. They went to bed reliably earlier
in Abakan, and in Krasnoyarsk and Kyzyl
they went to bed at the same time. It took
significantly more time to fall asleep in
Krasnoyarsk. We woke up reliably earlier
in Abakan.

When comparing the sleep patterns of
girls in different cities, there were also dif-
ferences. The longest sleep duration was
observed in Kyzyl, followed by Abakan,
and the least sleep was observed in
Krasnoyarsk. Krasnoyarsk was the city
where the girls went to bed the latest.
The longest time to fall asleep was noted
there, followed by Abakan and then Kyz-
yl. The earliest rise time was in Abakan,
and Krasnoyarsk and Kyzyl did not differ
by this indicator.

When comparing the age group of
11-14 years old in different cities, the
following points were highlighted. The
total duration of their sleep did not differ
significantly. This group went to bed the
earliest in Abakan, then in Kyzyl and the
latest in Krasnoyarsk. It took the longest
time to fall asleep in Krasnoyarsk, some-
what less time in Abakan, and the fastest
to fall asleep in Kyzyl. Abakan was the
first to wake up, while in Krasnoyarsk and

Table 1

Descriptive statistics of the main studied groups. % (absolute value)

Krasnoyarsk| Abakan Kyzyl
1 2 3 Bcero p
Total sample. n 3793 1339 200 5332
Boys 46.8 (1774) | 47.3 (633) | 41(82) |[46.7(2489)| p1-2=0.753
Girls 53.2(2019) | 52.7(706) | 59 (118) |53.3 (2843) gé:gzg(l)gg
11-14 years 52.9 (2006) |39.1(524)|56.5(113)[49.6 (2643) P1-2f0.001
15-18 years 47.1 (1787) | 60.9 (815) | 43.5(87) |50.4 (2689) g;gl{o}%ﬁ?
Boys. n 1774 633 82 2489
11-14 years 52.5(932) |36.5(231) | 57.3(47) |48.6(1210) | p1-2<0.001
15-18 years 47.5(842) | 63.5(402)| 42.7 (35) [51.4 (1279) g;:gz?)?)gi
Girls. n 2019 706 118 2843
11-14 years 53.2(1074) | 41.5(293) | 55.9 (66) |50.4 (1433) | p1-2<0.001
15-18 years 46.8 (945) | 58.5(413)| 44.1(52) [49.6 (1410) g;:g:gf)gi
Children 11-14 years. n 2006 524 113 2643
Boys 46.5(932) |44.1 (231)| 41.6 (47) |45.8 (1210) | p1-2=0.326
Girls 53.5(1074) | 55.9(293) | 58.4 (66) | 54.2 (1433) g%gzgggg
Children 15-18 years. n 1787 815 87 2689
Boys 47.1(842) |49.3(402) | 40.2 (35) |47.6 (1279) | p1-2=0.297
Girls 52.9(945) |50.7 (413) | 59.8(52) |52.4 (1410) Eg;g%gg
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Table 2

Characteristics of the main sleep indicators depending on city of residence, sex and age, Me (25%-75%)

Groups Number Bedtime Time to fall asleep Rising time | Sleep duration in min | Sleep duration in hours
Krasnoyarsk
232 15 7 465 7.8
total 3797 (22.5-24) (10-21.5) (6.7-8) (405-530) (6.8:8.8)
3 10 7 473 7.9
Boys 1776 (22.5-24) (10-20) (6.8-7.8) (420-533) (7-8.9)
. 235 15 7 455 7.6
Girls 2021 (22.7-24) (10-25) (6.5-7.7) (390-520) (6.5-8.7)
p <0.001 <0.001 <0.001 <0.001 <0.001
23 15 73 500 83
11-14 years | 2025 (22.5-24) (10-25) (6.8-8.8) (443-560) (7.4-9.3)
235 12 7 435 73
15-18 years | 1795 (23-24) (10-20) (6.5-72) (380-475) (6.3-7.9)
p <0.001 0.130 <0.001 <0.001 <0.001
Abakan
23 10 6.9 470 7.8
total 1339 (223223.8) (7-20) (6.5.73) (420-519) (7-8.7)
Bovs 633 23 10 7 475 7.9
Y (22.2-24) (5-15) (6.7-7.3) (430-530) (7.2:8.8)
Girls 706 23 10 6.7 462 77
(22.5:23.8) (8-20) (6.5-7.1) (415-508) (6.9-8.5)
p 0.608 <0.001 <0.001 <0.001 <0.001
23 10 7 500 83
1-14 years | 524 (2223.5) (7-20) (6.7-8) (450-555) (7.5:9.3)
23 10 6.8 455 7.6
15-18 years | 815 (22.5-24) (7-20) (6.5-7) (407-491) (6.8:8.2)
p <0.001 0.122 <0.001 <0.001 <0.001
Kyzyl
3 10 7 4825 8
fotal 200 (22.5:23.7) (5-15) (6.5-8) (440-532) (7.3-8.9)
Bovs o 23 10 7 485 8.1
y (22.5-24) (5-15) (6.5-8) (440-530) (7.3-8.8)
. 23 10 7 480 8
Girls 118 (22.5223.5) (7-15) (6.5-8.1) (432.5-533.5) (7.2-8.9)
p 0.606 0.124 0.987 0.993 0.993
23 10 75 515 8.6
11-14 years 13 (22.5-23.8) (5-15) (7-8.8) (470-545) (7.8:9.1)
1518 vears . 23 10 6.8 455 7.6
y (22.523.5) (7-15) (6.5-7.2) (415-504) (6.9-8.4)
p 0.809 0.756 <0.001 <0.001 <0.001
Comparison p1-2<0.001 p1-2<0.001 p1-2<0.001 p1-2=0.180 p1-2=0.180
of overall p1-3=0.012 p1-3<0.001 p1-3=0.398 p1-3=0.003 p1-3=0.003
samples p2-3=0.186 p2-3=0.022 p2-3<0.001 p2-3=0.009 p2-3=0.009
A comparison p1-2<0.001 p1-2<0.001 p1-2<0.001 p1-2=0.652 p1-2=0.652
. compariso p1-3=0.712 p1-3<0.001 p1-3=0.203 p1-3=0.388 p1-3=0.388
Y p2-3=0.198 p2-3=0.235 p2-3=0.241 p2-3=0439 p2-3=0.235
Comparison p1-2<0.001 p1-2<0.001 p1-2<0.001 p1-2=0.099 p1-2=0.099
part p1-3=0.002 p1-3<0.001 p1-3=0.743 p1-3<0.001 p1-3<0.001
ot giris p2-3=0.560 p2-3=0.025 p2-3<0.001 p2-3=0.003 p2-3=0.003
Comparison p1-2<0.001 p1-2<0.001 p1-2<0.001 p1-2=0.819 p1-2=0.819
of groups of 11- p1-3=0.568 p1-3<0.001 p1-3=0.960 pl-3=0.183 p1-3=0.183
14 year olds p2-3=0.035 p2-3=0.077 p2-3=0.003 p2-3=0.119 p2-3=0.119
Comparison p1-2<0.001 p1-2<0.001 p1-2<0.001 p1-2<0.001 p1-2<0.001
of groups p1-3=0.001 p1-3<0.001 p1-3=0.123 p1-3=0.001 p1-3=0.001
15-18 years old p2-3=0.844 p2-3=0.139 p2-30.533 p2-30.661 p2-3=0.661




Kyzyl there were no significant differenc-
es in rising time.

When comparing the age group of 15-
18 years old in different cities, reliable
differences were also revealed. In Kras-
noyarsk, sleep duration was 20 minutes
shorter than in Abakan and Kyzyl, where
this indicator did not differ. Bedtime was
also the latest in Krasnoyarsk, with no
differences in Abakan and Kyzyl. Also
in Krasnoyarsk it was significantly more
time spent on falling asleep. Getting up
was the earliest in Abakan, and the latest
time to get up was in Krasnoyarsk.

Discussion: The study revealed sig-
nificant differences in the main sleep
patterns between different urban (ethnic)
populations, as well as gender and age
differences.

The data obtained indicate marked
differences between boys and girls in all
studied sleep parameters: girls are char-
acterized by a later bedtime, longer time
spent falling asleep, and earlier rising,
which leads to an overall shorter sleep
duration compared to boys. This is most
likely due to their greater impressionabil-
ity, emotionality and tendency to experi-
ence events more deeply, which requires
more time to calm down and fall asleep.
Perhaps, girls are more responsible (anx-
ious) and spend more time on preparing
lessons. Also, this may be the reason for
earlier rising to have more time to get
ready for school, to tidy up and not to be
late for lessons.

The greatest gender differences in
sleep characteristics were observed in
Krasnoyarsk, to a lesser extent in Abakan
and completely absent in Kyzyl. That is,
there is a dependence on the degree of
urbanization and material status, avail-
ability of various entertainment and addi-
tional clubs, as well as, probably, on the
level of education of parents, way of life
and traditions that influence approaches
to upbringing and the degree of obedi-
ence of adolescents.

Similar results were obtained by Kore-
an researchers who also studied adoles-
cents 12-18 years old: girls went to bed
at 24 (£1.2) hours and boys at 23.8 (£1.1)
hours, girls woke up at 6.8 (+0.6) hours
and boys at 6.9 (+0.6) hours, total sleep
duration in girls was 6.7 (+1.4) hours and
in boys 7.1 (£9.8) hours, p=0.001 [13].
Also in a study by Organek K.D.M. et al.
boys reported more sleep than girls [7]. In
Japan, also during isolation for coronavi-
rus infection, later bedtime was reported
in girls [25]. However, other researchers
obtained the opposite result, in which
later bedtime was reported in men and
boys, although girls got up earlier, as we
did [1].

Also, researchers from Polar, a com-
pany that produces a program for re-

cording various sleep parameters, report
later bedtime and shorter sleep duration
in men. According to their sleep monitor-
ing data, women slept 22 minutes longer
than men in 28 countries [4]. Evidence
is also provided that gender differences
change with age. For example, in a large-
scale Brazilian study including 65,837
adolescents 12-17 years of age, the av-
erage sleep duration up to age 14 years
was longer in boys than in girls, and vice
versa from age 15 years. However, there
are studies that found no differences at
all in sleep duration between boys and
girls. For example, in the Republic of
Karelia in a sample of 539 people aged
10 to 18 years, no significant sex differ-
ences were found, although the results
of the Pittsburgh Sleep Quality Inventory
(PSQI) survey showed that girls had a
higher total score, indicating worse sleep
quality than boys [3].

When comparing different age groups
in our study, there were also significant
differences: younger schoolchildren (11-
14 years old) went to bed earlier and got
up later, and thus their sleep duration
was longer.

The same results were obtained by
many researchers. In the Republic of
Karelia in the interval from 10 to 18 years
of age, the difference in sleep duration
time amounted to 3 hours 24 min [3].
Brazilian researchers compared the age
groups of children at 12 and 17 years old,
the difference in sleep duration in them
amounted to about 1 hour [14]. This de-
crease in sleep duration in adolescence
can be explained by puberty factors, in
which there is a slowdown in melatonin
secretion, especially in the late stages,
which leads to a delay in the sleep phase,
later bedtime and awakening [12]. Also
increased work activity and academic
workload among older adolescents, in-
creased availability of gadgets contribute
to this situation. In a recent systematic re-
view, digital media use has been shown
to be associated with shorter sleep du-
ration and poorer sleep quality [16]. This
was confirmed in our previous study: ad-
olescents with ID had late bedtime, late
awakening, shorter nighttime sleep du-
ration, longer falling asleep and frequent
night awakenings, and greater daytime
sleepiness [2].

In addition, we found significant dif-
ferences among adolescents in the main
parameters of sleep depending on the
city of residence. Sleep duration and all
its regime moments suffered the most in
Krasnoyarsk (especially in girls, as more
susceptible to emotional problems),
which is probably associated with great-
er opportunities and greater accessibility
of various entertainment organizations,
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sports sections and institutions of ad-
ditional education, leading to greater
workload of children. The influence of
national traditions in terms of child rear-
ing and accepted norms of behavior, in
particular the degree of parental author-
ity and control over adolescents, is also
possible.

Differences in sleep duration and oth-
er sleep parameters in different nationali-
ties have also been reported in studies by
many authors. For example, according to
anonymous sleep monitoring in 28 coun-
tries conducted by Polar (the manufac-
turer of the Polar Sleep Plus program for
detailed sleep analysis), it was found that
the longest sleep duration is in Estonia:
7 hours 36 minutes, and the shortest - in
Japan: 6 hours 33 minutes. The earliest
time to go to bed is 23:09 in Australia and
22:45 in South Africa. The latter are the
earliest to rise in the morning - at 6:06.
Lateest to bed in Hong Kong - 00:52
and Spain 00:45. [4]. Also in the U.S., a
number of studies have been conducted
to investigate racial-ethnic differences in
sleep characteristics between children of
national minorities (Hispanics, Asians,
and African Americans) and representa-
tives of the white race [21]. At the same
time, almost all authors registered a de-
crease in sleep duration in these groups
of children by an average of half an hour
or more compared to white children [6,
7, 22]. At the same time, the decrease
in sleep time was mainly due to a later
bedtime [6]. The authors suggest that this
is due to racial-ethnic discrimination of
children, which makes them susceptible
to the influence of stress [15], as well as
to the influence of cultural, national char-
acteristics and social status, including
long distances to school, which requires
earlier rising and, consequently, reduced
sleep [21].

In addition, it should be noted that in
all the cities of Siberia studied by us, in
most cases the established physiolog-
ical norms of sleep for adolescents are
not observed. The median bedtime is
23 hours, while the desirable norm is
up to 22 hours, and the sleep duration
time is also insufficient. In all cities, this
indicator does not meet the age-specif-
ic norms recommended by the Nation-
al Sleep Foundation (9-11 hours before
14 years of age and 8-10 hours after 14
years of age) [19]. Even in Kyzyl, where
the highest value of this indicator is ob-
served, children do not get almost half
an hour of sleep. Moreover, this situation
is observed not only in Russia, but also
around the world. For example, Norwe-
gian schoolchildren aged 16-17 years
sleep on average 7 hours and 36 minutes
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during school days [23]. Sleep duration
of less than 8 hours was also observed
among adolescents in Poland, Latvia, Es-
tonia, and Greece [23]. In Japan, among
schoolchildren aged 12-17 years, 28.7%
of boys and 32.6% of girls had less than
6 hours of sleep per night [9]. Although
in some European countries and in the
USA, high school students sleep at least
8 hours [23]. According to other data, one
third of high school students in the USA
also sleep less than 8 hours [22].

The decrease in sleep duration in
our study was mainly due to late bed-
time. Many authors have identified late
bedtime as a factor predisposing to the
development of cardiovascular pathol-
ogy, depression, cognitive impairment
and increased body mass index [13, 26].
The use of smartphones before bedtime
is considered to be one of the causative
factors, which due to exposure to short-
wave (blue) light reduces melatonin pro-
duction by 14-15% and thus delays the
onset of sleep [17].

Conclusion:

Thus, considering the results obtained,
the following conclusions can be drawn:

1. Differences between the stud-
ied cities of Siberia in the frequency of
occurrence of sleep disorders in adoles-
cents have been established: in Kras-
noyarsk (Caucasians) there was a later
bedtime, more time was required to fall
asleep, and, accordingly, a shorter dura-
tion of sleep was registered, compared to
Abakan (Khakassians) and Kyzyl (Tuvini-
ans).

2. Gender and age differences
in sleep patterns were revealed: girls,
compared to boys, and the older age
group (15-18 years old), compared to
the younger (11-14 years old), had sig-
nificantly more pronounced violations of
all sleep parameters in all cities studied,
except Kyzyl: they went to bed later, fell
asleep longer, got up earlier, had a short-
er sleep duration.

3. In all Siberian cities under study,
adolescents have late bedtime (at 23
hours and later) and reduced sleep du-
ration below the established age norms
(less than 9 hours in the group of 11-14
year olds, and less than 8 hours in the
group of 15-18 year olds), which corre-
sponds to the situation in other regions of
Russia and abroad.
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T.A. Legostaeva, A.S. Shirinkina

ANALYSIS OF ILE105VAL POLYMORPHISM
ASSOCIATIONS OF GSTP1 GENE

WITH IMMUNE REACTIVITY MARKERS,
OXIDANT STATUS AND REGULATION

OF APOPTOSIS IN THE CHILDREN'S
POPULATION OF THE KRASNOYARSK
REGION IN THE CONDITIONS

OF BIOEXPOSURE OF ALUMINIUM

An important task in the context of environmental pollution and the accumulation of heavy metals, including aluminum, is the development of
sensitive diagnostic tests, including the search of genetic markers of susceptibility, which make it possible to identify high-risk groups and justify
preventive measures to reduce health damage. The aim of the study was to assess the role of the lle105Val polymorphism of the GSTP1 gene
(rs1695) in the processes of cell death regulation in the child population under conditions of bioexposure to aluminum. Materials and methods.
Preschool children (average age 5.34+0.10 years) were examined, 37 children permanently residing in the zone of influence of emissions from a
non-ferrous metallurgy enterprise formed the observation group, and 27 children from the conditionally clean territory were included in the com-
parison group. Aluminum in urine was analyzed by mass spectrometry with inductively coupled plasma. Apoptosis indicators were studied by flow
cytofluorometry. SNP genotyping was performed by real-time PCR. Results. The level of aluminum contamination in the urine of children in the
observation group exceeded similar indicators in the comparison group by 1.53 times (p=0.004). A change in the ratio of immune cell populations
was observed (a decrease in CD3"- and CD4*-lymphocytes, p=0.000-0.010) against the background of a violation of the overall oxidant-antioxidant
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balance (p=0.004-0.042). We identified the proapoptotic effects of the glutathione system associ-
ated with the increased frequency of G allele of the GSTP17 gene (rs1695), with the balance sheet
of regulatory proteins Bcl-2/Bax (decrease by 2.78 times, p<0.001) and an increase in the num-
ber of apoptotic Annexinv-FITC*7ADD-cells by 2.59 times (p=0.016). Based on the results of the
study, a hypothesis on the role of GSTP1 was formulated as an expression product GSTP1 gene
(rs1695), in the regulation of the processes of programmed cell death with an increased level
of contamination of biological media with aluminum. Conclusion. Thus, the G allele (105Val)
of the phase |l detoxification gene of glutathione-S-transferase GSTP1 can be considered as a
marker of sensitivity in the examined group and can form an increased risk of immune disorders
(RR=2.03; 95%CI=1.03-3.99), including dysregulation of cell death processes, under conditions
of bioexposure to aluminum.

Keywords. Genetic polymorphism; lle105Val GSTP1; apoptosis; oxidative stress; aluminum.
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Introduction. Aluminum is one of the
most common non-essential chemical el-

and tissues, through the complication of
cell signaling pathways, the release of

ements, making up more than 8% of the
earth's crust, and the intensive develop-
ment of the aluminum industry, caused
by the growing consumption of the metal,
leads to an increase in the level of expo-
sure and the likelihood of developing ad-
verse physiological effects, including dis-
eases of the skeletal system, metabolic
syndrome, neurodegenerative disorders,
oncopathology [2]. The immunotropic
effect of the metal is realized through
general toxic properties, including pro-
oxidant, proinflammatory, proapoptotic
activity in relation to various cell lines

cytokines, DNA damage and epigenetic
changes [12].

Under conditions of a high level of ac-
cumulation of xenobiotics, the functional
state of the enzyme biotransformation
systems, which carry out metabolic
transformations of toxic compounds,
is of great importance [5]. Phase Il en-
zymes of the xenobiotic detoxification
system of glutathione-S-transferases
(GST) neutralize electrophilic com-
pounds by conjugation with glutathione,
participate in the metabolism of endoge-
nous substrates (hormones, lipids, pros-
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taglandins), providing cell resistance to
free radicals and DNA damage, and also
participate in cellular signaling, regula-
tion of the cell cycle [8]. The GSTP1 en-
zyme (17 class) plays an important role in

Table 1

Markers of immune reactivity and oxidative status in examined children
with contamination of biological media with aluminum and in the comparison group

the elimination of airborne toxicants, and Observation Comparison
its participation in antioxidant protection group group
. . R Parameter _ — p

and the relationship of individual poly- (n=37) (n=27)
morphic variants of the GSTP1 gene are Me[IQR] Me[IQR]
actively studied with a predisposition to | Ajyminum [urine], mg/dm? 0.0069[0.0054]* | 0.0045[0.0036] | 0.004
various pathological conditions, includ- —
ing cardiovascular, atopic, lymphoprolif- Leukocytes, 10%/dm 5.5[1.9] 6.2[1.1] 0.045
erative diseases [1]. CD3+-lymphocytes, % 67[5] 75[7] <0.001

The aim of the study was to assess N
the role of the /le 105Val polymorphism of CD4+-lymphocytes, % 37011 D] 0.010
the GSTP1 gene (rs1695) in the process- Plasma antioxidant activity, % 31.77[6.34] 37.39[9.55] 0.004
es of cell death regulation in the pediatric | [ ipid hydroperoxides, pmol/dm? 227.5[90.2] 198.8[68.7] | 0.042

population under conditions of bioexpo-
sure to aluminum.

Materials and methods. The study
was conducted with the participation of
preschool children (mean age 5.34+0.10
years). A total of 64 children were ex-
amined, Russians (56% boys and 44%
girls), of which 37 children formed the
observation group, permanently resid-
ing in the zone of influence of emissions

Note: p — level of significance of intergroup differences according to the Mann-Whitney
criterion. *-reference level of aluminum content in urine <0.006 mg/dm?®.

Table 2

Genetic analysis of the Ile105Val polymorphism of the GSTPI gene (rs1695)
in examined children with contamination of biological media with aluminum
and in the comparison group

of the non-ferrous metallurgy enterprise Observation erou Comparison erou
(Krasnoyarsk city), and 27 children were Genotype, allele (n=37), 0%, P (Ir)1=27), "% b OR (95%CT)
included in the comparison group from a
conditionally clean territory (Divnogorsk 44 432 704 0.32 (0.11-0.92)
city, Krasnoyarsk region). The formed AG 459 25.9 2.43 (0.83-7.13)
groups were comparable in age and gen-
der characteristics, ethnicity (p>0.05). All GG 10.8 3.7 3.15(0.33-29.93)
legal representatives of the examined AA+AG 89.2 96.3 0.32 (0.03-3.01)
children S|gn§d vqluntary informed con- 1G1GG 56.8 206 3.12 (1.09-8.92)"
sent to participate in the study.

The content of aluminum in urine A 66.2 83.3 0.39 (0.17-0.93)
was studied by mass spectrometry with 338 16.7
inductively coupled plasma on an Agi- G ' ' 2.55 (1.08-6.04)**
lent 7500cx mass spectrometer (Agilent RR(95%CI)=2.03(1.03-3.99)
Technologies Inc., USA). Lipid hydrop- pIVE 0.83 1.00

eroxides were studied by enzyme immu-
noassay using commercial test systems
(Elabscience, China). Antioxidant activity
of plasma was determined colorimetrical-
ly on a 5400-PE Ekros spectrophotome-
ter (Russia). Apoptosis indices (regulato-
ry proteins Bcl-2 and Bax, p53), lympho-
cyte fractions by membrane CD markers
were studied by immunofluorescence us-

Note: OR — odds ratio; RR — relative risk; CI — confidence interval; HWE — Hardy-Weinberg

equilibrium. *y?=4,64; p=0,031, **y?=4,69; p=0,030.
Table 3

Features of apoptosis regulation markers in the examined children of observation group
associated with the Ile105Val genotypes of the GSTPI gene

ing labeled monoclonal antibodies on a
FACSCalibur flow cytofluorometer (Bec- A4 AG+GG

L Parameter (n=16) (n=21) p
ton Dickinson, USA). Lymphocyte apop- Me[IQR] Me[IQR]
tosis was detected by binding to Annexin
V-FITC and the vital dye 7-AAD (7-ami- | AnnexinV-FITC + 7TAAD—cells, % 0.64[1.07] 1.66[10.76] 0.016
no-actinomycin D) with determination of | AnnexinV-FITC+7AAD+-cells, % 2.14[3.51] 8.85[23.62] 0.017
the stage of early apoptosis (AnnexinV- S o
FITC*7AAD-cells) and late apoptosis or Bl-2, % 9-1714.22] 4.05.7] 0.047
necrosis  (AnnexinV-FITC*7AAD*-cells) | Bax, % 5.54[5.63] 10.43[9.96] 0.036
using commercial kits (Becton Dickinson, | Bcl-2/Bax 1.50[0.69] 0.54[0.26] <0.001
USA). The testing of the polymorphic 53, % 9.63[6.46] 13.3[9.4] 0478

marker lle105Val GSTP1 (rs1695) was
performed using the SNP-screen kits
(Synthol, Russia) by PCR with real-time

Note: p — level of significance of intergroup differences according to the Mann-Whitney
criterion.



detection on a CFX96 thermal cycler
(Bio-Rad, USA).

The results of the study were pro-
cessed in the Statistica 10.0 software
product (Statsoft, USA). The frequencies
of alleles and genotypes were calculated
in the Gen-Expert online calculator. The
results of the study are presented as a
median and interquartile range (Me[IQR])
or frequency (%). Comparisons were
made using the Mann-Whitney U-test
and the chi-square test (x?), the odds
ratio (OR) and the relative risk (RR)
were calculated with the definition of the
boundaries of the 95% confidence inter-
val (95%Cl). The construction of the “ex-
posure marker — effect marker” models
was performed using the method of logis-
tic regression analysis with calculation of
the Fisher criterion (F) and the determi-
nation coefficient (R?). Differences were
considered significant at p<0.05.

Results and discussion. The study
revealed shifts in functional indicators in
the group of examined children against
the background of contamination of bi-
ological media with aluminum (Table
1). According to the results of chemical
analysis, the level of contamination of
biological media in terms of aluminum
content in urine was 1.53 times higher in
the observation group compared to the
comparison group (p=0.004). A violation
of the oxidant-antioxidant balance was
revealed in children of the observation
group with an increase of lipid hydroper-
oxide content by 14% and a decrease in
the total antioxidant activity of plasma by
1.2 times according to the values in the
comparison group (p=0.004-0.042). The
change in the ratio of immunocompetent
cell populations in the observation group
was associated with a general decrease
in the number of leukocytes and a de-
crease in the subpopulations of CD3*-
and CD4*-lymphocytes by 11-13% rela-
tive to the comparison group (p=0.000-
0.045).

The results of genetic analysis of the
lle105Val polymorphism of the GSTP1
gene (Table 2) showed a lower frequen-

cy of occurrence of the homozygous AA
genotype (by 1.63 times) and higher fre-
quencies of homozygous and heterozy-
gous genotypes for the allele G (105Val),
by 1.92 times in the group of examined
children relative to the comparison group
(p=0.031). The frequency of the allele G
exceeded the indicators in the compari-
son group by 2.02 times (p=0.030). The
probability of the risk of negative health
consequences in carriers of the G allele
(rs1695) of GSTP1 detoxication gene in
the observation group increases by 2.03
times (RR=2.03; 95%CI=1.03-3.99).

Analysis of the distribution of apopto-
sis markers depending on the carriage
of polymorphic variants lle105Val of the
GSTP1 gene (Table 3) revealed excess
levels of apoptosis in the observation
group in carriers of homozygous and
heterozygous genotypes for the G allele,
relative to those with the AA genotype, on
average by 2.59 times for the AnnexinV-
FITC*7AAD~cells indicator and by 4.14
times for the AnnexinV-FITC*7AAD"-cells
indicator (p=0.016-0.017). Dysregulation
of cell death processes was observed
with a 2.78-fold decrease in the overall
ratio of Bcl-2/Bax regulatory proteins
(p<0.001), associated with carriage of
the G allele of the lle105Val GSTP1 poly-
morphism.

Mathematical modeling showed the
probability of changes in cellular homeo-
stasis markers depending on an increase
in the level of contamination of biomedia
with aluminum (Table 4). Models of "ex-
posure marker - effect marker" depen-
dencies revealed a reliable relationship
between elevation in the concentration
of aluminum in the urine and a decrease
in the lymphocyte fraction and total an-
tioxidant activity of plasma (R?=0.474-
0.568; p=0.012-0.027). The probability
of an increase in apoptotic AnnexinV-
FITC*7AAD-cells enhances with the lev-
el of bioexposure to aluminum (R?=0.949;
p<0.001).

