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HAYYHO-NPAKTUYECKUWN PELEHS3WUPYEMbB N XYPHAIN

Yupenurenn:

deziepaIbHOE TOCYJAPCTBEHHOE OI0[UKETHOE
00pa30BaTENbHOE YIPEAKIEHUE BBICIIETO 0OPA30BAHUA
«JTepMCKn# rOCYAaPCTBEHHBIA MEAULMHCKUI YHUBEPCUTET
uMeny aKajiemMuka EA. Baranepa» Munucrepersa
3apaBooxpanennd Poccurickon Gepepanym.

JlepMCKU MEIUIMHCKUAN JKYpHA> — PELEH3UPYEMBI HAYYHO-NPAK-
Traeckuil kypHal. OCHOBaH B 1923 rogy MeIUIMHCKMM OOIIECTBOM
npu IlepmckoM yrusepceurere. C 2001 roga yupeautrenimu «[lepMckoro
MEZJLIMHCKOTO JKyPHAI> ABIAIOTCA [lepMCKad rOCYIapCTBEHHAS MEIULMH-
cKad axajgemus U Ilepmckuit Hayunbil Lentp PAMH u agMuHuCTpanmu
Tepmckort obnacty. C 2017 roga — yupeauTtensb [IepMCKuil rocyAapCTBeH-
HbII MEIVIHCKAY YHUBEPCUTET MMEHN aKajieMuka EA. Baruepa.

JKypHan 3apeructpuposas B Munucrepcrse Poccutickort ®esepanyu 1o
JemaM IIeYATH, TEIEPAAUOBEIAHIA U CPEACTB MACCOBBIX KOMMYHUKALIUN
(I Ne 77-12317 o1 02.04.2002 1)

B 2017 rogy KypHasI IPOIIEN NEPEPETUCTPALMIO B DeiepanbHON Clyxoe
110 HaZ30py B chepe CBA3Y, UH(MOPMALUOHHBIX TEXHOJIOIMI U MACCO-
BBIX KOMMyHUKAMI (PockomMHaa3op) (CBUAETENBCTBO O PETUCTPALIN
cpenctBa MaccoBoit uapopmaru [T Ne @C 77 — 70264 ot 13.07.2017).

U3znaetcs npu (GUHAHCOBOY MOAJIEpAKKE MUHUCTEPCTBA OOPA30BAHUA U
Hayku [IepMCKOro Kpas.
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ORIGINAL STUDIES

Scientific Article
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DO 10.17816/pmj4135-14

CHARACTERISTICS OF INTESTINAL MICROBIOTA PARAMETERS

IN YOUNG PEOPLE WITH METABOLIC SYNDROME

T.S. Dushina*, S.M. Klyashev, L.A. Suplotova, E.F. Dorodneva, M.V. Nikolenko

Tyumen State Medical University, Russian Federation

XAPAKTEPUCTHKA ITAPAMETPOB MUKPOBHUOTbI KMIITEYHUKA
YA MOJIOA0TO BO3PACTA C METABOJIMYECKUM CUHAPOMOM

I.C. Iywuna*, C.M. Knawes, /1.A. Cynromoéa, E.®. /lopoonesa, M.B. Huxonenxo
Tromenckuil 20cy0apcmeenobii meouyunckuti yHusepcumem, Poccutickas ®eoepayus

Objective. To study the features of the colon microbiota, as well as the associations of microbial representatives
with anthropometric, anamnestic and biochemical parameters in young patients with metabolic syndrome.

Materials and methods. 118 young people took part in a single-center, one stage, controlled study. 87 of
them were diagnosed with obesity, and 31 people with normal body weight formed the control group (“C").
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ORIGINAL STUDIES

87 obese patients were divided into 2 groups: “MS-" which consisted of 43 people (494 %), and “MS+” includ-
ing 44 people (50.6 %) with metabolic syndrome. When stratifying the groups, the NCEP ATP III criteria were
used. Blood for biochemical test was taken from all the participants, and the condition of the colon micro-
biota was assessed using polymerase chain reaction («Colonoflor-16 (premium)»). The Microsoft Excel 2010
and IBM SPSS Statistics 26.0 application software package were used for statistical calculations. The results
were evaluated as statistically significant at a level of p < 0.05.