Aluminum is a widespread metal with
high reactivity towards cells and tissues
of living organisms. Al** ions are able to
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influence the activity of key metabolic
pathways, compete with Mg?* for phos-
phate sites in critical biological enzymes
such as ATPase, interfere with the func-
tioning of second messenger systems;
stimulate the production of reactive ox-
ygen species (ROS), which disrupt mi-
tochondrial metabolism, damaging the
mitochondrial membrane and activating
apoptosis processes, while the prooxi-
dant effects of aluminum are associated
with changes in the expression of regu-
latory proteins Bcl-2/Bax, a significant in-
crease in the reactivity of Bax, caspase-3
and c-Jun N-terminal kinase (JNK),
which through the regulation of transcrip-
tion factors (c-Jun and ATF2, p53) affects
changes in the cell cycle, repair of DNA
damage and/or programmed cell death
[7, 9]. Aluminum has also been shown
to induce down-regulation of the Nrf2/
Keap1 signaling pathway, which likely
mediates the inhibitory effect of the metal
on the antioxidant system and promotes
ROS accumulation [6].
Glutathione-S-transferases catalyze
and promote excretion of many xenobi-
otics, as heavy metals, including alumi-
num, via conjugation with glutathione.
Several studies have found a significant
decrease in glutathione-S-transferase
activity and glutathione levels after alumi-
num exposure, and higher urinary alumi-
num concentrations were associated with
lower enzyme activity [4], while differen-
tial susceptibility to heavy metals was as-
sociated with glutathione-S-transferase
gene polymorphisms, enzymatic activity
deficiencies, and decreased detoxifica-
tion in the context of oxidative stress [11].
The lle105Val polymorphism (rs1695)
of the GSTP1 gene, located on chromo-
some 11q13, is a missense mutation and
is localized near the active center of the
enzyme. The substitution of adenine (A)
for guanine (G) at position 313 of exon
5 determines the exchange of the amino
acid isoleucine (lle) for valine (Val) at co-
don 105 and leads to a modification of the
catalytic properties [14]. It is believed that
the 105Val variant has low thermal sta-

Table 4

Parameters of the “exposure marker — effect marker” models in the examined children of the observation group

Exposure marker Effect marker chr)fj:fctﬁ(e)rilnodfig:tilige b, b, F R? P
Lymphocytes Decrease -4.92 |574.57| 7.24 | 0.474 | 0.027
Aluminum [urine] Plasma antioxidant activity Decrease 5.67 |-804.54| 10.56 | 0.568 | 0.012
AnnexinV-FITC+ 7AAD—-cells Increase 2.50 |-630.84|109.41| 0.949 |<0.001

Note: b0, bl — parameters of the mathematical model; F — Fisher criterion; R2 — determination coefficient; p — level of statistical significance

of the model.
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bility and reduced functional activity due
to steric changes in the substrate-binding
site, which can lead to a decrease in the
ability to detoxify and an increase in the
accumulation of toxic substances [3].

The important role of glutathi-
one-S-transferases in the regulation of
signaling pathways responsible for the
stress response, cell proliferation and
apoptosis is determined through interac-
tion with stress-associated MAP kinases,
when GSTP1 acts as a chaperone, form-
ing complexes with JNK, and negatively
regulates signaling that induces apopto-
sis (c-Jun and AP1). The G allele variant
(705Val) of the GSTP1 gene can increase
JNK activity and disrupt the protective
function of cells. In addition, GSTP1
modulates NF-kB-mediated regulation of
transcription of target genes that mitigate
the effects of oxidative stress through
IkBa, when an increase in ROS promotes
the dissociation of GSTP1 and the acti-
vation of signaling pathways that ensure
cell survival, increased antioxidant activ-
ity and ROS elimination, which can ulti-
mately reduce ROS-induced JNK-medi-
ated signaling [10, 13].

Based on the results of the study, we
formulate a hypothesis about the role of
GSTP1, as a product of the expression
of the GSTP1 gene (rs1695), in the reg-
ulation of cell death processes at an in-
creased level of contamination of biolog-
ical media with aluminum, taking into ac-
count the features of its metabolism, the
effect of the enzyme on the oxidant-an-
tioxidant status and the regulation of in-
tracellular signaling pathways. Further
study of this issue is necessary due to
the small sample size of the examined
population, possible age and ethnic char-

acteristics, intergenic interactions and
epigenetic modifications affecting various
aspects of the cellular homeostasis regu-
latory system.

Conclusion. Thus, the conducted
study allowed us to establish the risk
of developing apoptosis dysregulation
under conditions of aluminum bioexpo-
sure and its association with the G allele
(705Val) of the GSTP1 gene (RR=2.03;
95%Cl1=1.03-3.99), the carriage of which
can be considered as a specific indica-
tor that allows us to differentiate high-risk
groups for the purposes of optimizing
treatment and preventive measures for
the development of immunoregulatory
disorders in children under conditions of
excessive aluminum bioexposure.
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SEROLOGICAL AND MOLECULAR
DIAGNOSTICS OF COMBINED INFECTION
"BRUCELLOSIS + TOXOPLASMOSIS"
AMONG THE POPULATION OF AZERBAIJAN

This article presents the results of a study on the diagnosis of the combined infection "brucellosis + toxoplasmosis" among the population of
Azerbaijan. The aim of this study was to investigate the frequency and characteristics of detection of dual infection "brucellosis + toxoplasmosis"
among samples received by the Special Dangerous infections Control Center. The results of the conducted study may have great scientific and
practical significance both for fundamental science and for clinical practice. The analysis of the results of studies of the Special Dangerous In-
fections Control Center’s laboratory of blood samples received in 2019-2021 from 3208 patients with suspected brucellosis who sought medical
treatment in the country was carried out. Serological and molecular testing was carried out by generally accepted methods in accordance with the

rules in BSL2.
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Introduction. Brucellosis and toxo-
plasmosis, which have serious health
consequences, are considered neglected
zoonotic diseases with a worldwide distri-
bution, which are endemic in Azerbaijan
[7, 8]. It is known that both brucellosis
and toxoplasmosis have common non-
specific clinical symptoms, such as fe-
ver, weakness, muscle pain, and others,
which significantly complicates the differ-
entiation of diseases only on the basis of
clinical data. Moreover, in both infections,
diagnosis presents some difficulties due
to the imperceptible course of the dis-
ease, similarity of clinical manifestations,
late appeal of the population to medical
institutions.

In Azerbaijan, brucellosis is recog-
nized as a particularly dangerous dis-
ease, which requires emergency noti-
fication within 24 hours to the relevant
medical structures and the electronic
monitoring system for infectious diseases
[8]. Every year, about 20% of all initially
notified suspected cases of brucellosis
remain unconfirmed based on the results
of laboratory testing. Parallel testing for
other infections, including toxoplasmosis,
is not provided for by the rules of labora-
tory diagnostics adopted in the country.
Toxoplasmosis infection in the country, as
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well as in many other countries, is often
detected in connection with problems in
pregnant women, such as miscarriages,
premature births, etc. [3, 9, 13].

Given the similar risk factors for human
infection, such infections can be detected
both on their own and in combination with
others. Combined infection with these in-
fections can enhance pathogenesis and
cause a more severe course of the dis-
ease. [1, 10]. Dual infection in the form
of toxoplasmosis + brucellosis is rarely
registered among people around the
world, however, this should not reduce
interest in the study in connection with
the search for effective ways to differen-
tiate one infection from another, as well
as to exclude the loss of cases and their
adequate treatment [2, 5]. In Azerbaijan,
possible co-infection with brucellosis and
toxoplasmosis among humans has been
identified for the first time. Considering
the above, the study of laboratory diag-
nosis of co-infection “brucellosis + toxo-
plasmosis” is important for both funda-
mental science and clinical practice, and
can help improve the diagnosis, therapy
and prevention of infectious diseases.

The purpose of this study was to
study the frequency and characteristics
of detection of the dual infection "brucel-
losis + toxoplasmosis" among samples
received by the Center for Control of Par-
ticularly Dangerous Infections (CCPDI).

Material and methods. The study in-
cluded the results of laboratory tests of
blood samples performed at the Center
for the Control of Particularly Dangerous
Infections (CDOCI), where medical insti-
tutions of the republic send material from

patients with suspected brucellosis. The
material from patients with suspected
brucellosis was collected upon patient's
application before the start of antibiotic
therapy. A total of 3208 blood samples
were examined. All tests were carried out
in a laboratory of the second level of bio-
logical safety (BSL-2) in accordance with
the order of the Ministry of Health No.
64 "Rules for Control and Supervision of
Particularly Dangerous Infections". Ac-
counting, storage, transfer, transportation
of biological material suspected of having
the causative agent of brucellosis, and
waste disposal were carried out in accor-
dance with the biosafety rules implement-
ed in the CCPDI.

The descriptive characteristics of pa-
tients with suspected brucellosis are pre-
sented in Table 1.

Blood serum was tested for the pres-
ence of antibodies to the causative agent
of brucellosis using the following tests:
plate agglutination reaction (Heddleson
reaction) and test tube agglutination re-
action (Wright reaction) using the test
system "Brucella-reagent” manufactured
by ZAO "ECOlab" (RF); and Roze Bengal
- with the ADR® Roze Bengal test man-
ufactured by "Mediko Kimya Ltd." (Tur-
key). Antibodies to the causative agent of
brucellosis in blood serum were also de-
termined by the ELISA method using the
NovalLisa TM Brucella IgM - ELISA test
systems manufactured by "RayBiotech"
(USA). The ELISA results were recorded
on an automatic ELISA reader Thermo
Scientific Multiscan FC (SN 357-904086).

To detect antibodies to toxoplasma,
ELISA test systems from Novatec Im-



. YAKUT MEDICAL JOURNAL

mundiagnostica GMBH (Almaniya) were
used. ELISA results were recorded using
an automatic ELISA reader Thermo Sci-
entific Multiscan FC (SN 357-904086).

Molecular detection of Toxoplasma
gondii was performed using the AmpliS-
ens® Toxoplasma gondii — FRT PCR Kit
in real time on the Real Time Biorad CFX
96 apparatus.

Testing of samples and interpretation
of results were carried out in accordance
with the kit manufacturer's instructions.

Statistical significance was calculated
using the x2 method or Pearson's exact
test for comparing differences in vari-
ables [6]. A significance level of p<0.05
was taken as statistically significant
changes.

Results and discussion. 3208 blood
serum samples were studied, of which
2810 (87.6%) belonged to patients with
chronic brucellosis, 398 (12.4%) - to
newly registered cases of brucellosis. Of
these, 294 (72.4% of all newly registered
samples) were positive for brucellosis in-
fection, and 448 (13.0% of all chronically
infected samples) were samples taken
from repeat patients.

The results of the study of IgG and IgM
seroprevalence among the studied blood
samples to Brucella and Toxoplasma
gondii for the study period are presented
in Table 2.

As can be seen from Table 2, antibod-
ies to Brucella and Toxoplasma gondii
were detected in a very small number of
samples. However, the obtained results
allowed us to discover some patterns.
For example, the seropositivity of men
with 1gG to Brucella was higher (63.4% of
all positive results). Statistically revealed
differences are significant and reliable —
¥X2=6.80, p = 0.009. For IgM, the picture
is completely opposite - 64.3% of all posi-
tive results occurred in women. However,
the results obtained are not statistically
significant (x2=0.64, p=0.422). According
to the results of the test for seropositivity
for antibodies to Toxoplasma gondii, the
proportion of women prevailed for both
IgG and IgM (75.0% and 57.4%, respec-
tively).

Gender differences in IgM, both sta-
tistically insignificant (x2=0.92, p=0.339)
and statistically significant in IgG (x2=8.7,
p=0.004), can be explained by the char-
acteristics of the immune response, which
depend on gender. Women may have a
more pronounced humoral response in
the early stages of infection (IgM), while
men may have a more robust response
(IgG). In addition, a high proportion of IgG
in men to Brucella may indicate previous
or chronic forms of infection, which may
be associated with constant exposure

to the pathogen in certain professions
(farmers, hunters).

By age groups, seropositive samples
for IgG to Brucella were distributed al-
most evenly (p>0.05). However, for IgM,
the largest proportion of seropositive
samples were in the age groups “10-19
years” and “60 years and older” - 28.6%
of all positive samples each. The preva-
lence of the studied indicators in the age
group “60 years and older” may indicate
long-term exposure to risk factors or a
chronic course of infections, since both
pathogens, Brucella spp. and Toxoplas-
ma gondii, can remain in the body for a
long time. As some authors point out, the
key aspect in this case may be occupa-
tional risks of infection [1, 6].

As for seropositivity to Toxoplasma

gondii, the largest proportion for both IgG
and IgM is typical for the age group “20-
29 years” (28.0% and 24.1%, respective-
ly). At this age, the immune system may
still be active enough to respond in the
form of IgG and IgM antibodies, which
makes it possible to detect both current
and past infection.

Analysis of tested samples at the
place of residence of patients showed
that for I9G to Brucella, the proportion
of seropositives was higher in rural res-
idents (54.5% of all positive, x2 = 0.64,
p = 0.422). For IgM, on the contrary — in
urban residents (71.4% of all positive,
p<0.05). However, these differences
did not have statistical significance -
X2=1.79, p=0.181.

Samples from patients living in dis-

Table 1

Descriptive characteristics of patients who applied to the Central Clinical Particularly
Dangerous Infections (CCPDI). with suspected brucellosis

Study years Total patients Males (%) Females (%) A()‘;‘e;?itgifér?t%e
2019 1689 (5965_2) (233%) 32.540.6
2020 738 (;151'(;) (ﬁg) 33.420.6
2021 781 (2‘31_63) (266.57) 32.1+0.4

Total 3208 (15757) (111361) 32.740.4

Table 2

Seroprevalence of IgG and IgM among the studied blood samples
to Brucella and Toxoplasma gondii for 2019-2021

Brucell? an}ibody test Toxoplasma gondii
Variables N=3208 e(soz )t 5 antibody test results, (%)
1gG IgM IgG IgM
101 14 36 54
men 64 (63.4) 5(35.7) 9(25.0) 23 (42.6)
by gender
women 37(36.6) | 9(64.3) | 27(75.0) | 31(57.4)
0-9 years 9(8.9) 0 1(2.8) 5(9.3)
10-19 years 20 (19.8) 4 (28.6) 2 (5.6) 6(11.1)
20-29 years 15 (14.6) 2(14.3) 10 (28.0) | 13 (24.1)
by age categories 30-39 years 14 (13.9) 1(7.7) 5(13.9) 10 (18.6)
40-49 years 13 (12.9) 1(7.7) 25.6) 6 (11.1)
50-59 years 14 (13.9) 2 (14.3) 5(13.9) 9(16.7)
60 years and older | 16 (15.8) 4 (28.6) 11 (30.6) 5(9.3)
by place city 46 (45.5) | 10(71.4) | 13(36.1) | 15(27.8)
of residence district 55(54.5) | 4(28.6) | 23(63.9) | 39(62.2)




Table 3

Frequency of detection of specific antibodies to brucellosis, toxoplasmosis and combined
infection "brucellosis + toxoplasmosis" for 2019-2021

Specific antibodies Absolute number Percentagtee(s)tf;: ?111 samples
1gG to Brucella 101 3.1
1gG to Toxoplasma gondii 36 1.1
1gG to Brucella +Toxoplasma gondii 48 1.5
IgM to Brucella 14 0.4
IgM to Toxoplasma gondii 54 1.7
1gM to Brucella +Toxoplasma gondii 2 0.1

tricts and villages were seropositive for
both 1IgG and IgM to Toxoplasma gondii
(63.9%; x2=2.26, p=0.133 and 62.2%;
Xx2=9.88, p=0.002, respectively). This
may be explained by the presence of in-
fected people in an environment where
both pathogens (Brucella and Toxoplas-
ma gondii) circulate, which also increas-
es the likelihood of co-infection.

The results of molecular diagnostics
for detection of Toxoplasma gondii, de-
spite the small proportion of positive re-
sults, are of undoubted interest for both
epidemiologists and clinicians. Positive
PCR results for Toxoplasma gondii were
found in 89 (2.8% of all tested samples).
As some authors point out [3, 6, 9, 13],
toxoplasmosis in an organism with good
immunoresistance rarely produces typi-
cal manifest forms: in 95-99% of cases,
this disease is asymptomatic and re-
mains undiagnosed due to the absence
of pathognomonic signs. Thus, the ob-
tained data allow us to talk about the
advisability of testing for toxoplasmosis if
brucellosis is suspected, especially with
a negative result. Dolgikh T.I. and other
authors indicate that molecular diagnos-
tics allows detection of genetic material
of toxoplasma in blood, cerebrospinal flu-
id and biopsies and has high diagnostic
value in acute and congenital toxoplas-
mosis, as well as in monitoring patients
with weakened immunity. The diagnostic
value of PCR increases when combined
with serological methods. [4, 11, 12]. The
frequency of positive tests for the com-
bined infection "brucellosis + toxoplas-
mosis" among all those tested during the
study period is presented in Table 3.

The demographic characteristics of
patients in whose samples a combined
infection of “brucellosis + toxoplasmosis”
was detected were almost identical: by
gender, the ratio of men to women with
the parallel presence of IgG and IgM an-
tibodies to Brucella + Toxoplasma gondii
was 1:1. By age group: the largest pro-

portion of samples with co-infection “bru-
cellosis + toxoplasmosis” was from pa-
tients in the age category “20-29 years”.
The average age of these patients was
33.3+0.4 years. By place of residence -
68.8% are residents of districts and vil-
lages, which may be due to the constant
exposure of these individuals to these
infections during their daily activities on
farms or private farms. The presence of
IgG antibodies to both pathogens may
also indicate past exposure, while de-
tection of IgM (especially in combination
with a high IgG titer) may be a marker of
an active process.

Seropositivity for IgG to Brucella or
Toxoplasma gondii does not necessarily
indicate the presence of an active infec-
tion. Many authors consider this fact to be
a sign of the host's humoral immune re-
sponse to pathogens. [10, 13] Converse-
ly, the combined infection “brucellosis +
toxoplasmosis” can aggravate the course
of the disease. For example, toxoplasmo-
sis may modulate the immune response,
which may contribute to a more protract-
ed or severe course of brucellosis.

In addition, the presence of antibod-
ies, especially the IgG class, can be as-
sociated not only with infection, but also
with vaccination (in the case of brucello-
sis). This requires confirmatory tests (eg
PCR or culture) to make an accurate di-
agnosis. In this study, out of 33 cultures,
only 78.8% were Brucella melitensis and
only 21.2% were Brucella abortus. This
proportion indicates a higher epidemio-
logical significance of Br.melitensis in the
country, which may be due to the spread
among sheep and goat owners, as well
as the lack or insufficient vaccination of
animals. In 8 samples, the results were
positive for both IgG and IgM to Brucella,
which may indicate reinfection with bru-
cellosis in these patients at the time of
testing.

Thus, given the medical significance
of the studied zoonoses and based on
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the data obtained, it is possible to recom-
mend conducting more extensive studies
of the population in order to establish the
scale of the problem of combined infec-
tion "brucellosis + toxoplasmosis". The
results of such studies will help in con-
ducting campaigns to raise awareness
and prevention programs for individuals
at risk.

Conclusions.

1 Among those who applied to the
Center for the Control of Particularly Dan-
gerous Infections, 398 cases for diagno-
sis of brucellosis (12.4%) were initially
notified, and 2810 (87.6%) were chron-
ic. The majority of patients were male
(55.4%), and 58.8% of patients lived in
the capital or major cities, indicating a
significant proportion of the urban popu-
lation in the overall disease burden. The
average age of those who applied was
35.3+1.6 years for initially notified cases
and 32.3+1.4 years for chronic cases.

2 Combined seropositivity of 1gG
antibodies to Brucella and Toxoplasma
gondii was detected in 1.5% of all tested
samples.

3 Combined seropositivity of 19G
antibodies to Brucella and Toxoplasma
gondii is more common in rural residents
(63.4%) and can complicate the course
of the disease. This fact emphasizes the
need for further research into risk factors
and the introduction of comprehensive di-
agnostic approaches for the timely detec-
tion and treatment of such cases.

Limitations. This study could not
consider potential risk factors associated
with brucellosis and toxoplasmosis, such
as consumption of dairy products, con-
tact with animals, consumption of under-
cooked meat, exposure in the workplace,
source of drinking water, etc. It was also
not possible to study the epidemiolog-
ical history and establish a connection
with the clinical manifestations of the
described co-infection due to the limited
information provided in the standard re-
ferral form for laboratory testing.

The authors declare no conflict of in-
terest.
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M.V. Yakovleva, D.A. Matveeva, T.K. Davydova,
N.N. Syromyatnikov, L.V. Bekeneva

ANALYSIS OF MORTALITY AMONG
PATIENTS WITH COGNITIVE DISORDERS

The structure of mortality among patients with the established diagnosis of dementia was evaluated and analyzed who seek medical help at the
Yakut Republican Neuropsychiatric Dispensary for the period from 2019 to 2024. Totally 213 fatal cases were analyzed in patients with the diagnose
FOO - FO3. The average age of death in men diagnosed with dementia was 76.08 +8.73 years, and among women this indicator was 80.3+8.77
years. When analyzing the immediate cause of death in patients with dementia, cerebral edema was indicated in the first place (16.43%), other
specified forms of pulmonary heart failure were diagnosed in the second place on the death certificate (15.96%), and acute respiratory failure was
in the third place (15.49%). Among the initial causes of death, the most common cause of death was coronary heart disease (22.06%), pneumonia
of various origins (15.9%) was in second place, and diagnoses that were included in the category of brain damage (encephalopathy) were most of-
ten in third place, which amounted to 15.03%. Among the initial causes of death among patients with dementia, it is extremely rare to be diagnosed
with dementia (6.07%), which strongly affects mortality statistics.

Keywords: mortality, Alzheimer's disease, dementia, diagnosis
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Introduction: The problem of cog-
nitive disorders and dementias that de-
velop in the elderly and senile age, is
currently, the most urgent problem for
the entire world community. If we talk
about the most common form of de-
mentia in Alzheimer's disease, then its
prevalence is extremely high, so five
percent of people aged 65 to 74 years,
13.2% of people aged 75 to 84 years
and 33.4% of people aged 85 years and
older suffer from Alzheimer's disease.
Dementia is a multi-factorial syndrome
characterized by a significant cognitive
decline, which manifests itself in the
deterioration of memory, language, and
other abilities that prevent independence

[10]. B «koHUltimatelyntore, dementia
is fatal, although many people also die
n from other diseases before dementia
becomes fatal. Studies show that people
aged 65 and older survive an average of
four to eight years after being diagnosed
with Alzheimer's dementia, but some live
up to 20 years. Severe dementia often
causes complications such as immobili-
ty, difficulty swallowing and malnutrition,
which significantly increase the risk of
acute conditions that can lead to death.
One such condition is pneumonia (a lung
infection), which is the most commonly
identified direct cause of death in older
adults with Alzheimer's disease or other
types of dementia.



Compared with people with Alz-
heimer's disease, a diagnosis of any
non-Alzheimer's dementia was associ-
ated with a higher risk of all-cause mor-
tality, shorter survival time from diagno-
sis, and younger age at death, with the
highest risk of death in patients with Lewy
body dementia [9].

The variability of mortality rates was
determined by the number of samples,
the conditions of research and the differ-
ences in the time frame of the analyzed
periods. In the conditions of Russian real-
ity, the methodological equipment of this
kind of research suffers for various rea-
sons, primarily due to the lack of reliable
mortality rates for Alzheimer's disease
and other dementias in the official statis-
tics of causes of death [5, 8]. As shown
by domestic researchers in the field of
demography, mortality from Alzheimer's
disease in the Russian Federation in all
age groups is many times lower than in
foreign countries [1].

Materials and methods: The cases
of fatal outcome in patients who applied
to the Republic of Sakha (Yakutia) "Yakut
Republican Neuropsychiatric Dispensa-
ry", from December 2020 to April 2024
with a diagnosis of dementia (FOO - FO3)
were analyzed. Death certificates were
taken from the RT-MIS medical infor-
mation system. Statistical processing of
the study results was carried out using
the Statistica 6.0 program. The analy-
sis used Spearman's rank correlation
analysis, the Mann-Whitney and Kolm-
ogorov-Smirnov coefficients, and the
Student's t-coefficient. Differences were
considered statistically significant at a p
value of <0.05.

Results: A total of 213 cases of fatal
outcomes we reanalyzed in patients with
a diagnosis of FO0-FO03 who applied for
medical care in the Republic of Sakha
(Yakutia) "Yakut Republican Neuropsy-
chiatric Dispensary", from 2020 to 2024.
(including the month of April). In total,
during this period of time, 674 patients
with these diagnoses applied to the
polyclinic department of the Republic of
Sakha (Yakutia) "Yakut Republican Neu-
ropsychiatric Dispensary”, hence 31.6%,
that is, every third patient had died by
the time of the control section. The me-
dian age at death was 78, 78.65+8.73
years. There were 112 women (52.6%)
and 101 men (47.4%). Death occurred
in a medical institution in 122 cases
(57.3%), at home in 54 cases (25.3%),
the rest of the deaths occurred in social
service institutions (boarding houses),
mainly commercial, which accounted for
17.3% (37 cases). When analyzing the
nosological structure of dementia, vascu-

lar dementia was diagnosed most often
in deceased patients — 72 people, then
F02.8 (other mixed dementias) was di-
agnosed most often in 67 deaths, senile
dementia was diagnosed in third place in
frequency, which amounted to 62 cases,
and finally diagnoses such as dementia
in Alzheimer's disease, frontotemporal
dementia and dementia in Parkinson's
disease were exhibited in nine, two and
one cases, respectively (which account-
ed for a total of 5.6% of the total number
of cases). Residents of Yakutsk predom-
inated among the dead (92%). Of all the
deceased patients, only 15 people had
previously received inpatient treatment at
Republic of Sakha (Yakutia) "Yakut Re-
publican Neuropsychiatric Dispensary",
often this was the only hospitalization and
in only one clinical case of frontotemporal
dementia, the patient was hospitalized
more than 3 times in the psychiatric de-
partment of the dispensary. | would like to
note, that not a single fatal case occurred
in a round-the-clock psychiatric hospital,
all patients were in somatic departments
of various profiles (most of them in the
palliative care department). Severe psy-
chotic symptoms were detected only in
28 cases (13.1%), and were expressed
in recurrent visual hallucinations, gross
behavioral disorders, and pronounced
physical and verbal aggression. In most
cases, patients and their relatives sought
the advice of a psychiatrist to register a
disability group and an individual habili-
tation program (obtaining individual per-
sonal hygiene products, absorbent prod-
ucts), as well as to determine the type of
social service institution for the patient's
permanent stay. Subsequently, an autop-
sy was performed in 50.7% (108 people)
of fatal cases, the rest — 105 patients
(49.3%) were not subjected to patholog-
ical anatomical examination. Among the
patients who died in hospitals in 38 cases
(31.4%), that is, in every third case, an
autopsy was not performed. To analyze
directly the main causes of death in pa-
tients with dementia, it is necessary to
understand what the immediate cause
and the original cause of death are.
Thus, the immediate cause of death is
a morphological state of organ changes
that led to the development of irreversible
functional disorders and made it impos-
sible to continue human life as a single
living organism, when the initial cause is
a disease or injury that caused a chain
of events that directly led to death. When
analyzing death certificates, the immedi-
ate and initial cause of death were used
in the study. The immediate causes of
death are shown in table 1.

Initial causes of death were grouped
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by major ICD — 10 diagnoses and pre-
sented in table 2.

All patients were divided into 5 age
groups by age at the time of death (from
50-59 years; 60-69 years; 70-79 years;
80-89 years; older than 90 years). The
minimum age of death for a diagnosis
of dementia was 53 years, and the max-
imum age was 99 years. Thus, the first
group consisted of 9 people (4.2%), the
second age group — 31 people (14.5%),
the third group — 61 patients (28.7%), the
fourth — 78 patients (36.6%) and the fifth
— 34 people (15.9%) (see Diagram).

Spearman's  correlation  analysis
revealed significantn correlations be-
tween gender and age of death (r=-
0.238 p<0.05), as well as between such
signs as death in hospital and autopsy
(r=0.507 p<0.05). When comparing the
subgroups of traits between men and
women, a significant correlationwas
found between age and diagnosis in
the subgroup of women (Kolmagorov —
Smirnov test) p<0.05. No more-differenc-
es were found between the subgroups of
men and women.

Discussion of results: an Analyzing
the results obtained, first of all, it is nec-
essary to pay attention to the fact that
the average age at the time of death in
patients with an established diagnosis of
dementia c is 78.65+8.73. The average
age of death in men diagnosed with de-
mentia was 76.08 +8.73 years, among
women this indicator was 80.3+8.77*
years, that is, women diagnosed with de-
mentia died significantly more often at a
later age than men. This is due to gender
differences in life expectancy in the Rus-
sian Federation, which is also reflected in
life expectancy in patients with age-asso-
ciated pathologies.