Results. In the MS+ group Fusobacterium nucleatum (Fusobacteriaceae family) was detected statistically
significantly more often than in individuals from group “C” (40.5 %). Differences in the bacterial composi-
tion of the intestinal microbiota between two groups of obese people were revealed: in the “MS+” group
there was a significant decrease in bacteria of the genus Bifidobacterium (Bifidobacteriaceae family),
Prevotella (Prevotellaceae family) and Faecalibacterium prausnitzii (Ruminococcaceae family) (p < 0.05).
In addition, correlation patterns between the species and generic composition of the microbiota on the
one hand and age, BMI, waist circumference, hip circumference, breastfeeding duration, indicators of car-
bohydrate (glucose, insulin, HOMA-IR index) and lipid (total cholesterol, triglycerides, low-density lipopro-
teins, very low-density lipoproteins, high-density lipoproteins) metabolism, CRP on the other hand have
been established.

Conclusions. The colon microbiota in obese patients is characterized by proinflammatory changes. For the me-
tabolically unhealthy phenotype of obesity these changes are most characteristic. It is clear that further research
is needed to determine the mechanisms underlying the influence of bacterial-fungal associations on metabolism
in obese individuals, as these mechanisms are likely to play a key role in the development of metabolic diseases.
Keywords. Intestinal microbiota, Colonophlor-16 (premium), obesity, metabolic syndrome.

Henp. M3y4uTh 0COGEHHOCTH MUKPOOHOTBI TONCTOH KUIIKH, 4 TAKKE ACCOLUALNNA MUKPOOHBIX IIPEACTABH-
TEJIEH C AaHTPOLOMETPUYECKIMY, AHAMHECTUIECKUMU ¥ OUOXUMHUYECKIMU NTAPAMETPAMU Y MOJIOAbIX IALU-
€HTOB C META00TMIECKUM CUHIPOMOM.

MaTtepuaubl B METOABL. [IDOBEACHO OFHOLEHTPOBOE, OAHOMOMEHTHOE, KOHTPOIUPYEMOE UCCIELOBAHUE C
y4acTueM 118 MONOABIX JIOAEH, U3 HUX Y 87 4ENOBEK AUATHOCTUPOBAHO OKUPEHUE U Y 31 4enoBeKa HOp-
MA/IbHAA MACCA TeNd, KOTOPBIE COCTABIIIN IPYHITy KOHTPOMA («K»). 3 87 MALMEHTOB C OKUPEHHEM 43 deno-
BeKa (49,4 %) Bxopumu B rpyriy «MC-», 44 yenosexa (50,6 %) UMesi MeTAGOMMYECKUI CHHIPOM 1 COCTABIIS-
s rpyniy «MC+». I1pu cTparudukanuuy rpyni pykoBoAcTBoBach kputepuamu NCEP ATP III. Beem yuacr-
HUKAM IPOBOAWICA OMOXUMHMYECKUI AHAMM3 KPOBH, 4 TAKKE OLEHKA COCTOSHHUA MUKPOOHOTHI TOJCTOH
umike Meroziom TP (<Komonodmop-16 (mpemuym)»). isi CTATHCTHYCCKUX PACYCTOB ObUT MCIOMb30BAH
MaKeT MPUKIAIHBIX TporpamMm Microsoft Exel 2010, IBM SPSS Statistics 26.0. Pe3yabTaThl OIEHHBATHUCh KAK
CTATHCTUYECKU 3HAYUMBIE IIPY YPOBHE p < 0,05.

Pesyawrarel. B rpynmne «MC+, 10 CPaBHEHMUIO C JTULAMU U3 IPYIIIL! «K», CTATUCTUYECKU 3HAYUMO YAILE BbIIB-
nserca Fusobacterium nucleatum (cemeiictso Fusobacteriaceae) (40,5 %). BblABneHb! paznudus B 6akTepuasp-
HOM COCTABE MUKPOOMOTBI KMIIEYHHKA MEXIY ABYMA IDYIIIAMU JIHL C OKUPEHUEM, B YACTHOCTH, B IPYIIIIE
«MC+> OTMeuanIoch JOCTOBEPHOE CHIDKCHUE OakTepuil poga Bifidobacterium (cemerictso Bifidobacteriaceae),
Prevotella (cemetictso Prevotellaceae) v Faecalibacterium prausnitzii (cemerictso Ruminococcaceae) (p < 0,05).
Kpome Toro, ycTaHOB/IeHb! KOPPEALMOHHBIE 3AKOHOMEPHOCTU MEKAY BUIOBBIM M POIOBBIM COCTABOM MUKDO-
OMOTBL, C OJHOH CTOPOHBL, U BO3PACTOM, MHEKCOM MACCHI TEJA, OKPYKHOCTBIO TAIUY, OKPYAKHOCTBIO Oeep,
TIPOZOJDKUTEBHOCTBIO TPYAHOIO BCKAPMJIMBAHM, MOKA3aTELAMU YITIEBOJHOIO (IVIOKO34, MHCYIMH, MHJEKC
HOMA-IR) 1 smnupHOro (00mur XOMECTEPHH, TPUIIHALEPH/BI, TUIOIPOTENB HU3KO! IUIOTHOCTH, JIUOIPO-
TEW/Ibl 09EHb HU3KOH TUIOTHOCTH, JUIIONPOTEN/IB! BBICOKOH IIOTHOCTH) 06MeHa, CPB — ¢ ipyToii.