The nosological structure showed,
that vascular dementia is most often di-
agnosed (33.8%), that is, in every third
patient. It should be noted, that almost
always the diagnosis of vascular demen-
tia is made in the presence of a history
of acute cerebral circulatory disorders,
while there are not always clear indica-
tions of a vascular catastrophe. The sec-
ond most frequent diagnosis was organic
dementia (31.4%), which was mainly
made in the absence of any significant
reasons for the development of cognitive
decline (for example, cerebral circulation
disorders, severe TBI, etc.). In essence,
this diagnosis does not reflect to any
extent the main nosological affiliation of
dementia, but rather is simply a kind of
"working" diagnosis, although in fact any
other nosological form of dementia may
be within the framework of this diagnosis.
It can also be mentioned that not all pa-
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Table 1

Immediate causes of death in patients with dementia

Direct cause olggénﬁt;irts %
G93. 6 Cerebral edema 35 16.43
127. 8 Other specified forms of pulmonary heart failure 34 15.96
J96. 0 Acute Respiratory failure 33 15.49
150. 0 Congestive Heart failure 20 9.38
150 Left Ventricular failure 10 4.69
R64 Cachexia 9 4.22
125. 1 atherosclerotic heart disease 7 3.28
167. 8 Other specified brain vascular lesions 6 2.8
150. 9 Unspecified heart failure 5 2.34
A41.9 Sepsis unspecified 4 1.87
124. 8 Other forms of acute coronary heart disease 4 1.87
142. 9 Cardiomyopathy unspecified 4 1.87
A41. 8 Other specified sepsis 3 1.4
J81 Pulmonary edema 3 1.4
R65.3 the Syndrome of systemic inflammatory non-infectious origin with organic disorders 3 1.4
J18.0 unspecified Bronchopneumonia 3 1.4
F01.8 Other vascular dementia 3 1.4
C80.9 Malignant neoplasm of unspecified 3 1.4
126.0 Pulmonary embolism with mention of acute pulmonary heart 2 0.93
125.5 Ischemic cardiomyopathy 2 0.93
F01.2 Subcortical vascular dementia 2 0.93
T71 Asphyxiation 1 0.46
148.0 Paroxysmal form of atrial fibrillation 1 0.46
T51.1 Toxic effect of methanol 1 0.46
R57.8 Other types of shock 1 0.46
T79.4 Traumatic shock 1 0.46
S06.5 Traumatic subdural hemorrhage 1 0.46
A16.2 TB lung without mention of bacteriological or histological confirmation 1 0.46
J85.1 Abscess of lung with pneumonia 1 0.46
K72.0 Acute and subacute hepatic failure 1 0.46
K72.1 Chronic liver failure 1 0.46
J96.1 Chronic respiratory failure 1 0.46
169.3 the Consequences of cerebral infarction 1 0.46
(G93.5 compression of the brain 1 0.46
161.8 Other cerebral hemorrhage 1 0.46
121.4 upper subendocardialnah Acute myocardial infarction 1 0.46
121.0 Acute transmural infarction of the anterior wall of the myocardium 1 0.46
146.9 heart failure unspecified 1 0.46
142.0 Dilated cardiomyopathy 1 0.46




Underlying causes of death in patients with dementia

Table 2

Initial cause of death KonnvecTBo O0JBHBIX %
1 25. Coronary heart disease 47 22.06
J12-18. Pneumonia 34 15.9
G 93. Brain damage 32 15.03
U 07. COVID- 19 19 8.9
160-69.Stroke 14 6.57
From 00-97. Neoplasms 9 4.22
F 01. Vascular dementia 9 4.2
121. Myocardial infarction 8 3.75
111. Hypertension 6 2.8
E 11. Type 2 diabetes mellitus 4 1.87
F 00. Alzheimer 4 1.87
J44. COPD 4 1.87
A15-19. Tuberculosis 3 1.4
L 89. Pressure sores 2 0.93
R 64. Cachexia 1 0.46
1 82. Thrombosis 1 0.46
T 95. Burn disease 1 0.46
D 69. Thrombocytopenic purpura 1 0.46
M 86. Osteomyelitis 1 0.46
G 00. Meningitis 1 0.46
[ 71. Aortic aneurysm 1 0.46
K 40 -46. Hernia 1 0.46
1 35. Aortic stenosis 1 0.46
K 85. Acute pancreatitis 1 0.46
J 09 -18. Influenza 1 0.46
N 30. Cystitis 1 0.46
K 74. Cirrhosis 1 0.46
K 56. Intestinal obstruction 1 0.46
T00-07. Injury 1 0.46
K 65. Peritonitis 1 0.46
F 10. Alcoholism 1 0.46
G 20. ParkaNson's disease 1 0.46
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tients undergo MRI diagnostics (accord-
ing to our data, only8.5% of patients had
a mention of passing or passed to a state
institution), but perhaps most patients
undergo MRI in commercial institutions.
The available MRI findings were quite
uninformative for differential diagnosis
of different types of dementia, and con-
tained only general conclusions about
neurodegeneration. In fact, in terms of
the frequency of occurrence of various
forms of dementia, dementia in Alzhei-
mer's disease should be in the first place,
when as in our study, its specific weight
was only 4.2% of the total number [ 2].
When analyzing the immediate cause
of death in patients with dementia, brain
edema was indicated in the first place
(16.43%), the second place in the death
certificate indicated the diagnosis of other
specified forms of pulmonary heart failure
(15.96%), and the third place was acute
respiratory failure (15.49%). Among the
initial causes of death, the most common
cause of death was ischemic heart dis-
ease (22.06%), followed by pneumonia
of various origins (15.9%), and the third
most common diagnosis was made un-
der the heading of brain damage (en-
cephalopathy), which was 15.03%. The
results obtained differ from the data of
other domestic researchers, which indi-
cate somatic diseases only in half of the
cases, and the remaining part falls on the
end stage of dementia [5]. In our study
withered of initial causes of death, only
13 cases were diagnosed with demen-
tia (4 cases of Alzheimer's disease and
9 cases of vascular dementia), which is
actually very small. In fact, the diagnosis
of dementia, namely dementia in Alzhei-
mer's disease and mixed forms (vascular
dementia + dementia in Alzheimer's dis-
ease) should be made much more often
at pathoanatomical sections, since only
in this case it is possible to conduct a
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histological examination of brain tissues
that confirms the diagnosis of Alzheimer's
disease. But again, the presence of a
pathoanatomical study without taking into
account the clinical picture (the presence
of a cognitive defect) is not a criterion
that determines the main diagnosis. In
vivo analysis of brain tissues is not per-
formed in Russia, and the only analysis
that verifies the diagnosis of Alzheimer's
disease, namely the analysis of spinal
fluid for biomarkers of neurodegenera-
tion (beta-amyloid and tau protein), is
laborious and practically inaccessible in
practical medicine [6, 7, 4]. Most likely,
the diagnoses included in the category
G93should have been encrypted on the
death certificate as end-stage of various
forms of dementia. The direct causes of
death in the framework of somatic pathol-
ogy obtained in our study generally do
not differ from the main causes of death
among the elderly population (cardiovas-
cular pathology is in the first place, and
pneumonia is in the second placen) [3].
Possibly a specific one the role is played
by the fact that in the RT —MIS informa-
tion system, the visit of a psychiatrist to
a neuropsychiatric dispensary is hidden
from doctors of other specialties, but all
updated diagnoses are usually reflected
for all medical institutions.

A certain contribution to the causes
of death of patients with dementia was
made by a new coronavirus infection, so
in the immediate causes of death, acute
respiratory failure was in third place, and
among the immediate causes of death,
a new coronavirus infection was indi-
cated in 19 cases (8.9%). Most likely,
there were more deaths from GonbLue,
notoMyNCVI, because the virus is not al-
ways tested positive. In such cases, the
primary cause of death was unspecified
or viral pneumonia.

Analyzing the causes of mortality in
patients with dementia, | would also like
to say that in fact, the diagnosis of de-
mentia in MS (l) has certain difficulties,
firstly in terms of territorial features (a
large territory with a low population den-
sity), and secondly, insufficient availability
of specialized medical care and primary
outpatient screening (lack of specialists
patients with cognitive disorders), as well

as low awareness of the population about
cognitive disorders, as well as the pos-
sibilities of modern pharmacotherapy. All
this ultimately leads to insufficient diag-
nosis of dementia mainly due to Alzhei-
mer's disease, which should make up the
largest share in the nosological structure.

Conclusions:

1. Among the initial causes of
death among patients with dementia, it
is extremely rare to be diagnosed with
dementia (6.07%), which strongly af-
fects mortality statistics, although ac-
cording to foreign data, Alzheimer's dis-
ease is one of the five main causes of
death in citizens over 65 years of age [9,
10]. Perhaps, in some cases, the end-
stage of dementia is indicated under
the ciphers that encode various types of
encephalopathies. Among the somatic
causes of death in patients with demen-
tia, diseases of the cardiovascular sys-
tem and various forms of pneumonia are
in the first place.

2. Low diagnosis of dementia in
Alzheimer'srdisease among cases of
severe cognitive decline. In general, the
diagnosis of dementia aspa syndical di-
agnosis in neurology and psychiatry does
not cause any difficulties, but differential
diagnosis is very difficult and requires a
comprehensive approach that takes into
account the results of instrumental re-
search methods, primarily magnetic res-
onance imaging, as well as the features
of the neurocognitive profile described by
a clinical psychologist.

The need for further research on the
course of dementia, including its out-
comes in MS (I), as well as the mainte-
nance of registers, is an important goal
for obtaining evidence-based statistical
indicators. These data should be tak-
en into account when providing various
types of medical and social care to de-
mentia patients and their families at all
stages of the disease.
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Introduction. Despite the declining overall suicide mortality rate in Yakutia, this issue remains acute in the Arctic zone onf the republic. Re-
search in this area should rely on primary medical documentation to develop effective suicide prevention programs.

Objective. To identify individuals at risk based on hospital documentation from the Arctic zone of Yakutia to improve regional suicide preven-
tion programs.

Materials and Methods. This study utilized materials from the Yakut Republican Medical Information-Analytical Center (YRMIAC) covering
2013-2023, 263 medical death certificates of suicide victims, and forensic examination documents provided by central district hospitals (CDHs) in
the Arctic zone of the Republic of Sakha (Yakutia) (AZ RS(Y)). Additional data on the number of children of the deceased and presumed causes
of suicide were also requested. Statistical analysis was conducted using IBM SPSS Statistics v.26.

Results and Discussion. An analysis of suicides in the Arctic Zone of Yakutia from 2013 to 2023 revealed significant factors such as al-
coholism, unemployment, and low education levels. Most suicide victims experienced depression or emotional crises, highlighting the need for
comprehensive prevention programs. Improving monitoring and data collection in medical institutions of the AZ RS(Y) is key to combating this
issue effectively. Recommendations include developing a regional suicidology registry and enhancing medical personnel training to work with

high-risk patients.

Conclusion. The primary cause of excessive suicide mortality in the Arctic is not ethnocultural but socio-economic factors. Addressing this
issue requires creating a suicidology registry and targeted prevention programs, which are crucial for improving the mental health of Yakutia’s

population.

Keywords: suicides, suicidal behavior, mortality, gender differences, suicide prevention, Yakutia, Arctic zone.
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Introduction. The issues of suicide
prevention remain topical all over the
world. According to WHO data, suicide
takes the lives of more than 700 thou-
sand people annually, and the average
global mortality rate (per 100 thousand of
us) as of 2019 was equal to 9.2. In the
world ranking of countries, the Russian
Federation ranked 9th with an indicator
of 25.1 [6]. The data on suicides among
men are even more tragic - the world av-
erage was at the level of 12.6, and for
the Russian Federation - 43.6 (6th place
in the world). At the same time, it should
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be noted that all over the world, including
Russia, including the Republic of Sakha
(Yakutia), the overall mortality rate from
suicides has a pronounced downward
trend. Thus, if in 2000-2001 in Yakutia it
was at the level of 39.4, then by 2023 it
has gradually decreased to 13.2.

However, it is important to realize that
for a long time a significant contribution
to regional suicide rates has been made
by the data obtained in the Arctic zone of
the Republic of Sakha (Yakutia), which
unites 13 uluses with a total population
of about 64 thousand people. Thus, from
2010 to 2023, this coefficient in the Arc-
tic Zone of the Republic of Sakha (Ya-
kutia) exceeded the national average by
an average of 2 times. Undoubtedly, this
problem has been covered in scientific
literature, but it should be recognized
that so far the research has been based
solely on the data of state statistics [2,
3]. In this regard, the aim of the work
is to identify possible suicides from the
risk group based on the data of prima-
ry documentation of hospitals of the
RS(Ya). The obtained data will be used
to improve suicide prevention programs
in the region.

Materials and methods of research:
The materials of the Yakutsk Republican
Medical Information and Analytical Cen-
ter (YARMIAC) for 2013-2023, as well as
data from 263 medical certificates of sui-

cide deaths and related documents of fo-
rensic medical examinations (RME) pro-
vided by central district hospitals (CDH)
of AZ RS(Ya) were used. In addition, in-
formation on the number of suicidal chil-
dren and the presumed cause of suicide
was also requested. Statistical analysis
was conducted using IBM SPSS Statis-
tics v.26.

Results and Discussion. From 2013
to 2023, there were a total of 335 suicides
in the Yakut Arctic, of which we were able
to obtain more detailed information on
263 cases (78.5%). The absence of in-
formation on some suicides is explained
by 2 reasons. Firstly, some of them ac-
tually lived outside their district, so their
postmortem epicrises were not received
by the Arctic CDCs (for a similar reason,
the data received from some ulus CDCs,
e.g. Verkhnekolymsk CDC, shows that
the number of suicides exceeds the data
indicated in the YARMIAC data). Second,
in some CDCs, documentation is ex-
tremely poor. For example, in Anabarsky
ulus, with a population of only 3.5 thou-
sand people, 38 suicides were committed
in 11 years, that is, in some years (e.g.,
2014-2015) the standardized mortality
rate from the considered cause reached
265 people/100 thousand people. Never-
theless, the data on only 2 cases were
preserved in the specified CRB (table 1).
In spite of the presence of a full-time psy-
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chiatrist-drug addict, cases of suicides
are insufficiently recorded in the CRBs of
Bulunskiy ulus. By the way, 32 cases of
suicides were recorded in this ulus from
2010 to 2012.

In general, the share of suicides com-
mitted in the Yakut Arctic from the total
number of suicides in the region averag-
es 12.4%. Considering that no more than
6.4% of Yakutia's population currently
lives in this territory, such figures are
alarming. Of the 263 cases, 138 (52.5%)
occurred in the provinces, 111 (42.2%) -
in ulus centers, in 14 cases information
about the place of death was not spec-
ified.

A significant part of the deceased was
represented by men (n = 201 or 76.4%).
Nevertheless, the gender ratio was 3.2 :
1, whereas in most regions of the Rus-
sian Federation the proportion of men is
4-5 or more times higher [5]. At the same
time, the overwhelming majority of men
were people of working age - the total
share of people from 18 to 59 years of
age amounted to 82.1%. A similar picture
is also observed in the female sex, but
the share of girls is significantly higher
than in boys (table 2).

The distribution by ethnicity is as
follows: Sakha - 171 people or 65.0%,
representatives of indigenous minori-
ties - 57 people or 21.7% (including 34
Evenks, 20 Evens, 2 Chukchi, 1 Yuka-
gir), representatives of non-indigenous
ethnicity, mainly Russians - 33 people or
12.5%, nationality was not specified in 2
people (0.8%). A positive strong correla-
tion (r =0.81, p = 0.001) was established
between the share of non-indigenous
population living in the uluses and the
share of the latter among suicides (Fig-
ure). For example, in Verkhnekolymsky
ulus, where 55% of non-indigenous peo-
ple live, 15 suicides were recorded, 8 of
which, or 60%, were committed by Rus-
sians. In other words, socio-economic
factors, rather than ethno-cultural com-
ponent, play a greater role in the forma-
tion of this indicator in the AZ of RS(Ya),
which was previously noted in the works
of N.B. Semenova [7, 8].

Table 3 shows that the majority of
suicides had secondary general or sec-
ondary vocational education, while only
4.6% had higher education. This fact
once again confirms that a high educa-
tional level is associated with a more fa-
vorable socio-economic position of a per-
son in society and, as a consequence, is
to a certain extent a protective factor of
suicide risk. Therefore, it is not surpris-
ing that 1/3 of suicides (80 people) were
unemployed. There were 33 pensioners
(12.5%), employees of various budget-

ary institutions - 106 people (40.3%),
schoolchildren and students - 25 people
(9.5%).

We also found that among suicides
the share of married persons amounted
to 32.3%, and those who had children,
including minors - 25.1%. Thus, 44.7%
(21 persons) of fathers and 45.0% (9 per-
sons) of mothers were under 35 years of
age. Out of the total number of mothers,
5 women had two children each, and 7
women had many children, i.e. from 3
to 7 children. The share of widowed and

divorced men and women was insignifi-
cant.

The research has revealed in the
Yakut Arctic the majority (76.2%) of
suicide victims chose self-hanging (table
4). In second place is self-shooting, oc-
cupying up to 18.4% of the total structure
of suicide methods. Undoubtedly, such
a high rate is associated with the avail-
ability of firearms among the residents of
the Far North. For comparison, in other
regions of the Russian Federation, death
by self-shooting was chosen by no more

Table 1

Dynamics of completed suicides in AZ RS(Ya) and mortality rates
per 100 thousand inhabitants

years O
58
istri o < v Ne) o~ ) o =) — I on Eg gg
8
Abyisky 2021|611 ]O0O]O}|2]|1]3]|19]19
Allaihovsky 2 3 1 1 2 0 1 2 1 0 1 14 | 14
Anabarsky 319191402243 ]01]2]38]2
Bulunsky 306 |3 (322053 ]|4]3]|34]19
Verkhnekolymsky 1 r|{2|1jo0| 10|00 1]2]9]]15
Verkhoyansky 715 6 | 5169|573 1 1 | 55145
Zhigansky 1|21 I (21032 1|0]|3/|16]|19
Momsky o2 |14 |21 |O0]1|1]2]0]14]10
Nizhnekolymsky 210 1 1 1 01033 ]2]3]|16]10
Olenyoksky 4131010 4]20]2]2 1 0| 18| 18
Srednekolymsky 6 | 2 6 7 8 7 8 6 5 1 4 | 60| 61
Ust-Yansky 4 1 4 3 2 1 3 2 0 3 023124
Ev.-Bytantaysky 11| 30|41 32|30} 1]19]7
Igtﬁlsf%‘)“zs 36 (3738|3634 |27 25|36 27] 16| 23 335|263
prare OFAZRS(YA)N 105 11.2] 11.4{12.4]12.7|11.7|113{ 18.0[ 13.8] 9.7 [17.4] 124 -
AZ RS(Ya) 51.2{53.5|55.3|52.5/149.839.8(36.9|53.2/40.0|24.9|35.8|51.2| -
RS(I) 35.8(34.5|34.7|30.2|127.7|23.9({22.9{20.519.8| 16.5] 13.2| 35.8| -
Age and gender structure of suicides
Gender Age category
Gender 12-17 18-44 45-59 60-74 75-90 total
n % n % n % n % n % n %
Men 11 | 55 (133 ]66.2| 32 | 159 20 [10.0| 5 | 2.4 | 201 | 100
Women 8 |129] 40 |645| 7 |113| 5 [ 81| 2 |32 | 62 | 100
Both sexes 19 | 72 | 173 |65.8| 39 |148| 25 | 95 | 7 | 2.7 263|100
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than 7.8% of men [9]. In women, self-cut-
ting (9.7%) and poisoning (8.1%) rank
second.

The study of suicide seasonality has
long been of interest to researchers.
Thus, more than a century ago, the clas-
sic of Western sociology Emile Durkheim
noticed that «in spring people take their
own lives more often than in fall» [4].
Some Russian researchers came to sim-
ilar conclusions later [1, 10, 11]. In our
data we obtained a similar pattern - from
March to May there is an increase in sui-
cides, which can be associated with a
sharp contrast between the state of inter-
nal confusion of the suicidal person and
the increase in social activity of people
at this time (tab. 5). In our opinion, the
decrease in the number of fall suicides is
influenced by preparatory work for win-
tering and the beginning of hunting sea-
son, and some.

The study of suicide seasonality has
long been of interest to researchers.
Thus, more than a century ago, Emile
Durkheim, a classic of Western sociol-
ogy, noted that «people take their own
lives more often in spring than in fall»
[4]. Some Russian researchers came to
similar conclusions later [1, 10, 11]. In
our data we obtained a similar pattern -
from March to May there is an increase in
suicides, which can be associated with a
sharp contrast between the state of inter-
nal confusion of the suicidal person and
the increase in social activity of people at
this time (table 5). In our opinion, the de-
crease in the number of autumn suicides
is influenced by preparatory work for
wintering and the beginning of the hunt-
ing season, and some rise in December
and January is presumably associated
with alcohol consumption during the New
Year holidays.

Studies examining the association of
suicide with the day of the week are high-
ly inconsistent. For example, A.J. Kposo-
wa et al. [13], based on the analysis of
more than 20 thousand cases of suicide,
found that the highest risk is on Wednes-
day (24.6%), L. Bradvik [12] named Sun-
day as such a day (31%), M. Pléderl [14]
showed that the risk of suicide is higher at
the beginning of the week and decreases
by the weekend. No pronounced pattern
was found in our study. The time of death
was indicated in 131 cases (49.8 %), of
which 39 cases occurred from 6 : 00 to 12
100,47 -from 12 : 00 to 18 : 00, 26 - from
18 :00to0 00 : 00, 19 -from00: 00 to 6 :
00. Thus, the majority of suicides occur in
the morning and afternoon.

Itis well known that the majority of sui-
cides are related to the use of psychoac-
tive substances, but in a significant part

60 -

50 60

£ =081, p=0.001 % 0
) L g0

453
[ ] L s0

[ percentage of non-indi genous popul ati on

—8—percentage of non-indi genous people among sweide vicims

Proportion of non-indigenous population living in uluses and their share among suicides

Table 3

Some indicators of the social status of suicides

Indicator Men Women Both sexes
n | % n | % n | %
Education
higher education 7 35 5 8.1 12 | 46
secondary vocational 36 | 179 | 15 | 242 | 51 | 194
secondary general 125 | 622 | 29 | 46.8 | 154 | 58.6
basic general 1 0.5 1 1.6 2 0.8
school students 11 5.5 8 129 | 19 7.2
no data 21 | 104 4 6.5 25 9.5
Occupation
employees of budgetary institutions 88 | 43.8 | 18 | 29.0| 106 | 40.3
pensioners 25 | 124 | 8 129 | 33 | 125
unemployed 63 | 313 | 17 [ 274 | 80 | 304
individual entrepreneurs 2 1.0 - 0.0 2 0.8
school pupils and students 14 | 7.0 11 | 177 | 25 9.5
no data 9 4.5 8 129 17 6.5
Marital status
married 71 | 353 | 14 | 226| 85 | 323
divorced 3 1.5 2 32 5 1.9
single 112 | 55.7 | 36 | 58.1 | 148 | 56.3
widows/widowers 2 1.0 1 1.6 3 1.1
no data 13 | 65 145 | 22 | 84
Presence of children

available 46 | 229 | 20 | 323 | 66 | 25.1
not available 77 | 383 | 24 | 387 | 101 | 384
no data 78 | 388 18 [29.0| 96 | 36.5

of the deceased (42.9%, or 113 people),
the results of blood alcohol concentration
tests in the were not indicated in the doc-
uments. Alcohol intoxication at the time of
death was documented in 74 cases (in-
cluding 56 men and 18 women), the ab-
sence of alcohol influence was proved in
76 cases (including 51 men and 25 wom-

en). On the question about the supposed
reason of suicide the answers were re-
ceived for 83 people, from which in 43
cases (51,8 %) death was connected
with the long-term depressive state of the
suicidal person, 25 (30, 2 %) - with family
quarrels (mainly against the background
of alcohol abuse), 10 (12.0 %) - with se-
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Table 4

Structure of ways of committing suicide in AZ RS(Ya)

Method of suicide Men Women Both sexes
n % n % n %
Self-hanging 156 77.6 45 72.6 201 76.2
Poisoning 2 1.0 5 8.1 7 2.7
Jumping from height 1 0.5 3 4.8 4 1.5
Self-shooting 37 18.4 3 4.8 40 15.2
Self-cutting 4 2.0 6 9.7 10 3.8
Self-immolation 1 0.5 - - 1 0.4
Total 201 100 62 100 263 100

Table 5

Distribution of suicide cases by months and days of the week in AZ RS(Ya)

Month n % Day of week n %
January 28 10.7 | Monday 40 15.7
February 16 6.1 Tuesday 39 15.3
March 23 8.8 | Wednesday 34 13.3
April 31 11.9 | Thursday 27 10.6
May 31 11.9 |Friday 39 15.3
June 23 8.8 Saturday 39 15.3
July 25 9.6 | Sunday 37 14.5
August 23 8.8
September 10 3.8
October 17 6.5
November 13 5.0
December 21 8.0

Note: 2 cases were missing in the data by month, 8 cases were missing by day of the week.

rious illness (mainly cancer), 4 (4.8 %) -
with a difficult life situation (death of close
relatives, friends), 1 (1.2 %) - with schizo-
phrenia.

Conclusion: Suicidal behavior of res-
idents of the Arctic zone of Yakutia re-
quires special attention. But, unfortunate-
ly, in small societies the work to identify
potential suicides, which should be con-
sidered all alcohol-dependent citizens or
people with mental disorders, is not done
properly for a number of reasons. For ex-
ample, there is an acute shortage of ex-
aminations of the population by psychi-
atrists and narcologists, which is clearly
evident from the data of state statistics,
according to which the primary incidence
of mental disorders in the AZ RS(Ya) for
the last two decades is 3-4 times lower
than in the Russian Federation on aver-
age. Preventive work is weak, and doc-
uments on committed suicides are often

filled in poorly. Therefore, it is necessary
to create a regional suidologic register
and increase the level of training of medi-
cal staff to work with patients at risk.
Based on the collected material, we
can assert that the root cause of sui-
cide mortality in the AZ RS(Ya) should
be considered a socio-economic factor
rather than an ethno-cultural one. The
main risk group includes single young
childless men of working age with sec-
ondary general or secondary vocational
education, alcohol abusers, often unem-
ployed or employed in various budgetary
organizations. But at the same time the
presence of a person's family and chil-
dren, including minors, is not a guarantee
that he will refuse a rash act - every third
suicide victim was married, every fourth -
had children. That is, it is obvious that the
problem of suicides has a complex char-
acter, for the solution of which, first of all,

it is necessary to develop effective pre-
vention programs, the basis of which is
formed by the data of scientific research
of both medical-biological and socio-eco-
nomic directions.
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FEATURES OF THE IMMUNE STATUS

IN PRACTICALLY HEALTHY

AND CANCER-AFFECTED RESIDENTS

OF THE EUROPEAN NORTH WITH A HIGH
CONTENT OF DOPAMINE IN PERIPHERAL

VENOUS BLOOD

The study was conducted of 65 practically healthy people and 122 people suffering from oncological pathology of the gastrointestinal tract of

various localization to study the immune status of practically healthy and oncological residents of the European region with an increased content
of dopamine in peripheral venous blood. Thus, for the first time, it was established that the state of the immune status of residents of the European
North with an increased content of dopamine in peripheral venous blood, in accordance with the state of health umeer, has significant deviations
in people suffering from oncological pathology compared to practically healthy residents of the territories of the European North. Thus, the aver-
age dopamine content in practically healthy people and in people suffering from cancer pathology, is 33.1+3.93 and 133.66+8, respectively, ythe
frequency of recording elevated dopamine concentrations in practically healthy people and in people suffering from cancer pathology is 7.69+0.23
% and 59.84+0.63 %, respectively. The average blood levels of transferrin and IgE in people suffering from oncological pathology are higher
than in practically healthy people (119.89+35.77 and 53.3447.21, respectively). The increase in the average content of other parameters studied
was insignificant. The frequency of elevated concentrations of other immunological parameters was established, which was significantly higher
in patients with oncological pathology. Thus, the appearance of immune responses is established, i.e. the interaction of the immune system with
the tumor, which represents a balance between the processes of immune activation and immune suppression and violation of the mechanisms
of regulation of components of the immune system that occur in people with malignant tumors.
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A survey of 65 practically healthy peo-
ple and 122 people suffering from onco-
logical pathology of the gastrointestinal
tract of various localization was conduct-
ed to study the immune status of practi-
cally healthy and oncological residents of
the European North with elevated dopa-
mine levels in peripheral venous blood.
Thus, for the first time, it was established
that the state of immune status in resi-
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dents of the European North with an in-
creased dopamine content in peripheral
venous blood, in accordance with the
state of health, has significant devia-
tions in people suffering from oncologi-
cal pathology compared with practically
healthy residents of the European North.
Thus, the average dopamine content in
practically healthy people and in people
suffering from oncological pathology is
33.1+£3.93 and 133.6618, respectively,
the frequency of increased dopamine
concentrations in practically healthy
people and in people suffering from on-
cological pathology is 7.69+0.23% and
59.84+0.63%, respectively. The average
blood transferrin and IgE levels in people
suffering from cancer are higher than in
practically healthy people (119.89+35.77
and 53.34+7.21, respectively). The in-

crease in the average content of the oth-
er parameters studied was insignificant.
The frequency of elevated concentra-
tions of other immunological parameters
was established, which was significantly
higher in patients with oncological pathol-
ogy. Thus, the appearance of immune
reactions has been established, i.e. the
interaction of the immune system with the
tumor, representing a balance between
the processes of immune activation and
immune suppression and a violation of
the mechanisms of regulation of the com-
ponents of the immune system that occur
in people with malignant tumors.
Introduction. Dopamine is interesting
from the point of view of science because
it performs various functions in the hu-
man body. It not only helps to think, move,
form feelings, and make choices, but also
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contributes to the development of certain
diseases. It is possible that dopamine af-
fects the metabolism of cancer cells and
promotes their progression and growth,
and blocking dopamine receptors signifi-
cantly slows down the growth of tumor
formations. Researchers at Vanderbilt
University Medical Center have identified
the effects of dopamine on breast cancer
growth. Studies conducted in mice have
shown that inhibition of specific receptors
contributes to the suppression of tumor
development. This discovery opens up
new opportunities for the development
and implementation of effective cancer
treatment methods. In some areas of sci-
ence, dopamine is not well understood.
It was necessary to find out whether the
production of "stress dopamine" or any
other factors that increase and acceler-
ate the development of the disease, how
they affect and change other immunolog-
ical parameters of the blood, npegctosno
BbISCHUTB. It was of considerable interest
to study elevated dopamine concentra-
tions and compare them with immune
responses in practically healthy and on-
cological patients of the European com-
munity with elevated dopamine content
in peripheral venous blood. There is a
well-known fact that in malignant neo-
plasms there is a violation of the immune
defense.

Dopamine is a hormone and neu-
rotransmitter, that cis synthesized from
L-DOPA. This hormone is produced in
the neurons of the brain located in the
middle and medulla oblongata and is
involved in the transmission of nerve im-
pulses between cells. The dopaminergic
system has a clear zonal distribution of
dopamine neurons. Dopamine synthe-
sized outside the central nervous system
(adrenal glands, kidneys, and intestines)
is not involved in the transmission of
nerve impulses, but is involved in the reg-
ulation of the cardiovascular and other
body systems. Up to 90% of dopamine is
secreted in the gut [12,1-6]. Acting on the
peristalsis of the ventricle and intestines,
slows it down. It plays a significant role in
the work of the pancreas, because it re-
duces the production of insulin by its cells
(islets of Langerhans), kidneys, thereby
accelerating the excretion of sodium and
urine. Dopamine is involved in regulating
the activity of the immune system and
has a significant effect on the function
of immune cells (reduces the activity of
lymphocytes). Many immune cells ex-
press dopamine receptors that are bound
to dopamine and this allows them to ac-
tively respond to dopamine and suggests
that dopaminergic immune regulation
is an important part of normal immune

function. The dopamine concentration
that immune system cells are exposed
to in various anatomical regions is not
yet clear [14]. So, Gliterally, dopamine,
as a key neurotransmitter , plays a huge
role in the work of many body systems
and a key role in a number of diseases,
including cancer. All this suggests that
dopamine plays an important role in the
immune system.

The aim of the study is to study the
features of the immune status in practi-
cally healthy and oncological residents
of the European Region with a high con-
tent of dopamine in peripheral venous
blood.

Materials and methods. An immu-
nological examination of 65 practically
healthy people living in the city of Arkhan-
gelsk, who at the time of the examination
had no history of acute and chronic pa-
thology, was performed. As a comparison
group, we took 122 people with a history
of oncological pathology of the gastroin-
testinal tract of various localization. The
age of the surveyed people was 41-70
years. The examination was carried out
by a doctor in the medical company Bi-
olam, Arkhangelsk. We have studied and
analyzed the material carried out by em-
ployees of the laboratories of the Institute
of Physiology of Natural Adaptations UB
of the N. P. Laverov Federal State Bud-
getary Institution of the Russian Acade-
my of Sciences of the Ural Branch of the
Russian Academy of Sciences for sever-
al years. The study was conducted in ac-
cordance with the provisions of the Hel-
sinki Declaration and was approved by
the Ethics Committee of the N. P. Laverov
Federal Research Center for Integrated
Arctic Studies of the Ural Branch of the
Russian Academy of Sciences (Protocol
No. 5 of 27.11.2020). The survey was
conducted with the written consent of re-
spondents.

Blood sampling for the study was per-
formed in the morning hours (8-10), on an
empty stomach. Blood serum was sepa-
rated from the formed elements (erythro-
cytes) by centrifugation (separation of the
liquid part of blood from cells in order to
prepare the biomaterial for subsequent
analysis).

The complex of immunological re-
search included the study of hemograms
in blood smears stained by the Roma-
novsky-Giemse method. The concen-
trations of dopamine in the blood serum
were studied by an enzyme-linked immu-
nosorbent assay (IBL Hamburg, Germa-
ny). The level of cytotoxic lymphocytes
(CD4+), transferrin (Bender MedSys-
tems, Germany), immunoglobulin E (IgE)
was evaluated using the test-kit ‘Bio-

sourse’ (USA), circulating immune com-
plex (CIC) using the test kit of the chem-
ical company Reakompleks (Chita). The
content of antibodies to double-stranded
DNA (anti-dsDNA), ribonucleoprotein-
(anti-RNP) (Bio-Rad, USA) was stud-
ied using Multiscan MS (Labsystems,-
Finland) and Evolis (USA) analyzers and
antibodies to phospholipids (IgM, IgG)
using diagnostics of their production kits
‘Biosourse’ (USA).

Statistical analysis of the research re-
sults was carried out using the application
software package "Microsoft Excel 2010"
and "Statistica 7.0" (StatSoft, USA). The
boundaries of the normal distribution of
indicators were determined. The data
distribution was compared with normal
values using the Shapiro-Wilk test. The
distributions of the results turned out to
be similar to the normal one, so for de-
scribing the data the average arithmetic
mean (M) and standard error of the mean
(m) were calculated. Quantitative values
between groups were compared using
the Student's t-test. The differences were
considered statistically significant at the
significance level of the t-test p< 0.05-
0.001.

Results and discussion. Changes
in immunological parameters and the
state of the immune status were found
both in practically healthy people and in
people suffering from oncological pathol-
ogy of the gastrointestinal tract of vari-
ous localization. Namely, an increase in
the average blood content of dopamine,
and immunoglobulin E and transferrin,
both in practically healthy people and in
people suffering from cancer (Table 1).
Neurotransmitters are involved in many
physiological and pathophysiological
functions of the body, in the formation
of the immune system, antimetastatic
and antitumor resistance of the body. It
is known from the literature that an im-
balance in the system of excitatory and
inhibitory neuro-transmitters affects the
development and progression of malig-
nant tumors [11]. Neurotransmitters can
act as powerful regulators of many cell
functions in the production of growth fac-
tors and factors that promote metastasis.
They also modulate proliferation, migra-
tion, and the formation and development
of new vessels in tumors, and, accord-
ingly, their involvement in the formation
and progression of oncological diseases
cannot be excluded [15]. The average
content of other immunological markers
slightly exceeded the physiological lim-
its. Immunoglobulin E (IgE) belongs to a
class of immunoglobulins that are found
in blood and in small amounts, but one of
the most important factors of the immune
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Table 1

Average content of both dopamine and immunological parameters in peripheral venous blood in practically healthy
and cancer-affected residents of the European North with a high content of dopamine in peripheral venous blood, (M=£m)

Stud Average content - Avelrage_ (I:lontentl ical
parameilers in practically lg\:zi:rl% people, n=65, pailtjhlonl é’g}’l(’) Ftﬁvétga:g%?nﬁgég?lal Physiological limits
tract, n=122, (M+m)

Dopamine, pg/ ml 33.1+£3.93 133.66+8.2%*** >30 rr/mi
gYDtgf’;‘ﬁ Jympocytes CD3* 0.39+0.02 0.440.03* 0.2-0.4
Transferrin, g /1 3.09+0.17 5.06+0.15%* 1.5-3.5
Immunoglobulin E (IgE), w/ml 53.34+7.21 119.89435. 77+ <100
CEC, g/1 2.97+0.64 4.03+0.38* <2.0
Anti-dsDNA , v/ ml 53.95+7.47 68.0+£13.66* <50.0
Anti-RNP, u/ml 0.83+0.1 1.13+0.1%* <1.0
Antiphospholipids IgM, w/ ml 4.18+0.59 5.9140.57* <10.0
Antiphospholipids IgG, u/ml 6.54+1.25 7.16+0.9% <10.0

Note: n is the number of people surveyed, ***p<0.001, **p<0.01, *p<0.05.

system. It reacts first to the penetration of
a foreign antigen into the body and caus-
es the development of an allergic reac-
tion (type I). It also participates in the re-
sponse to infection with parasites and at
the same time directly interacts with the
pathogen's antigens. In oncological dis-
eases, the content of reagins increases.
Itis possible that the immune response to
the complex of tumor antigens is accom-
panied by an antibody formation reaction
with an increase in the m content of se-
rum immunoglobulins and IgE, including

[2]. Transferrin is a plasma protein that
transports iron ions. Participates in the
provision of innate immunity. It is known
that in iron-deficient anemia, the level of
transferrin in the blood increases [11-3].
The development of anemia is typical for
patients with cancer [5]. Anemia occurs
in 40-60 % of patients with malignant
tumors of various localizations. The de-
crease in hemoglobin levels in cancer
patients may be due to both the use of
various methods of chemotherapy and
radiation therapy, which have an over-

whelming effect on hematopoiesis, and
iron deficiency, which can be observed in
chronic blood loss, reduced iron absorp-
tion and suppression of the process of
red blood cell formation, which is typical
for cancer patients. [6]. Iron deficiency
occurs with blood loss, and transferrin
transports iron ions in the body. Thus, the
level of transferrin may be elevated in the
blood.

The frequency of registration of ele-
vated concentrations of cytotoxic lym-
phocytes, transferrin, immunoglobulin E,

Table 2

Frequency of registration of elevated dopamine concentrations and immunological parameters
in peripheral venous blood in practically healthy and cancer-affected residents of the European North with a high content

of dopamine in peripheral venous blood. %

. Frequency of registration of of 61652?23 ecrcl)cnycgtftrrfl%isgsa ﬁlogeople cagical T
Parameters studied elevatedsclﬁal}ggltlst.rerli%%s (;(1)1 healthy with cancer pathology of the gastro- intestinal Physiological limits
tract. n=122 %

Dopamine. PG/ml 7.69+0.23 59.84+0.63*** >30 mr/min
Cytotoxic lymphocytes CD3* 23.08£0.39 90.77:0.78*** 0.2:0.4
Transferrin. g/l 16.92+0.34 58.46+0.62%*** 1.5-3.5
Immunogobulin E (IgE). IU/ml 9.23+0.25 41.54+0.53*** <100
CEC. g/l 15.39+0.32 96.9240. 8% <2.0
Anti-dsDNA. IU/ml 12.31+0.29 58.46+0.62%** <50.0
Anti-RNP. [U/ml 1.54+0.1 49.23+0.57%** <1.0
Antiphospholipid IgM. u/ml 4.62+0.18 12.31+0.29%** <10.0
Antiphospholipid IgG. TU/ml 9.23+0.25 18.46+0.35%** <10.0
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circulating immune complexes, anti-dsD-
NA, anti-RNP, and autoantibodies to
phospholipids was revealed depending
on the increased content of dopamine
in peripheral venous blood in practically
healthy people and in people with ma-
lignant neoplasms of the gastrointesti-
nal tract of various localization (Table 2).
The obtained data were compared with
the physiological limits. An increase in
the frequency of registration of cytotox-
ic lymphocytes, transferrin, circulating
immune complexes and anti-RNP in
peripheral blood was found in practical-
ly healthy people. The content of other
immunological parameters was slightly
increased, but did not exceed the limits
of the physiological norm. People suffer-
ing from cancer have a high frequency of
elevated concentrations of all the studied
parameters.

An increase in the concentration of cy-
totoxic lymphocytes can be observed in
viral and bacterial infections, as well as
during recovery from a severe infectious
disease. But, in addition, an increased
content of cytotoxic lymphocytes can
also be observed in oncological patholo-
gy. Reactions to the antigen, in the form
of graft rejection, cell-mediated cytotox-
icity, as well as autoantigens and tumor,
include lymphoproliferation and, as a re-
sult, an increase in the content of activat-
ed lymphocytes (CD25+, CD71+, HLA),
NK (CD16+, CD56+), Th (CD4CD4+) and
cytotoxic suppressors ((CD8+) [3]. T-cy-
totoxic lymphocytes cause lysis of tumor
cells and spontaneous tumor breakdown.
However, there is an opinion that these
cells themselves are not related to the
tumor cytotoxicity reactions; on the con-
trary, they are able to block activated spe-
cific cytotoxic T cells [11-0].

Circulating immune complexes (CICS)
are compounds that are formed when an-
tibodies meet antigens in the blood. Their
role is to bind and neutralize foreign an-
tigens and then eliminate them from the
body. High concentrations of circulating
immune complexes can be observed in
practically healthy people [1]. An increase
in CEC is also characteristic of autoim-
mune, infectious diseases and allergic
reactions of type Ill. An increase in circu-
lating immune complexes is also charac-
teristic of oncological pathology [7]. The
content of circulating immune complexes
in the blood serum is constantly under the
control of phagocytosis of blood mononu-
clears, and when the formation of CIC is
out of control of phagocytes, respectively,
an increase in the content of CIC is ob-
served in the blood serum and this gives
them toxic properties [8]. It is known from
literature sources that a high frequency of

phagocyte activity is recorded in oncolog-
ical diseases [4].

It is known, that autoantibody concen-
trations are directly related to the activity
of inflammation and are most pronounced
in case of systemic complications [9].
Nearly always extremely high levels of
autoantibodies, especially to dsDNA are
detected in malignant neoplasms. It is
possible that the main effect and purpose
of increased concentrations of antibod-
ies to nucleoproteins is to destroy tumor
cells, since on proliferating cells the con-
centrations of various receptor structures
that can bind antibodies to autoantigens,
are much higher.

Phospholipid antibodies are proteins
that the body produces in response to
phospholipid antigens present in cells. It
is possible that in the development of a
number of diseases, antibodies to phos-
pholipids IgM and IgG affect the appear-
ance and development of certain diseas-
es. The relatively high level of elevated
concentrations of antiphospholipids IgM
and IgG attracts attention, and it is pos-
sible that this process is somewhat more
important in oncological pathology, since
the most often detected increase in anti-
bodies to antigens in other pathological
conditions.

Conclusion. The state of the im-
mune status of residents of the European
North with a high content of dopamine
in peripheral venous blood has signif-
icant deviations in people, with onco-
logical pathology of the gastrointestinal
tract of various localization, compared
with practically healthy residents of the
territories of the European North. Thus,
the average dopamine content in practi-
cally healthy people and in people with
oncological pathology, is 33.1+3.93 and
133.6618, respectively; the frequency of
registration of elevated dopamine con-
centrations in practically healthy people
and in people with oncological pathol-
ogy, is 7.69+0.23 % and 59.84+0.63 %,
respectively. The average blood levels
of transferrin and IgE in people with can-
cer are higher than in practically healthy
people (119.89+35.77 and 53.34+7.21,
respectively). The increase in the aver-
age content of other parameters stud-
ied was insignificant. The frequency of
elevated concentrations of other immu-
nological parameters was established,
which was significantly higher in patients
with oncological pathology. Thus, the ap-
pearance of immune responses, i.e., the
interaction of the immune system with
the tumor, which is a balance between
the processes of immune activation and
immune suppression, and a violation of
the mechanisms of regulation of immune

system components that occur in people
with malignant tumors, is established.
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RADIAL SCAR OF THE BREAST AS A MASK
OF MALIGNANT NEOPLASMS

In order to study the radial scar as a mask of malignancy, a literature review was conduct-ed. It was found that the difficulty in diagnosing the
radial scar is due to its morphological simi-larity to a malignancy and associated intraductal epithelial proliferations. To exclude a malignan-cy and
intraductal proliferations, immunohistochemical visualization of the intact myoepithelial cell layer is used, as well as cellular heterogeneity of intra-
ductal proliferations using markers such as p63, basal cytokeratins, smooth muscle actin, basal cytokeratins, and estrogen receptor. It was found
that in the case of a combination of a radial scar with atypia or other high-risk lesions of the mammary gland, the likelihood of its transformation into
malignant lesions of the mammary gland increases.
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Radial scar is part of a group of breast
lesions [16] with uncertain malignant be-
havior [3], also known as high-risk or B3
lesions [9] with a borderline to variable
histologic spectrum, risk of associated
malignancy [7, 9, 15] and account for 5
to 12% of initial biopsy findings [27, 28].
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The most commonly used classifica-
tion of breast lesions worldwide is the
B-classification [28, 29], which was intro-
duced in 1999 by a collaborative group
of 23 European pathologists for the as-
sessment of breast needle biopsy find-
ings [14].

At the 3rd International Consensus
Conference in 2022, six most relevant B3
lesions were discussed - benign but of
uncertain biological potential [7], atypical
ductal hyperplasia, squamous epithelial
atypia, classic lobular neoplasia, radi-
al scar, papillary lesions without atypia,
and phyllodes tumors [29]. This group of
breast lesions is difficult to classify histo-
logically [3] and they are considered op-
tional precursors to malignancy [9, 30]. In
turn, the frequency of B3 lesions with a
total risk of malignant development varies
from 9.9% to 35.1% [7, 10, 14].

The main problem with B3 lesions
is the possibility of underestimation of
lesion malignancy [27, 33]. According
to the study by Chou R et al., [14], the
overall rate of transition to malignancy of
B3 lesions was 26.4%, which is consis-
tent with the data of other authors. Thus,
according to Richter-Ehrenstein C. et al.

[10], approximately a third of puncture bi-
opsies of breast lesions classified as B3
detected during screening are precancer-
ous or malignant after removal.

The diagnosis of a radial scar is prob-
lematic because of its morphological
resemblance to malignancy and com-
plicates differential diagnosis because
of its association with other proliferative
lesions.

Immunohistochemistry with visualiza-
tion of the intact myoepithelial cell layer
is of critical importance for differentiating
the radial scar from invasive carcinomas
and associated intraductal epithelial pro-
liferations [33].

The prognosis of malignancy of a ra-
dial scar depends on the presence or
absence of associated atypia. If atypia is
absent on histological analysis, the prob-
ability of malignancy increases with larg-
er lesions, the presence of calcifications,
and advanced age [16, 21, 25].

The purpose of the study: analysis of
publications devoted to the study of radial
breast scar as a mask of malignancy.

In this review, we examined the litera-
ture sources devoted to the study of radi-
al breast scar. A comprehensive search
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was conducted in the electronic data-
bases PubMed, Web of Science, Google
Scholar for 2009-2024. The key words for
the search included: radial scar, mamma-
ry gland, radiation sclerosing lesion, B3
lesions, ductal carcinoma in situ. The du-
ration of the studies in the analyzed pub-
lications ranged from 4 to 20 years, and
the number of radial scars confirmed by
biopsy was 1801.

A microscopic method was also used,
conducted on the basis of the OGBUZ
"Belgorod  Pathoanatomical Bureau"
during our own studies. The material
was fixed for 24 hours in 10% neutral
buffered formalin, then it underwent his-
tological processing in a closed-type his-
toprocessor Thermo Scientific Excelsior
AS (sequential dehydration, degreasing
and impregnation of tissue with paraffin).
From the manufactured paraffin blocks,
4-um-thick sections were made using a
semi-automatic rotary microtome Thermo
Scientific HM340e. Sections were stained
with hematoxylin and eosin, antibodies
Chromogranin (clone LK2H10, manufac-
turer Cell Marque, USA), Cytokeratin 20
(Ks20.8, Cell Marque, USA), Cytokeratin
cocktail (AE1/AE3, Cell Marque, USA),
Ki-67 (30-9, Ventana, USA), Synapto-
physin (MRQ-40, Cell Marque, USA),
TTF-1 (86763/1, Cell Marque, USA). To
obtain images, a Hamamatsu nanozoom-
er s60 scanner was used.

Radial scar (RS) is a benign lesion of
the mammary gland, consisting of a cen-
tral fibroelastotic stromal core imitating a
scar, with outgoing ducts, lobes of vary-
ing degrees of proliferative and cystic
changes, located in a stellate configura-
tion [17] and a lesion less than 10 mm in
size [9]. According to the studies of Kraft
E. et al. [18], the average lesion size was
6.0 mm (range 2-39). As noted by Turky-
ilmaz Z. et al. [4] and Fenoglio et al. [5], in
their studies the average size of RS was
1.08 cm (0.2-3). Similar results were ob-
tained by Grabenstetter A. et al. [19] - 9
mm (range 2-41). With sizes greater than
10 mm, a lesion that exhibits the same
features as RS is called a complex scle-
rosing lesion and occurs with a frequency
of 0.6 to 3.7% [17], although it is often
used to describe larger and disorganized
lesions and these terms are often used
interchangeably [29]. Typically, complex
sclerosing lesions include multiple pat-
terns of epithelial proliferations such as
sclerosing adenosis, sclerosing papillo-
mas, common ductal hyperplasia, and
cysts [22].

Regardless of the size and surface
area of the mammary gland, RS are clin-
ically hidden and not palpable [9, 17].
Turkyilmaz Z. et al. [4] explain the pal-

pability of mammary gland lesions by
the combination of RS with other benign
mammary gland lesions, such as fibroad-
enomas and papillomas.

This pathology usually occurs in pre-
menopausal women, rarely before 40
years and after 60 years [4, 26]. The eti-
ology of RS remains unclear, although
several theories have been proposed,
such as Trombadori CML. et al. [17],
suggested that RS may begin as a re-
action to an unknown injury that heals
with focal areas of fibrosis and elastosis,
contracting in the center and forming a
characteristic stellate appearance. The
pathogenesis is also unknown: possible
causes include a localized inflammato-
ry reaction and chronic ischemia with
subsequent slow infarction [5, 6, 9, 17],
previous injuries and surgeries may be
of great importance in the pathogenesis
of RS [21].

RS can be single, multiple or manifest
as clusters [5]. According to Bao JJ. [1],
the registered frequency of RS, detected
on screening mammograms, is 0.3-0.9
per 1000 examined women, which is
consistent with the data of the studies of
Yan et al. [11, 22] 0.03%-0.8% of breast
biopsy results.

For the first time, a radial scar as
"sclerosing papillary proliferation" was
described by Fenoglio C. and Lattes R.
in 1974 [5]. In turn, in 1975 Hamperl H.
[8] described RS or cicatricial obliterating
mastopathy and proposed the term "radi-
al scarring or scar".

Microscopic (histological) description.
The central sclerotic zone imitating the
scar [9, 17, 25] is associated with fibro-
elastotic change [23], surrounded by
elastic fibers [9], consists of fibrosis and
elastosis with ducts and lobes radiating
outward between the bands of sclerotic
tissue, suggestive of obliterating mas-
topathy [9], accompanying by peripheral
cysts, peripheral proliferative lesions and
calcifications [33]. The central scar area
[9] often contains small trapped obliterat-
ed ducts [9, 17], which consist of double
epithelial and myoepithelial rows [5] and
are morphologically similar to invasive
carcinoma [31], making diagnosis difficult
[4]. Especially because of the creamy
yellow elastic center, which is common
to both, and the fibroelastic area with en-
gulfed ducts [4, 5].

Thus, RS poses a challenge due to its
morphological resemblance to malignan-
cy and complicates differential diagnosis
due to its association with other prolif-
erative lesions [17]. Our study confirms
the authors’ opinion that in RR, the mam-
mary gland ducts are irregular in shape,
with pronounced cellular proliferation,

intraductal hyperplasia and metaplasia
(fig. 1 a-c).

Immunohistochemistry is crucial for
differentiating RS from invasive carcino-
mas and associated intraductal epithelial
proliferations [33]. For this purpose, im-
munohistochemical visualization of the
intact myoepithelial cell layer [1] is used
using various markers (including p63,
basal cytokeratins) and clarification of
intraductal/intraacinar proliferations us-
ing basal cytokeratins and the estrogen
receptor [30, 33]. Our immunohistochem-
ical study confirms the authors' opinion
(fig. 2 a-d).

On mammographic images, radial
scars have a pointed outline with a trans-

Fig. 1. Patient, 21 years old.

a - the specimen contains breast tissue with a
pathological focus in the form of central pro-
nounced stromal sclerosis, areas of periductal
cicatricial fibrosis, isolated tubular structures,
as well as predominantly radially oriented
ducts deformed due to fibrosis with typical in-
traductal hyperplasia and focal apocrine meta-
plasia;

b - in the duct lumen there is pronounced cel-
lular proliferation, forming typical ductal hy-
perplasia, irregularly shaped ducts, imitating
invasive malignant tumor growth;

¢ - foci of pronounced chronic inflammatory in-
filtration, accumulations of xanthomatous cells
in the duct lumen; (magnification a x25, b x50,
¢ x100, staining: hematoxylin and eosin)



Fig. 2. Patient, 21 years old.

a - intraductal proliferator cells are diffusely
stained (stain: cytokeratin 5);

b - antibody to estrogen receptors unevenly
stains the nuclei of intraductal proliferator cells
(stain: estrogen receptor);

¢ - P63 stains the nuclei of the preserved layer
of ductal myoepithelial cells (stain: p63).

d - smooth muscle actin stains the preserved
layer of ductal myoepithelial cells (stain: SMA),
(magnification a, b, ¢, d x100)

lucent center and can look like an archi-
tectural distortion, which can be associ-
ated with microcalcifications [23, 24, 32].
Thus, Fenoglio et al. [5] found microcal-
cification in 51.3% of cases on mammo-
grams, and a pointed lesion in 43.2%.

It is worth noting that atypia or other
high-risk breast lesions found in combi-
nation with RS are serious risk factors
for malignancy with an incidence rate,
defined as the rate of transformation into

malignant or other high-risk breast le-
sions, varying between 0-20% [2, 12, 14,
20]. In turn, according to Phantana-An-
gkool et al. [23], the rates of radial scar
transformation into malignancy in the fi-
nal pathology vary from 0 to 40%, which
is consistent with the results of Yan et al.
[22].

In their study, Rakha et al. [13] found
that in patients with RS associated with
atypia, it was associated with atypical
ductal hyperplasia in 69.43% of cases,
while lobular neoplasia was observed in
21.66%.

Yan et al. [11] in contrast, found that
the majority 80.1% (117 of 146) of all RS
did not have concomitant atypia or ma-
lignancy, and only 19.9% (29 of 146) had
concomitant atypia detected on initial bi-
opsy. As a result of their study, they con-
cluded that the incidence of increased
malignancy in RS without atypia is low
and amounts to 0.9% (one of 117 [95%
Cl: 0.02, 4.7]), and with concomitant
atypia - 14% (four of 29).

Turkyilmaz et al. [4] in their study
studied the relationship between the
number of RS and atypia, the number
of RS and the patient's age and did not
find a significant relationship, there was
also no relationship and between RS
size and atypia. In their study, the most
common lesion accompanying RS was
sclerosing adenosis (39.1%), which is
consistent with the results of Fenoglio et
al. [5].

It should be noted that the prognosis of
RS depends on the presence of concomi-
tant atypia. The risk of subsequent breast
cancer associated with RR, detected in
pathology with and without atypia, ranges
from 1.1-3.0 to 2.8-6.7%, respectively. If
atypia is absent in histological analysis,
the likelihood of malignancy increases
with large sizes (> 10 mm), calcifications,
and old age [9, 16, 21, 25].

Conclusion. Based on the results of
the analysis, it was established that radial
scar is part of a group of breast lesions
with uncertain malignant behavior. The
diagnosis of a radial scar is problematic
due to its morphological similarity to ma-
lignancy and complicates differential di-
agnosis due to its association with other
proliferative lesions. Immunohistochem-
istry is critical to exclude malignancy
when there is no associated atypia and
when radiographic and histologic findings
are consistent, which we confirmed with
our research.

Patients with a radial scar with atypia
have a higher risk of malignancy. Further
studies are needed to determine in which
patients radial scar excision can be safe-
ly avoided.
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IN TRAUMATOLOGY AND ORTHOPEDICS:
CONCEPTUAL EVOLUTION

AND DEVELOPMENT PROSPECTS

3D printing technology in orthopedic surgery and traumatology opens up wide opportunities for improving preoperative planning and person-
alization of treatment, which leads to an improvement in the quality of medical care. This review focuses on modern advances in the use of 3D
printing to create models, implants, and instruments that adapt to the individual anatomical characteristics of the patient. The benefits of 3D printing
include improving the accuracy of surgical procedures and reducing operational risks through personalized solutions. At the same time, the review
highlights key obstacles to the introduction of technology into clinical practice, such as high costs and the need for standardization of processes.
Despite these challenges, 3D printing has significant potential to transform medical approaches and teaching methods, which opens up prospects
for creating more effective and personalized therapeutic techniques in the field of orthopedics and traumatology.
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Introduction. Three-dimensional (3D)
printing, also known as additive manu-
facturing or rapid prototyping, has been
around for several decades and is rec-
ognized as an effective method of manu-
facturing orthopedic instruments and im-
plants [63,35,53]. In recent years, interest
in 3D printing in the field of orthopedics

has grown again, due to cost reductions,
increased availability of 3D printers, print-
ing materials and software, as well as
the desire to provide more personalized
treatment to patients. This development
has led to the concept of "local print-
ing" or "on-site printing of medical care"
(PPC). Regardless of who manufactures



the devices, traditional companies or
PPC, the advantages of 3D printing are
obvious. [46, 31, 16, 36].

This technology makes it possible
to develop instructions and surgical in-
struments adapted to the specifics of
each individual anatomical model, which
makes it possible to perform volumetric
and accurate 3D measurements [38]. In-
dividualized instruments help surgeons
simulate operations, accurately measure
necessary adjustments in osteotomy,
plan fracture repair, calculate the volume
of required allografts, and apply this tech-
nology in many other fields [25]. The pur-
pose of this review is to present an ap-
proach to understanding this technology
and its key principles.

Materials and methods. A literature
search was conducted in the following
databases: Web of Science, Scopus,
PubMed (MEDLINE), eLibrary.RU and
Cochrane Database of Systematic Re-
views. Keywords such as "3D printing in
orthopedic surgery", "three-dimension-
al printing and traumatology", "additive
manufacturing in orthopedics", "personal-
ized implants in traumatology", "3D print-
ing and surgical instruments", "internal
printing and medical care" were used to
select relevant publications.

As a result of the search, 5005 publi-
cations were found. After removing 1,702
duplicates, the selection process was
continued with 3,303 potentially suitable
studies. When checking the titles and an-
notations, 3089 articles were excluded.
The full texts of the remaining 214 arti-
cles were analyzed in detail, and the final
listincluded 64 works. The PRISMA block
diagram is shown in the figure (Figure).

In the table (table.1) All demographic
and technical data are listed. Among the
64 selected studies, both randomized
controlled trials, meta-analyses, and sys-
tematic reviews were reviewed. Special
attention was paid to the quality of the
methodology and the approaches used
in the research. The obtained results al-
lowed us to draw reasonable conclusions
about the influence of the studied factors,
as well as to identify areas requiring fur-
ther research.

Historical background. The ori-
gins of three-dimensional printing can
be traced back to the time when the art
of sculpture was born in the Stone Age.
Humanity, existing in a three-dimension-
al world, has always sought to repro-
duce this reality in different materials.
In 1859, Francois Willem created the
first 3D scanning technology in France,
calling it "photosculpture." Photographs
taken with a 360-degree viewing an-
gle were used to create silhouettes of a

person or object, which were then trans-
ferred to the desired scale thanks to the
pantograph and served as the basis for
creating a three-dimensional sculpture.
In 1892, Joseph Blanter patented in the
United States a technology for creating
three-dimensional topographic maps
that used a layer-by-layer accumulation
method similar to the concept of modern
3D printers. Almost a hundred years lat-
er, in Japan, Hideo Kodama proposed
the idea of creating 3D prototypes by in-
jecting photopolymers that harden under
the influence of ultraviolet rays. However,
the first person to create a real 3D print-
er was Charles Hull in 1984 in the USA,
and he is considered the founder of 3D
printing [61]. In 1988, Hull introduced the
first 3D printer on the market, called the
SLA-250 [33].

Since 2007, patents have been is-
sued, and interest in the topic of 3D print-
ing has increased markedly. Affordable,
open-source printers were developed
that could self-replicate. The first mention
of the use of this technology in the health-
care sector appeared at the beginning of
the 21st century [35, 44]. In the period
from 2009 to 2011, there was a change
of emphasis in publications: from simple
printing for preoperative planning to the
production of surgical instruments and
even implants [63].

The use of 3D printing in orthope-
dic surgery and traumatology. All over
the world, orthopedic surgeons, special-
ists in related fields and scientists are
actively using 3D printing to create mod-
els, instruments, implants, orthoses and
prostheses adapted to each patient. 3D
bioprinting technologies are also used to
create skeletons of bones and cartilage,
covering almost all aspects of orthopedic
traumatology, from the head to the feet
(Table 2).

Based on the presented table, we
note that the use of 3D models allows
surgeons to visualize complex anatom-
ical structures in advance, such as the
proximal humerus, acromion, and pelvis,
which contributes to more accurate and
efficient operations. In particular, for the
distal humerus and elbow, printing plates,
templates and guides optimize the surgi-
cal process, increasing its predictability
and reducing the risk of complications.
Personalized navigation templates for
ankle ligament repair improve the results
by taking into account the individual ana-
tomical features of the patient. In addition,
3D printing technologies promote innova-
tions in reconstructive approaches, as in
the case of the hand and thumb model,
which opens up new possibilities for re-
storing the functions of complex joints
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and bone structures. In general, the use
of 3D printing in orthopedics contributes
to improving the quality of medical care,
reducing operational risks and improving
patient rehabilitation.

The main advantages and disad-
vantages of 3D printing in orthopedic
surgery and traumatology. Orthopedics
and traumatology are among the medical
fields where 3D planning has significant-
ly influenced practice, especially in the
treatment of injuries and oncological or-
thopedics. An analysis of the literature in
the field of orthopedics shows a notice-
able increase in the number of publica-
tions devoted to this topic [55, 24, 25, 20,
12]. The main use of 3D technologies is
related to preoperative planning, as well
as the development of individual implants
and guiding devices. Among the most
commonly used materials for 3D printing
are titanium, acrylonitrile butadiene sty-
rene (ABS) and polylactic acid (PLA).

In preoperative preparation, 3D print-
ing opens up new possibilities for improv-
ing accuracy that are unattainable using
traditional methods. This is especially true
for the treatment of fractures, where it is
important to model the recovery process
in advance. Significant improvements
have been noted in studies such as the
work of Izatt and his colleagues: sur-
geons indicated that in 65% of cases an-
atomical details on biomodels were more
noticeable than with standard visualiza-
tions, and in 11% they were unique only
to 3D models [57]. These achievements
emphasize the importance of 3D model-
ing, since improving the understanding of
anatomical structures can directly affect
the choice of materials and the location
of implants, which is confirmed by the re-
search of Wu and Shao [54].

Continuing the topic of precision,
the research of lannotti and co-authors
demonstrate that the use of individual
instruments in orthopedics, for example,
in shoulder replacement, significantly
improves the positioning of components
[59]. Other papers, such as the Buller
study, describe how arthroplasty guides
allow experienced surgeons to reduce
orientation deviations by 9 degrees,
thereby increasing the accuracy of oper-
ations [56].

The integrated use of 3D printing and
computer navigation complements pro-
cedures, as shown in the Chen study: the
use of these technologies improved the
accuracy of implant placement during re-
constructive operations on pelvic bones
by 3-5 times [23]. This also led to a reduc-
tion in radiation exposure and blood loss,
which was noted during bone surgeries
such as calcaneal and tibial.
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Preferred reporting elements for systematic

One of the biggest advantages of
3D technology remains personaliza-
tion. Dekker and colleagues empha-
size that individual implants based on

reviews and meta-analyses (PRISMA)

implants are manufactured. In addition,
considerable time and resources are re-
quired to train medical professionals to
use this technology in practice. Standard-
ization and regulatory issues also require
special attention to ensure the safety and
effectiveness of the products [60].

Despite these challenges, the contin-
ued improvement of 3D technologies and
the accumulation of experience in their
application promise significant improve-
ments in the quality of medical care and
expanded treatment options, making the
future of medicine more personalized
and effective.

Application of additive 3D print-
ing technologies in the diagnosis
and treatment of pathologies of the
musculoskeletal system. The use of
additive 3D printing technologies for the
diagnosis and therapeutic intervention in
various pathologies of the human mus-
culoskeletal system, including fractures,
bone neoplasms, arthrosis of large joints,
as well as congenital and acquired defor-
mities and other conditions.

One of the most urgent tasks of
modern medicine is the treatment of
patients with bone diseases. The inci-

Table 1

Demographic and technical information on research using 3D printing in orthopedic
surgery and traumatology

precise parameters of the patient's|

anatomy significantly improve treat-
ment results, for example, in com

plex deformities of the foot [39]. In

addition, the prospects of bioprinting

open up new horizons in the creation

of biomaterials for tissue regeneration,

as indicated in the works of Tan and

co-authors [53]. As can be seen from
these advantages, 3D printing technol-|

ogy is transforming orthopedics and

traumatology, enabling precise pre-

operative planning and the creation o

customized surgical instruments and

implants, which significantly increases
the accuracy and effectiveness of pro-|

cedures.

However, despite the significant

advantages, the use of 3D printing in

medicine is fraught with certain diffi-

culties that must be taken into account

for the successful integration of this|
technology into medical practice [61,

25]. The disadvantages of 3D print-|

ing are similar to the disadvantages of

any innovative technology, including

high costs and lack of data, which is

especially important in the economi

Link Country Category Visualization method

Parratte et al. [31] USA Spine CT
Gauci et al. [46] France TSA CT
Wang et al. [16] China THA CT
Yamamura et al. [43] Japan TKA CT
Ferretti et al. [55] Italy THA CT
Hendel et al. [24] USA TSA CT
DeVloo et al. [58] Belgium TKA MRT
Sariali et al. [50] France TKA CT
Cui et al. [32] China Spine CT
Roh et al. [38] South Korea TKA CT
Dasari et al. [13] USA TSA CT
Mohar et al. [47] Slovenia Spine CT
Van Genechten et al. [36] Belgium TKA CT
Matsukawa et al. [41] Japan Spine CT
Moya et al. [64] Mexico TSA MRT
Zheng et al. [25] China TKA CT
Zhang et al. [30] China Pelvic area CT
Chen et al. [23] China Spine CT
Cho et al. [15] South Korea Spine CT
Zheng et al. [18] China Pelvic area MRT, CT
Rosenzweig et al. [14] Canada TSA CT
Pehde et al. [29] USA TKA CT

cally limited and controversial field ofNote* CT - computed tomography; MRT- magnetic resonance imaging; THA - total hip
medicine, where customized medicalreplacement; TKA - total knee replacement; TSA - total shoulder replacement.



dence associated with both primary
bone tumors and metastases to the mus-
culoskeletal system is increasing annu-
ally. More than 2,900 cases of cerebral
palsy and previously diagnosed osteo-
genic sarcomas are registered annually.
In addition, many malignant neoplasms
are prone to metastasis to bone tissue.
In a study conducted on the basis of the
Volga Scientific Research Medical Uni-
versity of the Ministry of Health of Rus-
sia, the results of surgical treatment of 22
patients with tumors of the long bones of
the upper extremities were analyzed. Af-
ter the tumors were removed, all patients
underwent simultaneous bone transplan-
tation. To eliminate the defects, individual
implants made of bone replacement ma-
terial using 3D printing technologies were
used.

In the postoperative period, all pa-
tients noted a decrease in pain and an
improvement in the function of the upper
extremities. During the entire follow-up
period, there were no X-ray confirmed
cases of implant displacement. A year af-
ter surgery, patients with benign tumors
showed the following results: according
to the SF-36 questionnaire, the aver-
age score was 71.4 = 6.6, according to
the visual analog scale (VAS) - 2.5 + 1.5
points, and according to the MSTS scale
(Society's assessment of Tumors of the
Musculoskeletal System) — 65.1 + 8.3%.
In patients with malignant changes, the
indices were: SF-36 — 39.2 + 4.3 points,
VAS — 4.8 = 1.4 points, and MSTS —
41.8 £5.2% [3].

The study conducted by Berasi C.C.
and co-authors examines the experience
of using individual titanium hip cups cre-
ated using a 3D printer in revision arthro-
plasty in patients with critical bone loss.
The authors analyzed 28 operations per-
formed in 26 patients, among which 4
patients needed repeated revisions. The
causes of unsuccessful outcomes were 2
cases of periprosthetic infections, 1 case
of loosening of the femoral component of
the endoprosthesis and 1 case of fracture
of the prosthesis [20].

The individual implants demonstrated
good durability, with no signs of migration
or weakening over an average follow-up
period of 2.5 years. The researchers
concluded that the results of using the
implants are comparable to the use of
anti-intrusive cells and extension cords.
In cases of significant damage to the ac-
etabulum accompanied by pelvic dissoci-
ation, the use of individual implants may
be more effective [12].

The positive results of patient treat-
ment were also noted in a study evalu-
ating the use of individualized guides
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Table 2

Results of 3D printing application in various fields of orthopedic surgery
and traumatology

Anatomical area

Applications of 3D printing

The proximal humerus

A 3D model used for planning [64]

Acromion

A 3D model used to adjust the shape of the plate [25]

Collarbone

A 3D model designed for planning and preparing plates [61]

Distal humerus and elbow models [61]

Plates for 3D printing, 18 templates and guides, as well as 3D

Distal radius

Surgical planning of osteotomies using 3D modeling [25]

Experimental 3D modeling for planning thumb

Arm reconstruction, including vascularized bone flaps and
navicular plates [64]
The basin A 3D model used for preparation and planning [61]

Distal femur

A 3D model used for preparation and planning [61]

ACL Reconstruction

An arthroscopic instrument for creating the femoral tunnel of
the ACL, adapted to the ethnic characteristics of the patient
based on MRI data [25]

Proximal tibia

A 3D model used for preparation and planning [61]

Tibial pylon and ankle

A 3D model used for preparation and planning [61]

The ankle

[64]

Personalized navigation template for ankle ligament repair

for positioning during resection, created
using 3D printing and prototyping. The
authors showed that operative planning
using these individual guides and physi-
cal modeling of the tibia and femur leads
to a statistically significant normalization
of the axis of the lower extremities in all
patients. Applications of individual guides
include cases with a history of inflamma-
tory diseases or deformities, as well as
the need for hip or hip replacement. Their
use may be preferable when it is neces-
sary to avoid opening the bone marrow
canal. This is especially true in the pres-
ence of massive bone defects, large os-
teophytes in the posterior condyles of the
femur, or with pronounced restriction of
movement in the knee joint [5].

The number of applications of addi-
tive technologies, such as 3D printing,
is increasing annually in the field of cre-
ating individual orthotics and orthopedic
insoles. In the study [10], methods for
the production of such insoles using 3D
printing were developed. The research-
ers successfully achieved their goals
and demonstrated that a statistically sig-
nificant improvement (p <0.05) was re-
corded not only according to the AOFAS
questionnaire, but also according to the
results of biomechanical examinations
of patients. In addition, the use of cus-
tom-made orthopedic insoles using 3D
printing has shown that they help to re-
store the load on the lower extremities,
reduce pain and bring gait closer to the

physiological norm, contributing to im-
proving the quality of life of patients [10].

The study by Karyakin N.N. and Gor-
batov R.O. [3] presents the results of the
development of technologies for creating
individualized orthoses for immobilizing
joints of the upper extremities using 3D
printing. This technology includes mea-
suring the biometric parameters of the
corresponding area and determining
the necessary force for immobilization,
on the basis of which a 3D model of the
orthosis is created. The subsequent pro-
duction process is carried out using an
FDM 3D printer. The created orthoses
have demonstrated high efficiency in
immobilization, providing excellent ra-
diological and clinical treatment results.
They have a number of advantages over
traditional manufacturing methods: indi-
vidual adaptation depending on the bio-
metric parameters of the patient and the
type of pathology, light weight, fast appli-
cation, resistance to moisture and heat
exchange between the damaged area
and the environment [11].

Despite the positive results of the
application, the local implementation of
additive technologies faces a number of
difficulties related to the complexity of the
technological processes themselves [1].
First, there is the high cost of 3D print-
ing equipment and supplies, which can
be a significant barrier for small medical
facilities and laboratories. Secondly, the
technology itself requires specific train-
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ing from specialists and the ability to
work with digital models and programs
that prepare data for the printer. Thirdly,
standards and protocols for the use of
additive technologies in medicine are still
insufficient, which makes it difficult to in-
tegrate these technologies into everyday
medical practice.

Nevertheless, the experience of using
polymer models of the pelvis is actively
discussed in the scientific literature on
pelvic bone fractures. These models play
a key role in preoperative preparation,
allowing surgeons to carry out rational
planning and preliminary modeling of
surgical plates. This makes it possible to
reduce risks and improve the results of
operations [11].

In turn, the research led by Cai L. and
his co-authors demonstrate that the in-
clusion of 3D models in the preoperative
planning process significantly reduces
both the radiation load and the duration
of the operation. This is especially import-
ant when performing minimally invasive
vascular osteosynthesis, which is neces-
sary to correct unstable fractures [12].

After analyzing publications on 3D
technologies, Krettek C. and Bruns N.
also came to the conclusion that the lev-
el of evidence of these works is low and
contains many methodological shortcom-
ings, such as limited samples of clinical
examples and lack of long-term efficacy
data [40]. Nevertheless, they emphasize
the importance of the research conduct-
ed, as additive technologies offer enor-
mous potential for the medical industry,
opening up opportunities for personalized
medicine and improving the effectiveness
of surgical interventions.

Customized tools created by 3D
printing. The PSI concept, or tools
adapted to each patient, is actively used
in scientific publications and research. In
the world literature, it is customary to des-
ignate this area with a term reflecting an
individualized approach to medical pro-
cedures. These dual devices are being
developed on the basis of data obtained
from computer models, which significant-
ly improves the efficiency of their use.

With the use of 3D printing technology,
such instruments become an integral part
of surgical operations, providing a more
rational intervention to increase accura-
cy. This becomes especially important in
the context of oncoortopedic operations,
where a high degree of accuracy and
adaptability is required.

The term PSI refers to a unified con-
cept encompassing special surgical in-
struments, including templates and man-
uals that are widely used in the planning
and execution of medical procedures. In

some situations, however, it may be nec-
essary to perform radical resection of the
tumor, which requires the use of more ag-
gressive surgical methods.

In his study, Buller L. and his col-
leagues are comparing two control
groups of patients. In one group, the in-
stallation of the swivel component was
carried out using the standard method.
In the second group, PSI technologies
were used, which provide an individual
approach and increase the accuracy of
the installation [56]. The results showed
that in patients whose treatment included
the use of PSI, the average deviation of
angles such as anteversion and tilt was
significantly smaller, indicating a more
optimal displacement of the components.
This confirms the effectiveness of PSI not
only in hip replacement, but also in more
complex operations such as the installa-
tion of transpedicular screws in the spine,
where precision and individual approach
are important.

PSI technologies are actively used for
radical resections in the treatment of ma-
lignant tumors in the pelvic bones [34].
Frangois Gouin and his team performed
pelvic bone tumor removal in 11 patients
using PSI [28]. After the operations were
completed, a histological examination
of the removed tissue was performed.
Macroscopic analysis and comparison of
postoperative CT images with preopera-
tive CT data made it possible to evaluate
the accuracy of performed surgical inter-
ventions. The results showed that in all
cases, the edges of the resections were
classified as RO, which confirms the com-
plete removal of the tumor tissue. At the
same time, the average accuracy of re-
section, determined by comparing X-ray
images, was 2.5 mm.

Individual navigation templates for
installing transpedicular screws in the
cervical spine. In recent years, the num-
ber of publications on the use of transpe-
dicular fixation in the cervical spine has
increased significantly. This is explained
by the fact that from a biomechanical
point of view, this technology demon-
strates exceptional stability and, in some
cases, may be the only effective method
of correcting pathologies [45, 28, 37]. In
response to the current need, alternative
methods have emerged, such as the use
of new surgical technologies in spinal
neurology. One of such innovative ap-
proaches is the development of individu-
al navigation templates created using 3D
printing, which allow precise installation
of implantable screw structures [23, 55].

There was also interest in this area in
the Russian Federation: the first mention
of the methodological approach was pre-

sented at a conference in 2018, where a
clinical case of a patient with C2 vertebral
neoplasia was considered [4]. Continuing
to study this issue, in 2019, Kovalenko R.
A. and his colleagues published a study
discussing the use of templates for in-
stalling transpedicular screws in the sub-
axial and upper thoracic spine [6]. They
reported that out of 88 installed screws,
the accuracy of compliance with Class 1
and 2 was 97%. In addition, implantation
safety level 0 was achieved in 79 cases
(89.77%), level 1 in 5 cases (5.68%) and
level 3 in 2 cases (2.27%).

Earlier, in 2015, Abumi K. and his col-
leagues demonstrated the successful
implementation of this technique by in-
stalling 80 transpedicular screws in the
subaxial cervical spine using three types
of individual 3D navigation matrices for
each vertebra. These matrices provided
accurate identification of entry points,
drilling direction, and navigation when
installing screws [26]. Of the 80 installed
screws, 78 turned out to have a safe-
ty level of 0. It was also noted that the
absence of the need for retraction of the
paravertebral muscles in the middle part
of the cervical region allowed the use of
additional instruments for the removal of
soft tissues [34].

However, several researchers point
out potential errors related to the insuffi-
cient accuracy of adapting the navigation
pattern to the spine [4]. Especially in the
subaxial region, where a significant angle
of convergence may require an additional
incision to ensure the correct direction of
the tool. Sometimes it is also necessary
to modify a part of the navigation tem-
plate in order to successfully install the
screws on the opposite side [48].

Thus, innovative approaches in 3D
navigation and customized templates
significantly improve the accuracy and
safety of transpedicular screw implan-
tation in difficult cases. However, further
research and technology improvements
are needed to minimize possible errors
and expand their application in clinical
practice.

The use of navigation guidance tem-
plates in the field of orthopedics. In re-
cent years, advanced technologies in the
field of orthopedics have been developed
and actively applied, expanding the ca-
pabilities of surgeons in the treatment of
spinal diseases. One of these methods is
the use of navigation guidance patterns,
which significantly improve the accuracy
of implant placement. These patterns are
especially important in cases such as the
correction of scoliosis in children, where
the accuracy and safety of the procedure
are crucial [4, 2].



An analysis of the use of guiding navi-
gation patterns in the field of orthopedics
shows how transspedicular fixation is be-
coming the main method of surgical sta-
bilization of the spine. In a study conduct-
ed by A.V. Kosulin and his colleagues,
the use of individual navigation patterns
for installing transpedicular screws in
children with spinal deformities was stud-
ied. The study showed that 3D models
were created on the basis of preopera-
tive computed tomography, according to
which polylactide (PLA) navigation tem-
plates were developed and manufactured
on a 3D printer [7]. During the operations,
templates were used to accurately posi-
tion the screws. The results showed that
93.7% of the screws were installed with
high accuracy inside the bone, confirm-
ing the effectiveness and safety of the
method. The use of this method allows
not only to improve the stability and ef-
fectiveness of surgical interventions, but
also to significantly speed up the recov-
ery process of patients. This technology
opens up new possibilities for individu-
alizing treatment and optimizing surgical
procedures in pediatric orthopedics.

Complementing these findings, the
authors Kokushin D.N., Vissarionov
S.V,, Baindurashvili A.G. and colleagues
conducted a study evaluating the use of
guiding templates (SHN) for the installa-
tion of transpedicular screws (TV) in chil-
dren with congenital scoliosis. The sec-
ond version of the monosegmental SHN
proved to be the most effective, which
ensured the correct installation of 93.7%
of the screws. This made it possible to
increase the accuracy of the procedure
and minimize the risks of malformation,
without the occurrence of neurological
disorders in the postoperative period.
The authors emphasized the importance
of taking into account anatomical and
morphological features when planning
the installation of TV in children [8].

It should be noted that the publication
by Kovalenko R.A. and co-authors fo-
cused on the use of individual navigation
patterns for installing screws in the sub-
axial cervical and upper thoracic spine.
The study determined the risk of implan-
tation, while in 79 cases (89.77%) the
screws were installed without deviations
(grade 0), in 5 cases (5.68%) there was
a slight deviation (grade 1), and in 2 cas-
es (2.27%) serious deviations (grade 3)
were detected. The matrix was designed
taking into account three points of con-
tact on the arches of the vertebrae and
joints, as well as on the spinous process,
with the guide tubes fixed with stiffeners.
The channel for installing the screw was
formed by means of a drill bit or a Kirch-

ner wire, which was guided through the
tube. The development and application of
such matrices can significantly reduce the
risk of implantation errors, which is of key
importance for increasing the safety and
effectiveness of surgical intervention [6].

Discussion. The use of 3D physical
models in medical practice provides a
number of advantages over tradition-
al imaging techniques such as CT and
MRI, as well as virtual reconstructions.
For example, studies by Auricchio and
Marconi confirm that three-dimensional
printing is actively being implemented in
orthopedics and traumatology to improve
preoperative planning and modeling of
complex anatomical structures [21]. This
is consistent with our findings that physi-
cal models can reduce errors caused by
a limited understanding of volume, view-
ing angle, and lighting when working with
two-dimensional images.

The study by Sheth and colleagues
pays special attention to the use of 3D
printing as part of preoperative planning
for shoulder joint instability [51]. This cor-
relates with our observations that phys-
ical models help surgeons more accu-
rately assess anatomical abnormalities,
for example, when correcting hip joint
deformities and other complex interven-
tions. Other studies, such as the work of
Mazzarese and colleagues and Smoczok
et al., note the potential of 3D printing in
implant modeling and the development of
retainers made of absorbent polymers,
which proves the possibility of improving
surgical correction and adapting instru-
ments to the individual needs of the pa-
tient [42, 52]. Finally, the work of Trauner
[62], Kang and colleagues [22] empha-
size that 3D printing not only changes
the approach to surgical intervention
planning, but also promotes training and
improves the skills of novice surgeons,
which is also one of the key conclusions
of our study. Overall, a variety of research
shows that 3D printing has significant po-
tential to transform orthopedic practice
and education.

Thus, in the field of orthopedics and
traumatology, 3D printing technology al-
lows surgical procedures to be planned
in advance, this possibility can lead to
improved intervention results and shorter
surgery time. 3D-printed models can be a
useful tool for training aspiring surgeons,
improving the quality of training and
speeding up the learning process.

Conclusion. An analysis of the sci-
entific literature has shown that the use
of 3D printing in orthopedic surgery and
traumatology opens up new horizons for
individualizing treatment and improving
the quality of medical care. The technolo-
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gy promotes more accurate preoperative
planning, allows you to create models
and tools adapted to the patient, which
reduces operational risks and improves
the results of operations. However, for the
successful integration of 3D printing into
clinical practice, it is necessary to over-
come a number of challenges, including
high costs, the need to train specialists
and the development of standards. De-
spite these obstacles, the continued
improvement of technologies and the
accumulation of experience in their ap-
plication can significantly improve the ef-
fectiveness and personalization of medi-
cal interventions, making future medical
practices more accurate and safer.
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Capillaroscopy is a noninvasive meth-
od of microcirculation examination based
on visualization of capillaries through the
skin, which plays a key role in the differ-
ential diagnosis of primary and second-
ary Raynaud's phenomenon, and has
been successfully used for diagnosis of

diseases such as systemic scleroderma,
juvenile dermatomyositis. It can also be
used for their staging and activity assess-
ment. Capillaroscopy can also be useful
for evaluating the microcirculation in oth-
er rheumatic diseases such as systemic
lupus erythematosus, antiphospholipid
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syndrome, juvenile idiopathic/rheumatoid
arthritis, and Sjogren's syndrome.

Current capillaroscopy development
began in the 1980s with the introduction
of videocapillaroscopy, which allowed
digital image analysis. By this time,
standardized criteria and protocols for
the evaluation of capillaroscopic images
in adults have been developed [19, 24,
27, 29, 30]. However, there are still not
enough studies devoted to the pecu-
liarities of capillaroscopy in children, al-
though in recent years there have been
active works on its standardization for
juvenile patients [23, 33].

The capillaroscopy method is informa-
tive in systemic diseases. Capillaroscop-
ic signs of microangiopathy include [29]:

- change in capillary density (nor-
mal capillary density is 7 mm);

- changes in capillary diameter
(in normal capillary diameter, as a rule,
does not exceed 20 microns);

- presence of avascular areas
— avascular areas are defined in the ab-
sence of 2 or more consecutive capillar-
ies;

- microhemorrhages — visualized
as small dark spots representing hemo-
siderin depots;

- neoangiogenesis — new capil-
lary formation (newly formed capillaries
can be represented as spiral, branching
or bush-like capillaries);

- disorganization of the architec-
tonics of the capillary network of the nail
bed;

- changes in capillary distribution
and multidirectional orientation of capil-
lary loops. This type of changes is one
of the characteristic elements of micro-
circulatory system damage in systemic
connective tissue diseases.

Capillaroscopy is actively used to
diagnose systemic diseases such as
systemic scleroderma, systemic lupus
erythematosus, dermatomyositis and
other autoimmune diseases. The method
allows to detect early changes in micro-
circulation, often characteristic for these
diseases, which is important for timely
diagnosis.

In children, as in adults, the normal
capillaroscopic picture of the nail bed is
represented by a parallel and regular ar-
rangement of a distal row of capillaries,
shaped like an open hairpin or the letter
U, with a thinner shoulder representing
the arterial branch and a thicker shoulder
representing the venous branch, and a
density of 7-17 per millimeter, averaging
about 9 capillaries per millimeter.

New data on capillaroscopy in healthy
children have recently been published.
The Bergkamp study found differences in

capillary density in children with different
skin color: children with darker skin had
significantly lower capillary density (up to
5.9 cap/mm) [11].

This important finding for clinicians will
help to correctly interpret what is (ub)nor-
mal in patients with different ethnic back-
grounds.

The main features in children are
greater visibility of the subpapillary ve-
nous plexus, fewer capillary loops per
millimeter, and a higher frequency of
atypical capillary loops. These differenc-
es should be known and taken into ac-
count when evaluating capillaroscopy in
children with rheumatic diseases [13].

As for pathologic changes, one of the
main ones found in rheumatic diseases
is microbleeding, indicating a violation of
capillary integrity.

According to an international study,
microhemorrhages on capillaroscopy in
children were significantly more common
in juvenile dermatomyositis (85.3%), sys-
temic sclerosis (84.6%), and systemic
lupus erythematosus (80.0%) compared
with healthy children (39.2%) [23].

A summary of microcirculatory chang-
es in rheumatologic diseases is present-
ed in Table.

Capillaroscopy is effective in the dif-
ferential diagnosis of primary (idiopath-
ic) and secondary Raynaud's syndrome.
Raynaud's syndrome (RS) represents
episodes of transient ischemia due to
vasoconstriction of arteries, precapillary

arterioles and cutaneous arterio-venous
shunts under the influence of cold tem-
perature and emotional stress [2].

Primary Raynaud's syndrome is a
benign functional condition and is char-
acterized by a normal capillaroscopy pic-
ture. Primary RS reveals a functional dis-
order in the form of a marked decrease in
blood flow velocity. It should be empha-
sized that the diagnosis of the primary
condition cannot be based solely on cap-
illaroscopy. It also requires the absence
of inflammatory changes in the blood and
normal level of antinuclear antibodies, as
well as the absence of any other clinical
symptoms.

Russian and foreign literature recom-
mends performing capillaroscopy every
12-24 months in primary RS because
10% of these patients develop connec-
tive tissue disease, sometimes decades
later [1, 15, 22, 25, 36].

Secondary RS is characterized by
changes in the number, size and shape
of capillary loops, signs of capillary de-
struction, reduction of the capillary net-
work [1].

In scleroderma, capillaroscopy reveals
changes characteristic of this disease —
giant capillaries, microaneurysms, hem-
orrhages [33, 34]. Systemic scleroderma
(SSD) is a diffuse systemic autoimmune
disease of connective tissue, which is
manifested by microcirculatory vascular
lesions and processes of increased fibro-
sis [4].

Possible changes in microcirculation in various rheumatologic diseases

Disease

Changes visible on capillaroscopy

Primary Raynaud's syndrome

A marked decrease in blood flow velocity

Raynaud's secondary

Changes in the number, size and shape of capillary loops
Signs of capillary destruction
Capillary network reduction

Systemic scleroderma

Giant capillaries
Microaneurysms
Hemorrhages

Systemic lupus erythematosus

Increase in capillary loop length
Increased tortuosity

Well visualized subpapillary plexus
Dilated capillaries without avascular areas

Dermatomyositis

Megacapillaries

Capillary loss

Disorganization of the capillary array
Bushy capillaries

Winding capillaries

Hemorrhages

Sjogren's syndrome

Twisted, irregular capillaries

Antiphospholipid syndrome

Change in capillary diameter
Symmetrical microhemorrhages

Juvenile idiopathic arthritis /
rheumatoid arthritis

Absence of pronounced structural changes of capillaries
Possible presence of single dilated capillaries

Moderate increase in capillary network density
Preservation of the general architectonics of the capillary
pattern




The characteristic feature of SSD is
a long progressive course with specif-
ic changes in the skin, musculoskeletal
system, internal organs (lungs, digestive
tract, heart, kidneys) [4, 7].

Systemic scleroderma causes cap-
illary abnormalities that develop in a
well-defined sequence called scleroder-
ma pattern, which correlates with internal
organ damage.

Three patterns of scleroderma are
distinguished: "early", "active" and "late",
which reflect the progressive nature of
the disease. "Early" pattern is charac-
terized by the presence of giants (ho-
mogeneously enlarged capillaries with
normal morphology and a diameter of
50 ym or more) and does not show re-
duced density. "Active" and "late" models
always show reduced density (less than
7 capillariess/mm). In the "active" model,
capillary loss is combined with giant cap-
illaries, and in the "late" model, capillary
loss is combined with abnormal shapes
[33, 34].

The three defined patterns are con-
sistent and dynamic as the disease pro-
gresses and can be easily recognized by
qualitative evaluation of capillaroscopic
images (Figure).

There is a Fast Track algorithm [34]:
a fast, simple and robust algorithm for
distinguishing a "scleroderma pattern”
from a "non- scleroderma pattern". This
algorithm includes three rules: 1) normal
capillary density (greater than 7) and the
absence of giant capillaries allows the
capillaroscopic pattern to be classified as
a "non-scleroderma pattern"; 2) extreme-
ly reduced capillary density (less than
three capillaries) together with abnormal
shapes or the presence of giant capillar-
ies allows the capillaroscopic pattern to
be classified as a "scleroderma pattern”;
3) if the imaging results do not meet rule
1 or rule 2, the image is automatically
sorted as a "non-scleroderma pattern”.

The capillary abnormalities seen in ju-
venile and adult SSD are similar. Several
studies have reported the simultaneous
presence of giant capillaries and avascu-
lar areas in >60% of children with juvenile
SSD (13).

The international multicenter study by
Melsens et al. (2023) analyzed differ-
ences in capillaroscopic characteristics
in different juvenile rheumatic diseases.
The authors found out that in juvenile
systemic sclerosis there was a signifi-
cant decrease in capillary density to 5.2
capillaries/mm compared to the values
of healthy children (8.5 capillaries/mm),
as well as an increase in the number of
dilated capillaries (1.8/mm vs. 0.5/mm in
healthy children) [23].

Capillaroscopy of the nail bed may be
a useful method to evaluate microvascu-
lar changes in patients with SLE, but the
sensitivity of the capillaroscopic meth-
od is lower in patients with SLE than in
patients with systemic scleroderma, for
whom a reliable algorithm exists to dis-
tinguish a "scleroderma pattern" from a
"non-scleroderma pattern". Microvascu-
lar involvement is an important feature of
SLE.

Systemic lupus erythematosus (SLE)
is a systemic autoimmune disease of con-
nective tissue arising on the basis of ge-
netically determined imperfection of im-
munoregulatory processes characterized
by hyperproduction of autoantibodies and
their components, and the emergence of
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immune inflammation, the consequence
of which is multi-organ damage [3]. SLE
is considered to be one of the urgent
medical problems among the pediatric
and adolescent population. Due to multi-
organ damage, wave-like course, accom-
panied by many nonspecific manifesta-
tions (weight loss, fever, increased gen-
eral fatigue), the early diagnosis of SLE
is still a difficult and urgent task [6, 35].
E.l. Alexeeva et al. determined that
this pathology rarely debuts in children
under the age of 5 years, the rise in mor-
bidity is noted at the age of 8-9 years, and
the peak occurs at the age of 14-25 years
(average age of debut 11-12 years) [5].
Cutulo M. et al. described a variaty
of capillaroscopic patterns in SLE: nor-

Standardized evaluation of native videocapillaroscopy images according to the international con-
sensus of the EULAR study group on microcirculation in rheumatic diseases: A — example of
"normal" stereotypic pattern: 8 capillaries/mm, no dilatations, no giant capillaries, no abnormal
shapes, no microhemorrhages, interpretation: normal pattern (non-sclerodermic); B — example of
"non-specific" pattern: 8 capillaries/mm, presence of 3 dilatations/mm, no giant capillaries, pres-
ence of two abnormal shapes, microhemorrhages present, interpretation: non- specific changes
(non-sclerodermic pattern); C — example of "sclerodermic" pattern: 5 capillaries/mm, presence of
giant capillaries, no abnormal shapes, microhemorrhages present, interpretation: active sclero-

dermic pattern [33]
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mal pattern (with normal distribution of
typical capillaries), nonspecific pattern
(including abnormalities that do not meet
the definition of scleroderma pattern) and
scleroderma pattern (giant capillaries,
hemorrhages, avascular areas) [28].

Five studies included in one system-
atic review attempted to identify a specif-
ic pattern of SLE based on the following
features: increased capillary loop length,
increased tortuosity, well visualized sub-
papillary plexus, dilated capillaries with-
out avascular areas.

In children, as in adults with SLE, cap-
illary changes predominantly consist of
abnormal capillary morphology and hem-
orrhages (up to 88% of patients with juve-
nile SLE). Dutch researchers noted that
the number of capillary hemorrhages cor-
relates with disease activity (according to
SLEDAI) [9, 31].

There are few published studies on
capillary abnormalities in juvenile der-
matomyositis. Dermatomyositis is an
autoimmune disease characterized by le-
sions of the transverse striated muscles
and skin. Dermatomyositis results from a
"humoral attack" against muscle capillar-
ies and small arterioles.

Researchers Garra V., Danese N., Re-
bella M. in their study recorded abnormal
capillaroscopy findings in 70% of patients
with dermatomyositis [16]. In more than
60%-80% of cases, the pattern is similar
to that in systemic scleroderma. Juve-
nile dermatomyositis (JDM) shows more
bush- like capillaries on capillaroscopy
compared to juvenile SSD [13].

The diagnosis of dermatomyositis re-
quires at least 2 of the following criteria:
megacapillaries, capillary loss, disorgani-
zation of the capillary array, bushy cap-
illaries, tortuous capillaries, and hemor-
rhages [12].

A large cross-sectional study including
58 patients reported capillary changes in
patients with JDM with a mean disease
duration of 16.8 years, comparing "ac-
tive" and "inactive" patients. In this study,
capillary density in JDM was significantly
lower than in healthy controls. Low cap-
illary density (mean 5.9 capillaries/mm)
and neovascular (late) pattern, more
common in "active" patients with JDM,
were associated with disease activity and
its cutaneous and muscular manifesta-
tions [8].

Both "active" (90%) and "inactive"
(78%) patients showed a capillaroscop-
ic picture of scleroderma, with late-onset
scleroderma observed in patients with
the active form of JDM [8].

According to K. Melsens et al., similar
changes to systemic scleroderma were
also found in juvenile dermatomyositis,

where the capillary density was 6.3 cap-
illaries/mm, and the number of dilated
capillaries reached 1.5/mm, with a great-
er number of abnormal capillary forms
(0.9/mm) [23].

Capillaroscopy can be used in
Sjogren's syndrome. Sjogren's syndrome
is a systemic autoimmune disease of un-
known etiology characterized by damage
to external secretion glands: primarily
lacrimal, salivary, sweat, and sebaceous
glands.

Approximately 30% of patients with
Sjogren's syndrome (SS) develop Ray-
naud's syndrome [18]. The study led by
Capobianco KG et al. included 40 pa-
tients with primary SS (16 with RS, 14
without RS and 10 with anticentromere
antibodies), 20 with scleroderma (con-
trol group) and 40 healthy subjects.
Patients with SS and RS had a higher
incidence of microvascular abnormali-
ties than patients without RS. Capillaro-
scopic signs of scleroderma were found
in 80% of patients with anticentromere
antibodies [10].

Another study by Spanish scientists
involved 136 patients with primary SS.
Capillaroscopy was normal in 41%, non-
specific changes were identified in 27%,
and a scleroderma pattern in 10% of the
subjects. In addition, changes on capil-
laroscopy were more common in patients
with SS and RS - 40% vs. 10% [26].

A study by Lercara A. showed that re-
duced capillary density is also observed
in patients with juvenile SS, and an as-
sociation between capillary hemorrhages
and low levels of the C3 fraction of com-
plement was found. Raynaud's syndrome
was observed in only 8% of patients in
this cohort, although the sample size was
quite small [21].

Capillaroscopy findings in antiphos-
pholipid syndrome (APS) are nonspecif-
ic, and a characteristic pattern has not
yet been defined [14]. The core of APS
is a non-inflammatory vasculopathy. In
the study by Alina Dima et al, capillary
diameter was significantly smaller in
patients with APS than in controls, al-
though no differences in capillary den-
sity and blood flow velocity were found.
Another study reported the presence of
symmetrical microhemorrhages on cap-
illaroscopy analysis, and these changes
were particularly significant in patients
with both IgG and IgM anticardiolipin
antibodies [12].

Schonenberg-Meinema D. et al. de-
scribe the following capillaroscopic find-
ings in juvenile idiopathic arthritis (JIA)
[32]:

- absence of pronounced struc-
tural changes in capillaries;

- possible presence of single di-
lated capillaries;

- moderate increase in capillary
network density;

- preservation of the general ar-
chitectonics of the capillary pattern.

Juvenile idiopathic arthritis is arthritis
of unspecified cause, lasting more than
6 weeks, developing in children under 16
years of age, when other joint pathology
is excluded (according to ILAR classifica-
tion) [20].

These changes may be more notice-
able during the active phase of the dis-
ease.

It is also worth noting that a "sclero-
derma-like" pattern is not seen in patients
with juvenile arthritis.

Thus, capillaroscopy is a promising
and feasible investigation in children be-
cause it is a simple, non-invasive, acces-
sible, easy to perform and easily repeat-
able procedure, and the best method to
evaluate microangiopathy [12].

In the future, the development of dig-
ital technologies and the introduction of
artificial intelligence (Al) will allow the
automation of capillary image analysis,
which will improve diagnostic accuracy
and expand the use of capillaroscopy in
clinical practice.

Steps are already being taken in this
direction, as reflected in an article de-
scribing the use of Al to evaluate capil-
laroscopy in patients with JDM[17].

Despite several advances in nail bed
capillaroscopy, the lack of uniformity in
its application remains a problem due to
differences in ethnic groups, types of de-
vices used, and parameters evaluated.

Nail lunula capillaroscopy is not al-
ways easy to perform in children, and
effective cooperation with the patient is
mandatory. Pediatric patients may re-
quire a longer time to develop trust and
more convincing reassurance that the
procedure will be painless.

Conclusion. Capillaroscopy is an
important diagnostic method, especially
in the context of rheumatologic system-
ic diseases. This type of diagnosis has
also found application in pediatric prac-
tice. The normal appearance of nail bed
capillaries in children is similar to that of
healthy adults, but there are a number of
differences, such as fewer capillary loops
per millimeter, greater visibility of the sub-
papillary venous plexus, and a greater
frequency of isolated hemorrhages and
atypical capillaries. These differences
should be considered when evaluating
the nail bed in children with rheumatolog-
ic diseases.

The capillaroscopy method can be
widely used in pediatrics due to its ad-



vantages — simplicity, non-invasiveness,
relatively low cost, and the possibility of
repeated examination. Despite its limita-
tions, this method continues to evolve,
offering physicians new opportunities
for diagnosing and monitoring diseases.
Modern technology will help improve the
accuracy and availability of capillarosco-
py in the future.

The authors declare that there is no
confiict of interest.
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Introduction. According to the Global
Burden of Disease study 2021, anxiety
and depressive disorders are common
in all age groups worldwide, and their
contribution to the overall disease burden
is increasing [8]. The underlying burden
of these diseases is measured in terms
of years lived with disability (YLD) and
disability-adjusted life-years (DALY). In
terms of YLD, depressive disorders were
the second most common and anxiety
disorders were the sixth most common
among all diseases in 2021. Age-stan-
dardized DALYs increased by 16.4%
for depressive disorders and 16.7% for
anxiety disorders between 2010 and
2021 (GBD, 2021) [7, 8]. The Republic of
Sakha (Yakutia) is a region with extreme
climatic conditions, where factors such
as cold, seasonal decrease in natural
light, insufficient level of socio-economic
development, and low quality of life con-
tribute to the development of stress, anxi-
ety and depression [2, 11-13]. To develop
effective strategies in the field of mental
health, it is necessary to assess the sit-
uation in different population groups,
which requires the use of reliable tools for
diagnosing these conditions. In this re-
gard, the aim of the study was to assess
the prevalence of depression and anxiety
disorders, as well as the psychometric
properties of the DASS 42 questionnaire

in population groups of the Republic of
Sakha (Yakutia).

Materials and methods. The analy-
sis included data from two groups of the
population aged 20 and older: employees
of ALROSA diamond mining company in
Mirny town - 252 people and residents
of the rural Churapchinsky and Tattinsky
districts of Republic of Sakha (Yakutia)
- 114 people, a total of 366 people (267
women and 99 men), examined accord-
ing to a single protocol. The question-
naire was filled out in paper form. One of
the sections of the program was an as-
sessment of the psychoemotional state
of respondents using the Depression,
Anxiety, and Stress Scale-42 (DASS-42).
DASS-42 contains three scales designed
to diagnose depression, anxiety, and
stress [9, 10]. The analysis also used the
Results of the 2020 All-Russian Popula-
tion Census [1].

Statistical data processing was carried
out using IBM SPSS Statistics, v.26 soft-
ware. Categorical variables are present-
ed as frequencies and percentage dis-
tribution in the format n (%), quantitative
variables as quartile distribution (Me (Q1-
Q3)). Pearson x2, Mann-Whitney, Krus-
kal-Wallis criteria were used to compare
groups. Spearman's rank correlation
analysis was used to assess the relation-
ship between quantitative or ordinal vari-
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ables. Cronbach's alpha was calculated Table 1
to assess the reliability of the test. Factor an’e
analysis was conducted using the princi-

- Scores and Internal Consistency of the DASS 42 Questionnaire
pal component method. The critical value

of the statlstlcf)al significance level (p) was Indicator | Women | Men | Both sexes | P
taken to be 5%. -

Results and discussion. Women Depression
and men were comparable in age, the Me (Q1; Q3) 4 (1-8) 2 (0-6) 4 (1-8) <0.001
median values and interquartile ranges of ;
age were 47 (41-58.5) years for men and Cronbach's Alpha 0.88 - 0.88 0.88
47 (38.5-61) years for women (p=0.896). Anxiety
Women were statistically significantly Me (Q1; Q3) 6 (3-11) 3(1-7) 5(2-10) <0.001
more likely to have higher scores on the )
three scales of the DASS 42 question- Cronbach's Alpha 0.84 0.85 085
naire (Table 1). Stress

An assessment of the distribution of Me (Q1; Q3) 9 (4-15) 4 (1-11) 8 (3-14) <0.001
the value of the total score for each of the Cronbach's Alpha 092 093 0.93

3 scales showed that symptoms of anxiety
of varying severity were detected in 34%,  Note. Data are presented as median (Me) and interquartile range (Q1; Q3). In Tables 1-2: p is
signs of depressive disorders in 17%, and  the achieved level of statistical significance of differences when comparing men and women.
stress in 24% of the respondents. The
high prevalence of anxiety, depression

and stress among residents of northern Table 2

territories than among residents of oth-

er latitudes has been confirmed in other Distribution of respondents by categories of the DASS 42 questionnaire scales
studies [2, 11-13]. This is associated with depending on gender
a complex of factors, such as climatic,
biological and socio-economic. For ex- Scores
ample, lack of sunlight and disruption of Sex Normal | Midl | Moderate | Severe | Extremely severe
circadian rhythms, vitamin D deficiency, Depression
limited opportunities for socialization and
physical activity, low quality of life, limit- Women 219(82.0) | 21(7.9) 20(7.5) 6(2.2) 1(0.4)
ed access to medical and psychological Men 85 (85.9) 9.1 3(3.0) 2(2.0) 0(0.0)
care, stress due to changes in traditional Both sexes | 304 (83.1) 30(8.2) 23 (6.3) 8(2.2) 1(0.3)
lifestyles, social transformations, sleep P 0.569
disorders, and others [2, 11-13]. Anxicty
Distribution by gender showed signs

of depressive disorders in 18% of wom- Women 159 (59.6) 23 (8.6) 54 (20.2) 19 (7.1) 12 (4.5)
en and 14% of men (p = 0.385), anxiety Men 81 (81.8) 7(1.1) 5(6.1) 6(6.1) 0(0.0)
symptoms in 40% of women and 18% of Both sexes | 240 (65.6) 30(8.2) 59 (16.1) 25(6.8) 12 (3.3)
men (p <0.001), stress in 28 and 13%, re- p <0.001
spectively (p = 0.003). Table 2 shows the Stress

istribution of r nden h ver-
e aerie ) v [ Womn | 02019 | 220 | 51006 | 964 | 5000
no statistically significant differences in Men 86 (86.9) 90.1) 33609 0(0.0) 1(1.0)
the frequency of severe (severe and very Both sexes | 278 (76.0) | 41 (11.2) 34 (9.3) 9(2.5) 4(1.1)
severe) disorders were found between p 0.019

men and women. Overall, 43% of women
and 21% of men (p <0.001) have signs of  Note: Data are presented as n (%).
either depression or anxiety, with stress

symptoms observed in 28% and 13%, re- -
spectively (p=0.003). Table 3

Numerous studies in different coun-
tries and cultures have shown a high fre-
quency of depression indicators among

Correlations between the scales of the DASS 42 questionnaire

women [4, 8]. This was also noted in the Scale Age Depression Anxiety Stress
Yakut population by other researchers Depression r -0.14 1 0.77 0.78
[3]. The reasons for these differences p 0.006 <0.001 <0.001
continue to be studied in the context of . r -0.14 0.77 0.76
the influence of social attitudes, changes Anxiety P 0.009 <0.001 ! <0.001
in ovarian hormone levels, etc. [4].
The scores of the three scales of the Stress L 019 0.78 0.76 1

questionnaire showed a weak negative p <0.001 <0.001 <0.001

correlation with the age Of. the respon-  Note: In Table 3-4: r is the value of the Spearman correlation coefficient, p is the significance
dents (Table 3). Comparison of age level of the correlation coefficient.
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groups did not reveal statistically sig-
nificant differences in the scores of the
scales and the frequency of pathological
emotional states.

A strong positive correlation of 0.76—
0.78 was observed between the scores
of the scales of the questionnaire.

The psychometric properties of ques-
tionnaires include reliability, validity, and
sensitivity to change. The format of this
study allows us to study reliability in the
form of internal consistency and con-
struct validity of the questionnaire. Cron-
bach's alpha was calculated to check the
internal consistency of the test. When in-
cluding all 42 questions, the Cronbach's
alpha value in the group as a whole was
0.95 (0.95 for women, 0.96 for men), in-
dicating a high degree of consistency of
the characteristics describing the object.
In a similar analysis within each of the 3
scales, Cronbach's alpha was 0.88 for
depression, 0.85 for anxiety, and 0.93 for
stress (Table 1).

To test the validity of the original sub-
scales, a factor analysis was performed
using the principal component method;
the Varimax method with Kaiser normal-
ization was used to rotate the factors.
The suitability of the original data for
factor analysis was determined by the
Kaiser-Meyer-Olkin (KMO) test value,
which was 0.94. The three-factor solu-
tion contained 48% of the total variance,
and the four-factor solution accounted
for 52%.

To assess the construct validity of the
DASS 42 questionnaire, an analysis of
the correlations between the question-
naire scale scores and external criteria
was performed, which were questions
on the frequency of sleep disorders (Ta-
ble 4). These questions had the following
wording:

1. How often over the past 4 weeks
have you had problems falling asleep?

2. How often over the past 4 weeks
have you had frequent awakenings
during the night?

3. How often over the past 4 weeks
have you woken up too early in the morn-
ing?

Respondents assessed their condition
using the following gradations: “Never” -
1; “Sometimes” - 2; “Often” - 3; “Almost
always” - 4; “Constantly” - 5.

The choice of sleep disorders for
studying the construct validity of the
questionnaire was due to the information
about the two-way relationship between
sleep disorders and depression, anxiety
disorders. Just as depression (anxiety)
can lead to insomnia, so insomnia can
lead to depression and anxiety. 90% of
patients with depression and 50% of peo-

Table 4

Correlations between the scores of the DASS 42 questionnaire scales
and external criteria

External criteria
Scale Frequency Frequency of frequent Frequency
of problems with awakenings during | of waking up too early
falling asleep the night in the morning

N 365 364 363
Depression r 0.251 0.194 0.087
p <0.001 <0.001 0.100

N 365 364 363
Anxiety r 0.285 0.265 0.191
p <0.001 <0.001 <0.001

N 365 364 363
Stress r 0.221 0.196 0.087
p <0.001 <0.001 0.097

Table 5

Agreement rates between the DASS 42 questionnaire scale scores in 2 groups

Seale Groupe 1:employess | oo Churapehinsky
> and Tattinsky districts
The share of people for whom
according to the 2020 Al Ruseian 78.8% 0.27-0.58%
Population Census
Cronbach's Alpha
Depression 0.89 0.88
Anxiety 0.84 0.87
Stress 0.93 0.93
All questions of the questionnaire 0.96 0.95

ple with anxiety complain of sleep disor-
ders [5, 6].

The analysis showed that depression
scores positively correlate with the fre-
quency of disorders for questions 1 and
2 (Table 4). Anxiety correlated with the
frequency of all three types of sleep dis-
orders. Stress scores showed the same
correlation as depression.

In addition to the gender and age as-
pects, this study assessed the cross-cul-
tural aspect of the Russian-language
version of the questionnaire. The group
of workers from the Mirny district (group
1) represents the urban population, and
residents of the Churapchinsky and Tat-
tinsky districts represent the rural popu-
lation (group 2). According to the 2020
All-Russian Population Survey, among
those who indicated their native lan-
guage, Russian was indicated as their
native language by 78.8% in the Mirny
district. In the Tattinsky district, it was
0.58%, and in the Churapchinsky district,

it was 0.27% [1]. The analysis did not
reveal statistically significant differences
in the frequency of depression, anxiety,
and stress between the groups (p> 0.05).
At the same time, it cannot be ruled out
that there may be some differences in
the perception of the questions related
to belonging to different cultures. In this
regard, the internal consistency of the
questionnaire as a whole, as well as the
questions of individual scales, was stud-
ied in these groups. The analysis showed
that Cronbach's alpha showed high con-
sistency in both groups and showed virtu-
ally no differences (Table 5).
Conclusion. Thus, our study of the
groups of urban and rural population of
the Republic of Sakha (Yakutia) using
the DASS-42 questionnaire revealed
symptoms of anxiety of varying severity
in 34%, signs of depressive disorders - in
17%, stress - in 24% of respondents. At
the same time, women were character-
ized by higher scores on all scales of the



DASS 42 questionnaire than men, and
a higher frequency of anxiety (40 and
18%, respectively, p <0.001) and signs
of stress (28 and 13%, respectively, p =
0.003). The analysis did not reveal a sta-
tistically significant dependence of scale
scores and the frequency of psychoemo-
tional disorders on age and place of res-
idence. The identified high frequency of
pathological emotional states requires
further research. The questionnaire
showed reliability and construct validity,
the absence of cross-cultural differences
in the perception of test questions among
different groups of the population of the
Republic of Sakha (Yakutia). The results
of the study of the psychometric charac-
teristics of the DASS-42 questionnaire
indicate the possibility of its use as a tool
for screening depression, anxiety and
stress among the population of Yakutia.

The study was conducted within the
framework of the basic part of the state
assignment of the Ministry of Science
and Higher Education of the Russian
Federation on the topic "Genetic char-
acteristics of the population of the North-
East of Russia: reconstruction of genetic
history, mechanisms of adaptation and
aging, age-related and hereditary diseas-
es" (project FSRG-2023-0003).
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FATTY LIVER DISEASE AS A RISK FACTOR
FOR HEMOSTASIS DISORDERS

IN PATIENTS WITH COVID-19

Purpose of the study: To study the association of GERD with hemostasis disorders in COVID-19.

Methods: A retrospective analysis of the results of 760 autopsies in 2021 was conducted. The studies were conducted at the pathology de-
partment of the State Budgetary Healthcare Institution Irkutsk Regional Clinical Hospital of the Order of the Badge of Honor. The analysis of the
obtained data was carried out in the Statistica 13 program.

Object of the study: medical documentation - "Act of pathological anatomical autopsy". Results: A retrospective analysis of 760 autopsies of
patients with COVID-19 performed in 2021 was carried out. There were 370 men (49%), age 66 [57.0; 74.0]; 390 women (51%), age 68.5 [60.0;
76.0], women were significantly older than men (p = 0.015). Hemostasis disorders were detected in 227 (30%) cases, age 68 [59.0; 76.0]. There
were 122 men (54%); women 105 (46%). p=0.015

Conclusions: 1) Hemostasis disorders were detected in 30% of those who died from COVID-19. 2) FLD was more common (19%) in those
who died from COVID-19 and had hemostasis disorders than in those who died from COVID-19
without hemostasis disorders (12%) p = 0.019 3) PE was detected in 15% of those who died
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from COVID-19.

4) The risk of developing hemostasis disorders in those who died from COVID-19 and had
FLD is 1.4 times higher than in those who did not have FLD, and the risk of developing PE is 1.7
times higher. The obtained results may indicate an association of GBP with hemostatic disorders

in COVID-19
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Introduction. Non-alcoholic fatty liv-
er disease (NAFLD) is the most com-
mon liver disease in all countries, with
a prevalence of 20-30% and continuing
to increase [1]. Considering that it is far
from always possible to clearly define the
etiological factor in the development of
fatty liver disease, and morphologically
alcoholic and non-alcoholic fatty liver dis-
eases are indistinguishable, many scien-
tists use the term "fatty liver disease" or
steatous liver disease [2].

In 2020, an international expert con-
sensus statement was published propos-
ing a new adaptive concept — MBD: Met-
abolic (dysfunction) associated fatty liver
disease. The proposed interpretation of
the disease makes it possible not only to
emphasize the systemic and multifactori-
al pathogenesis of a unified lesion of the
hepatic parenchyma (for example, the
combination of dysmetabolic and alimen-
tary-toxic), but also to personalize the
scope and directions of therapeutic and
diagnostic care for various clinical vari-
ants of CKD-associated comorbidity [13].
However, the 2024 clinical guidelines use
the concept of non-alcoholic fatty liver
disease.

The prevalence of CKD increases
the interest of scientists in the study of
pathology, which is accompanied by an
annual increase in the number of publica-
tions on this topic. So, only on the pages
of the PubMed electronic medical library
for the period from 2000 to 2023, there
are 38,854 publications on the request of
"nonalcoolic fatty liver disease", of which
4,678 were published in 2023.

It has been observed and proven that
NAFLD is associated with a lower life
expectancy, the main cause of which is
mortality from cardiovascular diseases,
which has aroused the interest of cardi-
ologists in this pathology [1, 3].

There is a link between CKD and
the development of cardiovascular pa-
thology, and one of the most important
pathophysiological links is endothelial
dysfunction (ED) [4]. It was found that the
incidence of ED among patients with ste-
atosis and steatohepatitis reaches 77%
and 82%, respectively [5].

One of the basic mechanisms of en-
dothelial dysfunction is a change in the
synthesis and release of endothelial ni-
tric oxide (NO), one of the most important
regulators of the endothelial-vasal sys-
tem. The leading cause of NO deficien-
cy is considered to be the destruction or
capture of NO by free radicals. The ex-
cessive formation of free radicals, which
disrupt the endothelium-dependent relax-
ation of blood vessels and enhance the
contractile reactions of smooth muscle,

is triggered by the activation of chemi-
cal reactions, including lipid peroxidation
(POL). At the same time, the formed POL
products: malondialdehyde and 4-hy-
droxynonenal, trigger the formation of
collagen, but already in the walls of blood
vessels [6].

In the period from 2020 to the present,
with the advent of the new COVID-19
coronavirus infection, which was charac-
terized by a pandemic and was accom-
panied by high mortality, it was noted
that a significant proportion of adverse
outcomes were due to a catastrophe in
the hemostatic system, including cere-
bral, coronary and mesenteric vascular
thrombosis, one of the links in the patho-
genesis of which is endothelial dysfunc-
tion. Scientific publications around the
world report an increase in the incidence
of pulmonary embolism (PE) among
intensive care patients. In particular,
it was shown that in 2020, during the
COVID-19 pandemic, the incidence of
PE among intensive care patients was
20.6%, which was more than three times
higher than the number of similar cases
in 2019 - 6.1% [7].

The suspected cause of vascular
thrombosis in patients with COVID-19
is direct damage to the endothelium by
the virus. The involvement of the inter-
cellular substance in the inflammatory
process and the subsequent effect on the
subendothelial matrix containing tissue
factor (TF) and collagen causes activa-
tion of the coagulation cascade along the
external pathway. The effect of TF and
collagen leads to the formation of throm-
bin and the conversion of fibrinogen into
fibrin, which, together with platelet aggre-
gates, forms blood clots [8].

The above proves that the mecha-
nisms of hemorrhagic and thrombotic
complications, including PE, in patients
suffering from a new coronavirus infec-
tion have not been sufficiently studied
and proven, the severity of the problem
cannot be underestimated and research
in this direction is actively continuing.

However, we were unable to find infor-
mation on how susceptible hemorrhagic
and thrombotic complications are in pa-
tients with CKD and COVID-19.

The aim of the study was to study the
effect of CBP on hemostasis disorders in
COVID-19.

Materials and methods. In order to
study the association of fatty liver dis-
ease with hemostasis disorders in pa-
tients with COVID-19, a retrospective
analysis of the results of 760 autopsies
performed in 2021 at the Irkutsk Regional
Bureau of Forensic Medical Examination
was conducted. The concept of NAFLD

was used in connection with the impos-
sibility of differential diagnosis of NAFLD
and ABP according to liver histology and
insufficient anamnestic data.

The object of the study was medical
documentation — the "Act of pathoana-
tomic autopsy", on the basis of which the
causes of death, histological data of liver
and cardiovascular system damage (ves-
sels and myocardial condition) in people
who died from COVID-19 were studied.

Inclusion criteria: the presence in
the protocols of data on the morpholog-
ical examination of the liver and heart
muscle, blood vessels, a positive test for
COVID-19.

Exclusion criteria: incomplete infor-
mation about age, cause of death, and
age under 17.

Statistical analysis of the obtained
data was performed in the Statistica 13
for Windows program. The data in the
groups were processed using classi-
cal methods for biomedical work using
parametric and nonparametric statistical
criteria (Student's t-test, Mann-Whitney
U-test, Fisher's @-test, x2). To calculate
the relative risk, a four-field conjugacy
table was also constructed based on the
number of subjects with certain values
of factorial and performance character-
istics.

The boundaries of the confidence in-
terval were calculated - 95% CI. The val-
ues of relative risk and the boundaries of
the confidence interval were compared
with unity.

Results. A rating analysis of 760 cas-
es of COVID-19 infection in 2021 has
been published. Male 370 (49%), age
66.0 [57.0; 74.0]; female 390 (51%), age
of COVID-19 68.5 [60.0; 76.0], wom-
en were significantly older than men
(p=0.015).

TBP was detected in 106 (14%) cases,
men were 59 (57%), 47 (43%) women.
Cardiovascular pathology and CKD were
detected in 51 (48%) cases, of which hy-
pertension accounted for 29 (57%), CHD
— 24 (49%), PIC — 10 (21%), ONCC in 3
cases (6%), type 2 diabetes mellitus - 7
(17%) cases (Figure).

Hemostasis disorders among all those
who died from COVID-19 were detect-
ed in 227 (30%) cases, age 68.0 [59.0;
76.0]. In men, hemostasis disorders were
significantly more common than in wom-
en in 122 cases and 105, respectively
(p=0.015).

Hemostasis disorders had the follow-
ing manifestations: mesenteric thrombo-
sis — 12 (2%); deep vein thrombosis of
the lower extremities - 28(4%); ischemic
stroke — 14 (2%); PE — 100 (13%); DIC
syndrome -73 (10%).
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Overweight and obesity among all
those who died from COVID-19 (n=760)
were detected in 232 (31%) cases, and
among those with hemostasis disorders
(n=227) in 65 (29%) cases. There were
no significant differences in the incidence
of obesity among those who died from
COVID-19 (depending on the presence
or absence of hemorrhagic complica-
tions) (p=0.47).

Among those who died from COVID-19
with hemostasis disorders (n=227), CKD
was more common in 42 (19%) than
among non- of those who had (n=532)
64 (12%). The differences are significant
(p=0.019).

To confirm the association of fatty liver
changes with the development of hemo-
stasis disorders, the relative risk was cal-
culated (Table 1).

Calculations show that CKD is as-
sociated with impaired hemostasis in
COVID-19. The risk of developing hemo-
stasis disorders in the group of COVID-19
patients with PD is 1.4 times higher than
in the group without PD.

When hemostasis was impaired in
people with CKD and COVID-19 (n=106),
PE was most common - in 24% (25) of
cases, which is significantly more com-
mon than in people without CKD - in 14%
(106) (p<0.05) (Table 2).

To confirm the association of CKD with
PE in patients with COVID-19, the rela-
tive risk was calculated (Table 3).

Calculations have shown that RBP is
associated with the development of PE in
COVID-19. The presence of CKD in peo-
ple with COVID-19 increases the risk of
PE by 1.7 times.

Discussion: Currently, the incidence
of CKD is pandemic and has a high prev-
alence. The liver plays a central role in

metabolism and detoxification, as well
as in protein synthesis, including coag-
ulation factors. Endothelial dysfunction
can affect the blood supply to the liver,
exacerbating existing diseases. It is
known that changes in liver function are
observed in COVID-19, which may be
associated with high levels of inflamma-
tory cytokines, cytolytic effects, as well as
microcirculation disorders. This can lead
to increased levels of transaminases in
the blood and more serious conditions
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such as acute liver damage. In addition,
against the background of COVID-19,
some patients have disorders in the he-
mostasis system [15].

There are many factors that can con-
tribute to a hypercoagulable condition in
patients with COVID-19. The main one
is endothelial dysfunction, since damage
to endothelial cells excessively activates
platelets and the coagulation system [10].

As a result of our study, 30% (227)
of those who died from COVID-19 had
hemostasis disorders, which were more
common in men (54% (122 cases) than
in women (46% (105 cases)). Hemo-
stasis disorders had the following man-
ifestations: mesenteric thrombosis — 12
(2%); deep vein thrombosis of the lower
extremities - 28 (4%); ischemic stroke —
14 (2%); PE — 100 (13%); DIC-73 (10%).

The predominance of these hemo-
stasis disorders among men may be
explained by lower levels of estrogens,
which are known to have a protective ef-
fect on the endothelium (through genom-
ic and non-genomic mechanisms) [15].

Accordingly, this contributes to a
greater susceptibility to endothelial dam-
age and activation of the calycrein-kinin
system. In addition, activation in the he-
mostasis system predisposes a higher
level of testosterone [15].

Previously, the association of endo-
thelial damage with the risk of acute car-

Table 1

Relative risk of developing hemostasis disorders associated with fatty changes
in the liver

Violation of hemostasis

There are no hemostasis

error of relative risk (S)

disorders
FLD 42(40%) 64(60%)
No FLD 185(28%) 469(72%)
The frequency difference is statistically significant p<0.05
T 95%
Relative risk (RR) + standard 1.4+0.13 1.0-18

Table 2

Association of fatty liver disease with conditions associated with hemostasis disorders

FLD (n=106) No FLD (n=654) p
Mesenteric thrombosis 3(3%) 9(1%) 0.26
Deep vein thrombosis 4(4%) 24(4%) 0.95
Ischemic stroke 0(0%) 14(2%) -
PE 25(24%) 91(14%) 0.011*
DIC syndrome 13(12%) 60(9%) 0.32

Note: p is the Chi-Square criterion, *- significant differences of p<0.05
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Table 3

Relative risk of pulmonary embolism associated with fatty liver disease

PE No PE
FLD (n=106) 25 (24) 81 (76)
No FLD (n=653) 91 (14) 562 (86)

The frequency difference is statistically significant p=0.011

IV 95%

Relative risk (RR) + standard
error of relative risk (S)

1.7+0.2 1.1-2.5

diovascular disasters has been proven,
so the relative risk of death from CVD in
men with CVD is 1.4 times higher than in
women [16], which places the male sex
as a risk factor for vascular damage.

We found that acute cardiovascular
disasters associated with hemostasis
disorders in COVID-19 deaths were 1.4
times more common among people with
CKD than without it, 19% (42) and 12%
(64), respectively (p = 0.019). And the
risk of PE in patients with fatty liver dis-
ease is 1.7 times higher.

Based on the results of our study,
we concluded that CKD significantly in-
creases the risk of dysfunction in the he-
mostatic system and, as a result, acute
vascular catastrophes such as PE, ve-
nous thrombosis and mesenteric throm-
bosis in patients with COVID-19. This is
confirmed by other studies that report
both prothrombotic and hypofibrinolytic
changes in the blood coagulation system
in patients with CKD [15]. The research-
ers point to an increase in the level of
blood coagulation factor (VIII) and an
inhibitor of plasminogen activator-1, the
most important regulator of the fibrinolyt-
ic system, as well as a decrease in the
level of natural anticoagulants — proteins
S and C. Studies of dynamic coagulation
analysis, including thromboelastometry
and thrombin generation, have confirmed
the theory of prothrombotic imbalance in
CKD, as well as the presence of more
hemostatically active immature platelets,
as evidenced by an increased average
platelet volume [11]. These pathogenetic
links cause hemostasis disorders in pa-
tients with CKD, and when infected with
COVID-19, changes in the hemostasis
system are aggravated, which causes an
increased risk of thrombosis and throm-
boembolism.

Also, in such studies, the results were
presented when COVID-19 infection
worsens the course of CKD, manifested
by increased activity of liver enzymes
(AST, ALT, GGT), the severity of which
varies from minor to moderate. It was

found that liver dysfunction, determined
by changes in the level of liver enzymes
and albumin, was detected in 43% of pa-
tients with CKD and COVID-19 [12].

From the above, it can be concluded
that liver damage can be considered as
an independent predictor of higher mor-
tality in patients with COVID-19.

Conclusions: Hemostasis disorders
were found in 30% of those who died
from COVID-19. CKD was more common
(19%) in those who died from COVID-19
and had a hemostasis disorder than in
those who died from COVID-19 without
a hemostasis disorder (12%) (p = 0.019).
Hemostasis disorders were more com-
mon in men (54%) than in women (46%)
(p=0.015). In 24% of those who died from
COVID-19 and had a concomitant dis-
ease with TB, the cause of death was PE.
The risk of developing hemostasis disor-
ders in those who died from COVID-19
and had CKD is 1.4 times higher than in
those who did not have CKD, and the risk
of developing PE in this group of patients
is 1.7 times higher.

Conclusion: Fatty liver disease is a
significant risk factor for hemostasis dis-
orders in patients with COVID-19. Stud-
ies show that the presence of CKD is
associated with dysregulation of inflam-
matory processes, which can significant-
ly increase the likelihood of thrombosis.

Patients with CKD have elevated lev-
els of pro-inflammatory cytokines, which
can lead to platelet activation and de-
creased anticoagulant activity. These
changes in hemostasis can be aggra-
vated by concomitant diseases such as
cardiovascular pathologies, which further
increases the risks.

Therefore, it is important to carry out
early diagnosis and regular monitoring of
hemostasis in patients with CKD infected
with COVID-19, as well as to apply indi-
vidualized treatment approaches in order
to minimize the risks of thrombosis and
improve clinical outcomes. In the future, it
is necessary to continue research in this
area, which will allow for a deeper under-

standing of the mechanisms of interac-
tion between TBD and COVID-19 in the
context of hemostasis.
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Introduction. Rheumatic chorea (syn.
Sydenham's chorea, minor chorea) is a
post-streptococcal immune-mediated in-
flammatory neuropsychiatric movement
disorder. The disease has been known
since the Middle Ages and was called
“St. Vitus' dance” at the beginning of ob-
servation. In 1686 Thomas Sydenham
described “a kind of convulsion which af-
fects boys and girls from the tenth year of
life to puberty”. Sydenham's chorea, is a
great diagnostic criterion for acute rheu-
matic fever (ARF). It debuts between 5
and 15 years of age, with a peak at 8-9
years of age [12], girls are more com-
monly affected [4,5,9].

Rheumatic chorea is an inflammato-
ry postinfectious lesion of the CNS that
occurs 4-8 weeks after a streptococcal
infection, predominantly pharyngitis. Typ-
ically, bilateral involvement is noted, but
approximately 20% of patients have he-
michorea. The disease is a consequence
of an autoimmune reaction following in-
fection with “ group A B-hemolytic strep-
tococcus” (GABHS). The phenomenon of
molecular mimicry is thought to underlie
the pathogenesis of the disease. After
frequent macroorganism contacts with
GABHS, predisposed individuals develop

autoreactive lymphocytes and antibod-
ies directed against epitopes of group A
B-hemolytic streptococcus that cross-re-
act with human cells [8]. This cross-reac-
tive immune reaction explains the hetero-
geneity of the symptoms of ARF, which is
usually manifested by skin lesions (sub-
cutaneous nodules, erythema annulare),
joint pain, fever, and cardiac involvement
(myocarditis, transient atrio-ventricular
block, heart valve endocarditis).

The clinical picture is composed of
choreic hyperkinesis, muscle hypotonia
(up to imitation of paralysis), disorders
of statics and coordination, vascular dys-
tonia, emotional lability, and psychiatric
disorders. The duration of the attack is
3-6 months, residual phenomena can be
observed for a year.

The Jones criteria [3] are used to di-
agnose acute rheumatic fever (Table 1).

Differential diagnosis. The most dif-
ficult cases to diagnose are cases of
isolated minor chorea. The circle of dif-
ferential diagnosis includes PANDAS,
obsessive-compulsive syndrome, tran-
sient tics, autoimmune encephalitis, sys-
temic autoimmune diseases (systemic
lupus erythematosus, antiphospholipid
syndrome), primary angiitis of the central



. YAKUT MEDICAL JOURNAL

nervous system, Wilson-Konowalow dis-
ease [1].

The methods of treatment can be di-
vided into three main groups: antibiotic
therapy, symptomatic therapy and immu-
nomodulatory therapy. Antibiotic therapy
and antibiotic prophylaxis is currently
the most studied method of treatment.
Penicillin antibiotics are most common-
ly used; in case of penicillin intolerance,
macrolides are used. Immunomodulato-
ry therapy is used in severe and refrac-
tory cases, as well as in patients with
severe side effects from symptomatic
therapy [13,14] to shorten the duration
of the disease and prevent complications
[6,7]. There are different regimens for the
use of glucocorticosteroids. For exam-
ple, Fusco et al, suggested intravenous
methylprednisolone for 5 days (25 mg/
kg per day) followed by oral therapy with
deflazacortin for 3 months (0.9 mg/kg per
day) [2]. Paz et al. applied prednisolone
(2 mg/kg/day, maximum dose 60 mg/day)
[10]. Intravenous immunoglobulin and
plasmapheresis are used as second-line
therapy [11,12]. Anti-epileptic drugs, tran-
quilizers, and neuroleptics are used to
control hyperkinesis [15] (Fig. 1)).

To provide a clinical case of rheu-
matic chorea with cardiac involvement
in a 13 year old child is described be-
low as a demonstration. The child,
13 years old, of Sakha nationality, was
admitted on October 9, 2024 to the Re-
ception and Diagnostic Department of
the Pediatric Center of the Pediatric
Center of the Republican Hospital No.
1-NCoM named after M.E. Nikolaev with
complaints of: involuntary movement of
the limbs, which the child cannot con-
trol, unable to hold objects (a spoon, a
cup), slow response to speech, irritabil-
ity, staring, speech disorders (speech is
unintelligible), rapid fatigue, pain in the
heart area, poor sleep, excessive tearful-
ness. Not only the writing abilities were
disturbed in the girl, the child could not
sit, stand. In the last 3 days bulbar disor-
ders appeared - water was pouring out of
the mouth, she could not swallow, did not
eat, almost did not drink.

From the medical history: according to
data reported by her mother, the girl has
been suffering from frequent purulent sore
throats since the age of 2 years, the last
one was at the end of August 2024 with
outpatient treatment. Since 10.09.2024
arthralgias appeared in the area of the
right hand, legs, knee joints. After 4 days,
swelling of the wrist joint appeared, in
connection with which they applied to the
district hospital. On 16.09.2024 she was
examined by a neurologist, neurological
disorders were excluded, reactive arthri-

tis was diagnosed, nimesulide, pentox-
ifylline, amoxiclav were prescribed. De-
spite the therapy, arthralgias persisted,
cough was added. From 30.09.2024 to
07.10.2024 with the diagnosis of acute
bronchitis the girl received inpatient treat-
ment in the children's department of the
district hospital, where periodic uncon-
trolled, chaotic movements of the upper
and lower limbs more on the right side
were observed. According to the girl's
statements, the compulsive movements
occurred by themselves. Antibacterial
(ceftriaxone), antiviral therapy, expecto-
rant medications were carried out. The
joint syndrome was eliminated. Despite
the persistence of severe neurological
symptoms and psychoemotional instabil-
ity, the girl was discharged home.

After discharge from the hospital,
the mother noticed that the child's hy-
perkinesias became more frequent and
intensified. Due to the worsening of the
condition, the parents applied to the dis-
trict hospital again. On 08.10.2024, the
girl was examined by a district neurolo-
gist and re-hospitalized to the children's
department of the district hospital with a
preliminary diagnosis of minor chorea.
The pediatrician consulted the rheuma-
tologist of the cardio-rheumatology de-
partment of the PC, who recommended
urgent hospitalization in the department.
She was urgently delivered by air ambu-
lance to the cardio-rheumatology depart-
ment of the PC.

Past medical history: Child from
the 1st pregnancy, without patholo-
gy. Delivery was on time, independent.
Birth weight was 3270 g, body length
was 52 cm. Past diseases were acute
respiratory viral infections, acute respi-
ratory infections, chickenpox. Since 2
years purulent sore throats were up to 5
times a year, in 2024 they were almost
monthly. Hereditary factor: mother is 34
years old, healthy, father is 37 years old,
healthy. On the father's line: rheumatism
in a native aunt. Allergologic anamnesis:
food allergy - plum, apple, nectarine - of
Quincke's edema type.

On admission: Height of 151 cm,
weight of 47 kg, HR of 18 per min, satura-
tion of 98%, HR of 108 beats per min, BP
of 99/52 mm Hg. The condition was se-
vere. The well-being was disturbed due
to chaotic movements of the limbs, which
the child did not control. Consciousness
was clear, position in bed: constantly on
the move. On examination she respond-
ed adequately, calmly. Not speaking, be-
cause the language “did not obey”. Ap-
petite was reduced, she was not able to
eat. Sleep was restless. In the neurologic
status there were choreic storm, bulbar

disorders. The physique was normos-
thenic. The musculoskeletal system was
visually unchanged. Skin covers were
flesh-colored, moderately moist, clean.
Turgor of tissues was preserved. Cyano-
sis was absent. No edema. The mucous
membranes were pink, moist, clean. The
conjunctiva of the eyes was pale pink.
Tears were present. The pharynx was
not hyperemic. Palatine tonsils without
plaque, scarred. Subcutaneous fatty tis-
sue was moderately expressed, evenly
distributed. Peripheral lymph nodes were
not enlarged. Nasal breathing was free,
without discharge. Auscultatory respira-
tion was even, vesicular, no wheezing in
all fields. Percutaneously the borders of
the heart were not changed. Auscultating
heart tones were clear, rhythmic, there
were no coarse noises. The tongue was
clean, moist. The abdomen was not en-
larged, soft on palpation, accessible to
deep palpation, painless. The liver on the
edge of the rib arch. Spleen was not en-
larged. The stool was formed. The area
of the kidney projection was not external-
ly changed, the symptom of effleurage
was negative on both sides. Urination
was free, painless. Urine was light-col-
ored, transparent. There were no menin-
geal signs, focal neurological symptoms.

Neurological status: Consciousness
was clear. During examination involun-
tary movements of eyeballs: rotation, in-
voluntary sprawling movements of arms,
legs, twitching of shoulders. Hyperkinesis
increased with verticalization. Frequent-
ly changing postures. Pupils of rounded
shape, equal. Photoreaction was lively.
Eye slits were equal. The volume of eye-
ball movements was full, there was no
nystagmus. The face was symmetrical.
Tongue tip straight. (-) ROA. Muscle tone
in the limbs was diffusely reduced. No
paresis. Tendon reflexes from the limbs
were alive, D=S. No pathologic or menin-
geal signs. Sensitivity was not disturbed.
In Romberg's test she staggered. Ticotic
hyperkinesis was widespread - chorea.

Paraclinically:

In the general blood test there was leu-
kocytosis and acceleration of COE up to
29.00 mm/h. Biochemical blood test from
09.10.2024: hyperproteinemia, hypoal-
buminemia, C-Reactive protein - 1.18
mg/l (0.00 - 10.00). Antistreptolysin-O
level - 1522.20 IU/mL (0.00 - 200.00) on
30.09.2024 (Table 2).

ECG from 09.10.24: sinus rhythm.

Echocardiography from 10.10.24: AV
insufficiency of 1 degree, MV 1-2 degrees,
TV 1 degree. Ectopic attachment of MV
chords. Heart cavities are not dilated.
EF 69%. Splitting of pericardial sheets.
Echocardiography dated 28.10.2024: AV



Table 1

The modified Jones criteria for the diagnosis of rheumatic fever

A. Evidence of prior GABHS infection of the pharynx for all patient groups

Primary ARF

2 major criteria or 1 major plus
2 minor criteria

Recurrent ARF (with a history of verified
AREF or existing chronic rheumatic heart
disease)

2 major criteria or 1 major plus
2 minor criteria or 3 minor criteria

B. Major criteria

Low risk populations

Moderate or high risk populations

Carditis clinical and/or subclinical

Arthritis

Polyarthritis

Monoarthritis or polyarthritis
Polyarthralgia

Chorea

Ring-shaped erythema

Rheumatic nodules

C. Minor criteria

Low-risk populations

Moderate or high risk populations

Polyarthralgia

Monoarthralgia

Fever (>38,50C)

Fever (=38,000)

Erythrocyte sedimentation rate (ESR) >
60mm/h
and/or C-reactive protein > 30 mg/1

ESR > 30 mm/h
and/or C-reactive protein > 30 mg/1

Age-adjusted PR interval prolongation on ECG (if carditis is a major criterion)

insufficiency of 1-2 degree. Regurgitation
on PA valve of 1 degree, on TV of 1 de-
gree. Additional trabeculae in the LV cav-
ity. Heart cavities are not dilated. Ejection
fraction 71%.

MRI of the brain from 09.10.24: Topo-
graphic position of anatomical structures
of cranio-vertebral transition is not dis-
turbed. The middle structures of the brain
are not displaced. In the frontal and pa-
rietal lobes on both sides subcortically,
periventricularly there are foci of gliosis
up to 3 mm in size. No changes in sig-
nal intensity from internal capsules, basal
ganglia, thalamus were noted. The cor-
pus callosum is of normal thickness and
signal intensity. Brainstem and cerebel-
lum have usual configuration and signal
intensity. In diffusion mode at b=1000
no zones of acute ischemia or edema in
brain structures were noted. The ventric-
ular system is not dilated. Lateral ventri-
cles are symmetrical. lll and IV ventricles
along the midline. There is no periven-
tricular edema. Subarachnoidal convex-
ital, cisternal spaces are not dilated. The
pituitary gland is of normal size, its con-
tours are smooth, clear, its structure is
not changed. Pituitary pedicle along the
midline. Chiasma and suprasellar cistern
without features. Internal auditory canals
are symmetrical, normal width on both

sides. No pathologic formations were
found in the area of the pontine cerebel-
lar cisterns. Thickening of the mucosa of
the maxillary sinuses on both sides, cells
of the lattice labyrinth. The structure of
orbits is not changed.

The cervical spine and spinal cord
were imaged on a series of tomograms.
Physiologic lordosis was preserved. The
shape and structure of the cervical ver-
tebral bodies were unchanged, and the
relationship between the C1 and C2 ver-
tebrae was intact. No pathologic chang-
es in the signal intensity from the bone
marrow of the vertebral bodies and para-
vertebral soft tissues were detected. The

Immunomodulatory therapy
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signal intensity from the intervertebral
discs was not changed. The interverte-
bral discs did not protrude beyond the
dorsal surface of the vertebral bodies.
The nerve roots were intact. The spinal
cord was located in the center of the spi-
nal canal, had normal thickness and sig-
nal intensity. After contrasting the foci of
pathologic accumulation of paramagnetic
in the substance and in the brain mem-
branes were not revealed. Conclusion:
MR signs of residual encephalopathy.
MR signs of bilateral maxillary sinusitis,
ethmoiditis.

Ultrasound of abdominal cavity organs
from 10.10.2024 without pathology.

Electroencephalography with activat-
ing tests from 10.10.24g: Bioelectrical
activity of the brain is formed according
to age. No pathologic, epileptiform activi-
ty was revealed.

Holter ECG  monitoring  from
15.10.24y: Conclusion: during the time
of ECG monitoring the main rhythm was
registered - sinus rhythm, episodes of su-
praventricular rhythm driver migration to
unstable atrial rhythm mainly in the night
hours. Episodes of marked and moder-
ately - marked arrhythmias mainly in the
night hours.

On the basis of complaints, anamne-
sis, clinical data, laboratory and instru-
mental investigations a clinical diagnosis
was made: Main disease: Rheumatic
chorea with heart involvement (102.0):
severe chorea. Carditis with mitral, aor-
tic, tricuspidal valve lesions, mitral insuf-
ficiency of the 1-2 degree, aortic insuffi-
ciency of the 1st degree, tricuspidal insuf-
ficiency of the 1st degree. Arthritis. The
Il degree of activity. Complication: CHF
of the 0-1 degree. FC 1. Associated dis-
eases: chronic decompensated tonsillitis
(J 35.0). Acute catarrhal sinusitis, acute
catarrhal ethmoiditis (recovery) (J 01.8).

The child was examined by an otorhi-
nolaryngologist on 09.10.2024: Acute ca-
tarrhal rhinosinusitis. Hypertrophy of the
palatine tonsils of 1-2 degree.

IVIG
v e

Plasmapheresis
—_— |

Methylprednisolone
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Table 2

Dynamics of laboratory indicators

Laboratory data 09.10.24 14.10.24 21.10.24 28.10.24 05.11.24
Erythrocytes x1012/1 4.92 5.23 5.28 5.09 4.97
Hemoglobin, g/l 120 126 130 127 126
Platelets x109/1 336 323 349 329 344
Leukocytes x109/1 5.85 9.38 12.32 8.38 9.21
COE, mm/hour 29.0 14.0 8.0 16.0 20.0
C-Reactive protein, mg/l 1.18

Anti-streptolysin O 585.2

In the dynamics the child was repeat-
edly consulted by a neurologist.

18.10.24. Consciousness is clear.
During examination, involuntary move-
ments of eyeballs: rotating, involuntary
movements of hands in distal parts,
twitching of shoulders. Pupils of round-
ed shape, equal. Photoreaction is alive.
Eye slits are equal. The volume of eye-
ball movements is full, there is no nystag-
mus. The face is symmetrical. Tongue tip
straight. (-) reflexes of oral automatism.
Muscle tone in the limbs is diffusely re-
duced. No paresis. Tendon reflexes from
the extremities are evoked, D=S. There
are no pathologic and meningeal signs.
Sensitivity is not disturbed. She is sta-
ble in the Romberg test. Finger-to-nose
test is performed satisfactorily. Walking
around the ward, gait is disturbed, with
atactic component.

21.10.2024. In the dynamics of the
neurological status during the examina-
tion involuntary movements in the hands,
grimaces, gait with atactic component.

29.10.2024: Significant improvement
in the neurological status, there are prac-
tically no involuntary movements. Hypo-
tonia of muscles persists. There is stag-
gering in the Romberg pose. 06.11.2024:
according to neurological examination
coordinator tests performs satisfactorily.
Kernig's symptom is negative. She is sta-
ble in the Romberg pose.

The child received antibacterial (Am-
picillin-sulbactam 1. 5 g 3 times a day
intravenously, followed by prophylaxis
with bicillin-5, immunosuppressive ther-
apy with glucocorticosteroids (methyl-
prednisolone 10 mg/kg per injection 500

mg #3, then per oral - prednisolone 1
mg/kg/day), carbamazepine (Finlepsin)
100mg*2 (5 mg/kg) in hospital with posi-
tive dynamics.

Walking well on discharge. Con-
sciousness is clear. During examination,
exophthalmos is not noticeable. No hy-
perkinesis. Pupils are rounded, equal.
Photoreaction is lively. Eye slits are
equal. The volume of eyeball movements
is full, nystagmus is preserved. The face
is symmetrical. Tongue tip slightly to the
right Muscle tone in the limbs is reduced
diffusely. No paresis. Tendon reflexes
from the limbs are alive, D=S. No patho-
logic and meningeal signs. Sensitivity is
not disturbed. Performance of coordina-
tor tests, but with errors.

She was discharged with improvement
under the supervision of a pediatrician,
neurologist. Recommended: to continue
therapy with carbamazepine, predniso-
lone, aspirin, bicillin. Re-hospitalization in
3 months.

Conclusion: rheumatic chorea is cur-
rently a very rare condition with which pe-
diatric practitioners are not well acquaint-
ed. Rheumatic chorea is a neurologic dis-
ease that can cause involuntary move-
ments in children and rarely in adults. The
presence of cardiovascular involvement
allows the diagnosis of rheumatic chorea
and ARF, but cardiac involvement in the
first few months of the disease may be
nonmanifest and manifest only as instru-
mental findings. It is necessary to include
cardiologic examination and search for
streptococcal infection in all patients
with hyperkinetic syndromes. Rational
antibiotic therapy for infection caused by

GABHS may reduce the likelihood of de-
veloping ARF.

The authors declare no confiict of in-
terest.
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Short bowel syndrome (SBS) is a symptom complex caused by the absence of most of the small intestine with the development of mal digestion
and malabsorption. The aim of the study is to describe our own clinical case of a child with SBS who achieved enteral autonomy without the use of
a synthetic analogue of glucagon-like peptide-2.The presented clinical case shows that as a result of timely initiation of treatment, it was possible
to stabilize the boy's condition and transfer him to enteral feeding without the use of a synthetic analogue of glucagon-like peptide-2.
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Introduction. Short bowel syndrome
(SBS) is a symptom complex caused by
the absence of most of the small intestine
with the development of mal digestion
and malabsorption [8]. In the Russian
Federation, a registry of children with
SBS has been created; in 2020, it includ-
ed 220 patients [5].

The aim of the study is to describe
our own clinical case of a child with SBS
who achieved enteral autonomy without
the use of a synthetic analogue of gluca-
gon-like peptide-2.

Pathological physiology. The most
common causes of SBS in children are
congenital and perinatal diseases: nec-
rotizing enteral colitis (NEC), middle gut
incorrect rotation, gastroschisis and in-
testinal atresia, cytomegalovirus infection
[16]. NEC is the basis for almost 30% of
all cases of SBS. In most cases, patients
are forced to be on parenteral nutrition
(PN), which leads to various complica-
tions from various organs and systems
[14]. After bowel resection, the body re-
sponds with a process called intestinal
adaptation, which consists of adaptive
changes in the preserved portion of the
intestine; in children, this process begins
soon after bowel loss and continues for
several years [6, 15]. The first period is
characterized by diarrhea with massive
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loss of fluid and electrolytes, which re-
quires parenteral administration of these
substances [8]. Later, epithelial hyper-
plasia occurs [17]. Patients with colon
resection are at significant risk of dehy-
dration [10]. Most sodium and water are
absorbed through the colon, but nutrients
with fermented carbohydrates are also
absorbed. Patients with SBS can re-
ceive up to 50% of their nutritional needs
through the colon [2, 9].

Clinic. The clinic is manifested by a vi-
olation of physical, psychic development,
water-electrolyte and acid-base balance
due to insufficient intake of micro- and
macronutrients. The main signs of SBS
include the following: diarrhea, abdom-
inal pain, bloating, weight loss, dehy-
dration, steatorrhea, edema, weakness,
drowsiness, anemia, vitamin deficiency.

Treatment and prognosis. After the
stage of surgical interventions, children
are transferred to PN, first in the hospi-
tal, then at home. Survival after extensive
bowel resections after 3 years is 87-89%,
but most patients are forced to receive
PN. The further principle of treatment is
to achieve complete independence from
PN. For this purpose, the use of a synthet-
ic analogue of glucagon-like peptide-2
(GLP-2) is recommended [13]. GLP-2 is
an intestinal growth factor produced by
L-cells of the ileum and distal colon [10].
A synthetic analogue of GLP-2, teduglu-
tide (T) increases the size of villi and the
depth of crypts in the intestinal epitheli-
um. In 2021, T was officially registered
in our country and approved for use in
children with SBS over 1-year-old [3]. It
has been established that T allows to re-
duce PN, infusion time and even achieve
a complete transition to enteral autonomy
[7]. The ileum is more capable of increas-
ing the surface area of the villi, the height
of the villi and the depth of the crypts,
as well as developing processes of in-
creasing the length, diameter and motor
function [11]. This part of the intestine,

compared to the jejunum, specializes in
the absorption of vitamin B12, bile acids,
fluid and is able to effectively increase its
absorption capacity [4].

Clinical case. Boy R., born on No-
vember 24, 2021 from the 3rd pregnan-
¢y, 2 births. The pregnancy proceeded
against the background of chronic viral
hepatitis C, chronic cervicitis, mild iron
deficiency anemia, at 31 weeks’ mild
acute respiratory viral infection. Surgical
delivery at a gestational age of 40 weeks.
The reasons for the cesarean section
were premature detachment of a normal-
ly located placenta of a severe degree
without signs of external bleeding and
acute fetal distress.

Physical development at birth: weight
2850 grams, length 50 cm, chest cir-
cumference 33 cm, head 34 cm. Apgar
score: 1-3 points. The condition is severe
due to respiratory disorders against the
background of asphyxia, since birth he
was on intravenous pulmonary bypass.
In the neurological status, the syndrome
of central nervous system depression,
responded to the examination with tonic
convulsions.

On the 3rd day of life, the dynamics are
negative due to the abdominal syndrome
(intestinal paresis of 2-3 degrees, gastric
bleeding), hemodynamic disorders, and
increasing respiratory failure. According
to radiography, the presence of free air in
the abdominal and pleural cavities were
detected. A diagnosis of NEC stage 3B,
peritonitis was made. After preoperative
preparation, an operation was performed
- drainage of the abdominal cavity in both
iliac regions. The condition in the postop-
erative period was extremely severe.

After relative stabilization, a repeat op-
eration was performed: laparotomy, revi-
sion of the intestine, stomach, total resec-
tion of the jejunum, subtotal resection of
the colon, duodenal-leum anastomosis
"end to end", end ileostomy, sanitation,
drainage of the abdominal cavity. During
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the operation, transfusion of filtered red
blood cells (FRBC) was performed. In the
postoperative period, the condition re-
mained extremely severe for a long time,
unstable, massive intensive therapy was
carried out, the child suffered severe mul-
tiple organ failure. On the 12th day, en-
teral loading with water was started, from
the 14th day - with the formula "Nutrilon
pepti gastro" with a gradual expansion
of the volume. At the age of 1 month 20
days, for further treatment, nursing of the
child in the postoperative period, he was
admitted to the early childhood depart-
ment. The condition upon admission was
severe due to intoxication, severe mal-
absorption syndrome, gross neurological
symptoms, anemia, metabolic and tro-
phic disorders. For a long time, the child's
condition remained unstable, severe, the
loss of intestinal contents through the sto-
ma progressed. The dynamics showed an
increase in intoxication, a sharp increase
in acute phase proteins, an increase in
leukocytosis in the blood, a decrease in
the hemoglobin level to severe anemia,
which required a FRBC transfusion, con-
tinuous infusion therapy for the purpose
of partial PN. Against the background of
intensive therapy, it was possible to ex-
pand nutrition to 2/3 of the volume of the
physiological need, relieve the intoxica-
tion syndrome; positive dynamics were
achieved in weight, a tendency towards
an increase in the hemoglobin level was
noted.

Considering the relative stabilization of
the condition, the child was prepared for
reconstructive surgical correction of the
stoma. After preoperative preparation,
on 03/10/2022, a reconstructive opera-
tion was performed: laparotomy, intesti-
nal lysis, reconstructive resection of the
ileum, hardware ileum connection "side
to side". In the postoperative period, he
was in the anesthesiology and intensive
care department, received PP, pain relief,
antibacterial therapy, and a FRBC trans-
fusion was performed due to severe ane-
mia. After relative stabilization of the con-
dition, on March 17, 2022, he was again
transferred to the early childhood depart-
ment for further treatment and care. The
condition in the postoperative period re-
mained severe for a long time. The vol-
ume of nutrition was gradually expand-
ed to the physiological need, which the
child began to assimilate, positive weight
dynamics were outlined. Cholestasis
syndrome persisted for a long time, and

was relieved by taking liver protectors
during treatment. Neurological symp-
toms in the form of movement disorder
syndrome persist. Therapy and nutrition
were constantly corrected, the condition
gradually stabilized. The child did not re-
ceive T, since in the Russian Federation
the drug was registered only in the year
of the patient's birth and was approved
for use after 1 year, and he had not yet
reached this age. The parents refused to
raise the boy, and he was transferred to
the Orphanage. Upon reaching the age
of 1 year, from which the use of T is per-
mitted, it was decided to abandon the use
of the drug, since the child had already
achieved enteral autonomy without it.

Currently, the patient is 3 years old.
He is on complete enteral nutrition, grad-
ually expanding his diet. Medications
constantly receive enzymes, amino acid
formula, iron preparations. Moderate de-
lay in physical and psychic development
persists. He continues to be raised in the
Orphanage.

Conclusion. A distinctive feature of
this case is that as a result of timely initia-
tion of treatment, it was possible to stabi-
lize the boy's condition, transfer to enteral
feeding without the use of a synthetic an-
alogue of glucagon-like peptide-2.
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This article presents a clinical case of feto-fetal transfusion syndrome (FFTS) in a newborn.
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Introduction. Feto-fetal transfusion
syndrome, or Twin-to-Twin Transfusion
Syndrome (TTTS), is a severe compli-
cation of monochorionic multiple preg-
nancies associated with transplacental
vascular communications and circulatory
imbalance between the placental vascu-
lar systems of the twin fetuses [2].

All twin pregnancies should be con-
sidered at risk for FFTS until the type
of placentation is determined [4]. The
primary diagnostic method is fetal ul-
trasound. In the first trimester, signs
indicating a high risk of developing this
syndrome include discordance in nuchal
translucency thickness, abnormal blood
flow in the ductus venosus, and a size

ALEKSEEVA Sargylana Nikolaevna — PhD,
Deputy Director of the Perinatal Center of SFI
RS(Y) RH No.1 — M.E. Nikolaev National Cen-
tre of Medicine (NCM), Associate Professor
of the Department of Pediatrics and Pediat-
ric Surgery, Medical Institute, M.K. Ammosov
North-Eastern Federal University; ORCID
0000-0002-0550-9397; EGOROVA Vera Bor-
isovna — PhD, Associate Professor of the De-
partment of Pediatrics and Pediatric Surgery,
Medical Institute, M.K. Ammosov North-East-
ern Federal University, veraborisovna@yan-
dex.ru, corresponding author, ORCID 0000-
00003-3051-5251; MUNHALOVA Yana Afa-
nasyevna — PhD, head of the Department of
Pediatrics and Pediatric Surgery, Medical In-
stitute, M.K. Ammosov North-Eastern Federal
University, ORCID 0000-0002-9657-5612;
VARLAMOVA Varvara lvanovna — neonatol-
ogist, Perinatal Center of SAI RS(Y) RH No.1
— M.E. Nikolaesv NCM; BURTSEVA Tatyana
Egorovna — MD, Professor of the Department
of Pediatrics and Pediatric Surgery, Medi-
cal Institute, M.K. Ammosov North-Eastern
Federal University, leading researcher of the
Yakut Scientific Center of Complex Medical
Problems.

difference between the fetuses of more
than 25% [2, 7].

In the presence of significant vascular
anomalies in the placenta, hemodynamic
relationships develop between the donor
and recipient fetuses, leading to a dis-
proportion in circulating blood volumes
(CBV). Due to unbalanced transfusion,
the donor fetus develops hypovolemia
and anemia, along with growth restriction.
A critical reduction in CBV is accompa-
nied by progressive oliguria and anuria,
severe oligohydramnios, which impedes
normal lung maturation, and a high like-
lihood of antenatal fetal death. In the re-
cipient fetus, the disproportionate circula-
tion leads to a sharp increase in CBV, re-
sulting in polycythemia and hypertrophic
cardiomegaly. Hemodynamic decompen-
sation leads to congestive heart failure.
Increased renal blood flow and urine pro-
duction lead to polyhydramnios, which
increases the risk of premature rupture
of membranes and preterm labor [2].

Although anastomoses and, conse-
quently, blood shunting between fetuses
occur in all monochorionic twins, FFTS
typically develops only in diamniotic
monochorionic twins. This is likely be-
cause monochorionic pregnancies have
more bidirectional superficial anastomo-
ses than diamniotic ones [3].

With expectant management, perina-
tal mortality in FFTS reaches 95% [1, 5,
6]. Treatment options for FFTS include
fetoscopic laser coagulation of placental
anastomoses, amnioreduction, selective
reduction of one twin, or termination of
pregnancy. Factors influencing the choice
of treatment include gestational age, cer-
vical length, and technical limitations for
fetoscopy (placental location, cord inser-
tion sites, and maternal anatomy).

Objective: To describe a clinical case
of feto-fetal transfusion syndrome in a
newborn.

Materials and methods: A retrospec-
tive analysis of the medical records of a
patient in the neonatal intensive care unit
(NICU) of the perinatal center of RBNe1-
NCM was conducted.

Clinical case. A newborn boy from
the 5th pregnancy and 4th delivery. In the
first half of the pregnancy, the mother had
a mild case of COVID-19 at 16 weeks
without fever. She was treated on an out-
patient basis with antiviral medications
(Grippferon, Arpeflu).

At a routine ultrasound at 14.5 weeks,
FFTS was suspected, and the mother
was sent home with recommendations
for weekly follow-up ultrasounds with fe-
tometry.

At 18-19 weeks, she was hospitalized
at the Central District Hospital. Ultra-
sound revealed a threatened miscarriage
with a shortened cervix (<25 mm), ab-
normal blood flow in the uterine arteries,
monochorionic diamniotic twins, and pla-
cental insufficiency: Doppler showed re-
versed diastolic flow. Oligohydramnios in
the first fetus (amniotic fluid index <5 cm).
Intrauterine growth restriction (IUGR) in
the first fetus below the 10th percentile.
The woman was referred to the Medical
Genetic Center of GAU RS(Y) Republi-
can Hospital Ne1, but she did not attend
the consultation.

A telemedicine consultation was
conducted with the National Medical
Research Center for Obstetrics, Gyne-
cology, and Perinatology named after
Academician V.I. Kulakov. The rec-
ommendation was to monitor Doppler
and maximum vertical pocket weekly
until 27 weeks, with fetometry every 2
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weeks. No intervention was indicated at
this stage.

At 23 weeks, ultrasound revealed:
monochorionic diamniotic twins. [IUGR in
the first fetus below the 10th percentile.
Placental insufficiency grade 1A. Margin-
al cord insertion in the first fetus. Pyelec-
tasis in both fetuses. A tendency toward
polyhydramnios in the second fetus. The
woman was advised to have weekly ul-
trasounds, but she refused due to diffi-
culty traveling from the district, citing icy
conditions. She agreed to ultrasounds
every 2 weeks.

At 31 weeks, a routine ultrasound re-
vealed: monochorionic diamniotic twins
at 31.2 weeks. Both fetuses in cephal-
ic presentation. Placental insufficiency
grade 2. Antenatal death of the first fetus.
Tachycardia in the second fetus. Peri-
cardial effusion in the second fetus. The
woman was urgently referred to GAU
RS(Y) Republican Hospital Ne1 for emer-
gency delivery.

Histology of the placenta showed
no inflammatory infiltration in the mem-
branes or cords, trophoblastic dysfunc-
tion, and reduced vascularization. Vascu-
lar anastomoses were present.

Emergency delivery was performed
at 31.2 weeks. The first twin, a boy, was
delivered at 15:11, stillborn, weighing
1300g, length 41cm. On examination,
the skin was burgundy-colored, with tight
cord entanglement around the body.
Autopsy findings: the cause of antena-
tal death of the first twin at 31.2 weeks
was intrauterine hypoxia due to placental
transfusion syndrome. Pathology of the
fetus: first twin of monochorionic diam-
niotic twins. Tight cord entanglement
around the body. Placental pathology:
monochorionic diamniotic placenta. Tro-
phoblastic dysfunction, reduced vascu-
larization. Vascular anastomoses. Chron-
ic placental insufficiency, mixed type.
Edema of Wharton's jelly in the second
cord.

The second twin, a boy, was born at
15:12, alive, premature, weighing 1540g,
length 41cm, Apgar score 4/7. Condition
was very severe at birth. He was admitted
to the NICU from the operating room on
nasal CPAP, accompanied by the NICU
team in a transport incubator, with a pre-
liminary diagnosis of respiratory distress
syndrome (RDS) grade I, FFTS, donor?
Prematurity 31.2 weeks. Congenital ane-
mia at birth. Respiratory failure grade II.
On admission, the infant was placed in
a heated incubator and connected to an
"IF" ventilator in "Biphasic" mode.

The infant's condition was severe due
to severe RDS, FFTS (anemia-polycy-
themia syndrome), cardiovascular failure

grade Il A-B, respiratory failure grade lll,
severe congenital anemia, prematurity at
31 weeks, and very low birth weight.

Consciousness was moderately de-
pressed. Pain score on N-PASS: 3. Ante-
rior fontanelle was not tense. No seizures
were observed. Neonatal reflexes were
depressed. Muscle tone was reduced.
Visible mucous membranes were pale
pink, clean, and moist. Skin was pale
pink, clean, and moderately moist. Warm
to touch. Extremities were warm. Gen-
eralized edema was present. Breathing
was assisted by mechanical ventilation;
auscultation revealed uniform air-oxygen
flow noise throughout all lung fields, with
transmitted rales. Respiratory rate: 59/
min. Silverman score: 3. Hemodynamics
were relatively stable. Heart sounds were
muffled and rhythmic. Heart rate: 114-
118/min, with a tendency toward brady-
cardia. Microcirculation was not impaired.
On total parenteral nutrition. Abdomen
was soft, not distended, and accessible
to palpation. Bowel sounds were present.
Liver and spleen were not enlarged. No
stool on admission. Urination was free
into the diaper, with a diuresis of 13.4 ml/
kg/h, indicating polyuria.

Echocardiography on day 0 revealed:
congenital heart defect. Patent ductus
arteriosus (0.29 cm), atrial septal defect
(0.16 cm). Cardiac chambers were not
dilated. Left ventricular contractility was
normal. Ejection fraction: 86%. Abdom-
inal ultrasound: a thin strip of free fluid
near the spleen. Chest and abdominal
X-ray: hypoventilation of the left lung.

On the first day of life, the infant's con-
dition worsened due to respiratory failure,
with a Silverman score of 5, increasing
oxygen requirements, and tachypnea
up to 90/min. The infant was switched
to high-frequency oscillatory ventilation
(HFOV) on a Leoni+ ventilator. HFOV pa-
rameters were adjusted: amplitude was
reduced by 10%. A recruitment maneu-
ver was performed. After 10 hours, due
to the ineffectiveness of the recruitment
maneuver and the infant's condition (hy-
potension, tachycardia), the infant was
switched to S-IMV mode on the Leoni+
ventilator. Echocardiography revealed:
congenital heart defect. Muscular ventric-
ular septal defect (0.12 cm). Atrial septal
aneurysm with shunt (0.36 cm). Patent
ductus arteriosus (0.22-0.28 cm). Signs
of pulmonary hypertension grade 1-2.
Right ventricular hypertrophy. Mitral and
tricuspid valve regurgitation grade 1. Mild
dilation of the right ventricle, right atrium,
and pulmonary artery. Ejection fraction:
75.4%. Neurosonography showed mod-
erate periventricular hypoechogenicity.

Laboratory tests revealed: severe

anemia with hemoglobin of 94 g/L. Blood
transfusion with individual matching
was indicated. Biochemical blood tests
showed elevated liver enzymes and hy-
perbilirubinemia.

On the second day, heart rate in-
creased to 200-215/min, and blood pres-
sure reached 92/74/55 mmHg. Echo-
cardiography showed: patent ductus
arteriosus 0.18-0.21 cm. Left atrium: 1.2
cm, not dilated. Right ventricle: 0.92 cm,
mildly dilated. Right ventricular anterior
wall thickness: 0.34 cm. Mild right atrial
hypertrophy: 1.4 cm, not dilated (Kush-
ner). Estimated systolic pressure in the
right ventricle: 40-42 mmHg. Pericardi-
um: separation of pericardial layers up
to 0.28 cm near the left ventricular apex,
up to 0.27 cm near the right ventricular
anterior wall, and up to 0.25 cm. Left
ventricle (end-diastolic dimension 1.54
cm, end-systolic dimension 0.9 cm) was
not dilated. Interventricular septal motion
was normal. End-diastolic volume: 6.5
ml, end-systolic volume: 1.6 ml. Ejection
fraction: 75.3%, fractional shortening:
40.2%.

Chest and abdominal X-ray: hypoven-
tilation of the left lung. Uneven pneumati-
zation of the intestines. Congenital heart
defect. Cardiac shadow enlargement.
Elevated high-sensitivity troponin: 74,200
ng/L.

On the third day, abdominal ultrasound
revealed pyelectasis. After blood transfu-
sion, red blood cell parameters improved,
with hemoglobin of 121 g/L.

A telemedicine consultation was con-
ducted with the National Medical Re-
search Center for Obstetrics, Gynecolo-
gy, and Perinatology named after Acade-
mician V.l. Kulakov. Recommendations
included continuing the protective treat-
ment regimen, respiratory therapy with
monitoring of acid-base status and blood
gases, analgesia, and antibiotic therapy
with monitoring of inflammatory markers
at 48-72 hours of life to confirm the di-
agnosis and decide whether to continue
or stop antibiotics. Massive vasopressor
and inotropic therapy was continued with
blood pressure and echocardiography
monitoring, considering pulmonary hy-
pertension in the infant with FFTS. Ther-
apy was adjusted with levosimendan 0.1-
0.2 mcg/kg/min, dobutamine was grad-
ually discontinued, and dopamine dose
was reduced to 5-7 mcg/kg/min.

On the fifth day, blood pressure nor-
malized, and heart rate decreased to
moderate tachycardia of 180/min. Neu-
rosonography revealed subependymal
cysts in the left thalamo-caudal notch in
the cyst formation stage. Periventricular
hyperechogenicity.



On the sixth day, the infant was con-
scious, actively resisting the ventilator,
and agitated. Inotropic therapy was dis-
continued, and the infant was extubated
and switched to nasal CPAP on an IF
ventilator in Biphasic mode. Red blood
cell parameters normalized, with hemo-
globin of 151 g/L, and high-sensitivity tro-
ponin decreased to 38,700 ng/L.

Echocardiography on day 9 showed:
regurgitation grade 1. Left ventricle: not
dilated. Atrial septum: 0.33 cm, hypertro-
phy, end-diastolic dimension 1.2 cm, pos-
terior wall thickness 0.28 cm, end-systolic
dimension 0.7 cm, ejection fraction 78%,
fractional shortening 43%. Anterior wall
thickness: 0.28 cm, mild hypertrophy. Tri-
cuspid valve: thin leaflets. Minimal regur-
gitation. Estimated systolic pressure in
the right ventricle: 20.0 mmHg.

On day 10, abdominal ultrasound
showed improvement: parenchymal or-
gans were normal, with mild meteorism.

On day 11, the infant was weaned off
mechanical ventilation. Blood pressure
and heart rate were within normal limits.
On day 12, after stabilization, the infant
was transferred to a specialized depart-
ment for further care and treatment.

The infant received infusion therapy,
respiratory support, and antibiotics (am-
picillin-sulbactam). Central nervous sys-
tem stimulation and apnea prevention
were provided with caffeine citrate. Neu-
rometabolic therapy included Cytoflavin.
Inotropic therapy included levosimendan,
dopamine, and dobutamine. Sedation
and analgesia were provided with fen-
tanyl and midazolam. Volume expander
therapy included 0.9% sodium chloride
solution.

Final diagnosis: Feto-fetal transfusion
syndrome (anemia-polycythemia syn-
drome, edematous syndrome, severe
congenital anemia (corrected), risk of
cardiomyopathy). Respiratory distress
syndrome: mild. Other cases of prema-
turity: Prematurity at 31 weeks. Second
twin (monochorionic diamniotic twins).
Complication: Respiratory failure grade
1. Associated conditions: Other cardio-
vascular disorders arising in the perinatal
period: Congenital heart defect. Mus-
cular ventricular septal defect 0.12 cm.

Atrial septal aneurysm with shunt 0.36
cm. Intraventricular (non-traumatic) hem-
orrhage grade 1: subependymal cysts in
the left thalamo-caudal notch in the cyst
formation stage.

Conclusion. Feto-fetal transfusion
syndrome (FFTS) is one of the most
complex complications of monochorionic
multiple pregnancies. A common compli-
cation in women with multiple pregnan-
cies and antenatal death of one fetus is
placental insufficiency, which inevitably
leads to intrauterine growth restriction. In
FFTS, significant vascular anomalies in
the placenta lead to hemodynamic rela-
tionships between the donor and recipi-
ent fetuses, with a disproportion in circu-
lating blood volumes.

According to studies by Logutova L.S.
and Shilkina P.S., timely diagnosis and
fetoscopic laser coagulation of anas-
tomoses are the primary methods for
preventing severe outcomes [2]. How-
ever, as noted by Mikhailov A.V. and
colleagues, despite the presence of vas-
cular anastomoses in all monochorionic
twins, clinically significant FFTS does
not always develop, which is related to
the characteristics of blood circulation
between the fetuses. Additional studies
show that without treatment, mortality in
FFTS can reach 95% [3]. Perinatal out-
comes significantly improve with early
detection and timely correction, such as
fetoscopic laser coagulation of anasto-
moses, amnioreduction, or selective re-
duction of one fetus [3].

In this clinical case, FFTS was sus-
pected at 14.5 weeks of pregnancy. The
first twin was the recipient and died an-
tenatally. The second twin was the do-
nor. Clinical signs of FFTS appeared
from the first day of life, including hypo-
volemia (elevated blood pressure on ad-
mission, tendency toward bradycardia),
severe anemia, and cardiovascular ab-
normalities (tachycardia, hypertension,
tachypnea).

Severe complications and fatal out-
comes can be avoided with early diag-
nosis, optimal pregnancy management,
and minimally invasive intrafetal correc-
tion methods such as laser coagulation
of placental anastomoses, which can
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preserve the pregnancy, the lives of the
mother and both fetuses, and reduce
perinatal mortality. Management of such
patients requires careful monitoring and
control of fetal blood flow parameters, as
recommended in modern clinical guide-
lines [1].

References

1. Klinicheskie rekomendaciya [Clinical rec-
ommendation]. Mnogoplodnaya beremennost
[Multiple pregnancy. Moscow. 2021.45p. (in
Russ.).]

2. Logutova L.S., Shilkina P.S. Sovremen-
nye aspekty diagnostiki i korrekcii feto-fetal'no-
go transfuzionnogo sindroma pri mnogoplodnoj
monohorial'noj beremennosti [Modern aspects
of diagnosis and correction of fetal transfusion
syndrome in multiple monochoric pregnancy].
Rossijskij vestnik akushera-ginekologa [Russian
Bulletin of obstetrician-gynecologist. 2020; 20(3):
11-17 (in Russ.).]

3. Mikhailov A.V., Romanovsky A.N., Potanin
S.A. Feto-fetal'nyj transfuzionnyj sindrom [Fetal
transfusion syndrome]. Uchebnoe posobie [Text-
book: Publishing house of I.I. Mechnikov NWS-
MU, 2017. 11-13 pp. (in Russ.).]

4. Ovsyannikov F.A.,, Romanovsky A.N.
Sovremennye podhody k lecheniyu feto-fetal'no-
go transfuzionnogo sindroma [Modern approach-
es to the treatment of fetofetal transfusion syn-
drome]. Translyacionnaya medicina [Translation-
al medicine. 2017; 4(4): 36-42 (in Russ.).]

5. Pavlichenko M.V., Kosovtsova N.V., Pos-
pelova Ya.Yu., et al. Osobennosti fetoplacentar-
nogo kompleksa pri mnogoplodnoj beremenno-
sti, oslozhnennoj vnutriutrobnoj gibel'yu odnogo
iz plodov [Features of the fetoplacental complex
in multiple pregnancies complicated by intra-
uterine death of one of the fetuses]. Rossijskij
vestnik akushera-ginekologa. [Russian Bulletin
of obstetrician-gynecologist. 2022; (6) :61-67 (in
Russ.).]

6. Pavlichenko M.V., Kosovtsova N.V., Pos-
pelova Ya.Yu., et al. Perinatal'nye iskhody pri so-
chetanii sindroma feto-fetal'noj transfuzii i sindro-
ma selektivnoj zaderzhki rosta ploda u monoho-
rial'nyh bliznecov [Perinatal outcomes in combi-
nation of fetal transfusion syndrome and selective
fetal growth retardation syndrome in monochoric
twins]. Rossijskij vestnik akushera-ginekologa
[Russian Bulletin of obstetrician-gynecologist.
2022; 22(6): 68-75 (in Russ.).]

7. Mikhailov A.V., Romanovsky A.N., Shlykova
A.V., et al. Specificheskie oslozhneniya mono-
horial'nogo mnogoplodiya — feto-fetal'nyj trans-
fuzionnyj sindrom i sindrom anemii-policitemii
[Specific complications of monochoric multiple
pregnancy — fetal transfusion syndrome and
anemia-polycythemia syndrome]. Akusherstvo i
ginekologiya [Obstetrics and gynecology. 2017;
2:18-23 (in Russ.).]