BoiBoabl. MUKpOOMOTA TOICTOM KULIKK Y MALUEHTOB C OXKUPEHUEM, XAPAKTEPU3YETC U3MEHEHIAMN [IPOBOC-
IAIATEBHOTO XAPAKTEPA. B HAMOOMBIIEN CTENEHN ITU U3MEHEHNA CBOFCTBEHHBI JULA META00IMYECKU HE3IOPOBO-
10 (peHoTUnA OxxupeHns. OUEBUIHO, YTO HEOOXOMMBI JAIbHEHINE UCCNEN0BAHUA UL ONPEACTICHUA MEXAHU3-
MOB, JIEKAMIMX B OCHOBE BIMAHVE GAKTEPUATLHO-TPUOKOBBIX dCCOLMALIMEL HA OOMEH BEILECTB Y JIULL C OXKUPEHUEM,
TIOCKOJIBKY 3TH MEXAHU3MBL, BEPOATHO, UIPAIOT KIOYEBYIO POJb B PA3BUTHH METAOONMMUECKHX 3200/ICBAHNIL
KixroueBbie c10Ba. MUKpo6roTa KureqHuka, «Kononodaop-16 (mpemuym)», OKUPEHHE, METAGOMMIECKITT
CHHJIPOM.
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INTRODUCTION

The prevalence of obesity and related
diseases is increasing worldwide'. Obesity is a
major risk factor for metabolic diseases. Re-
cently, the concept of “metabolically healthy
obesity” (MHO) has been actively used,
which means the absence of components of
the metabolic syndrome in an obese person
[1]. People with MHO are characterized by a
lower degree of systemic inflammation, more
favorable profiles of the immune system and
liver function [2]. However, MHO is a condi-
tion that eventually develops into metabolic
syndrome (MS). Thus, approximately 30 to
50 % of people with MHO develop “metab-
olically unhealthy obesity” (MUHO) over a
period of 4-20 years [3].

Recently, the theory of the involvement
of the intestinal microbiota in the develop-
ment of obesity and metabolic syndrome
has been increasingly discussed. This was
initiated by a series of studies conducted by
Cani et al. in 2007. The scientists have
found that chronic consumption of high-fat
diet (HFD) products leads to increased
permeability of the intestinal barrier, res-
ulting in higher permeability to byproducts
of bacterial metabolism and others antigens,
in particular bacterial lipopolysaccharides
(LPS), into the systemic circulation with the
development of so-called metabolic endo-
toxemia [4]. Bacterial LPS, activating TLRs
(Toll-like receptors), cause an immune re-
sponse that disturbs insulin sensitivity, and
inhibit the normal glycemic response. Thus,

"' World Obesity Atlas. World Obesity Federation; 2022,
available  at:  https:;//www.worldobesity.org/resources/
resource-library/world-obesity-atlas-2022

the central role of intestinal permeability in
chronic low-grade inflammation makes the
microbiota a central link in the initiation of
metabolic disorders. To date, although we
can clearly establish a causal relationship
between intestinal microbial profiles and
metabolic syndrome in animal experiments,
the association between them in the human
body does not seem so certain and requires
further study. Therefore, further clinical
studies are needed to clarify the role of the
microbiota in the formation of metabolic
disorders, as well as in the prevention and
treatment of metabolic syndrome.

The objective of the study was to inves-
tigate the features of the colon microbiota,
as well as the associations of microbial rep-
resentatives with anthropometric, anamnes-
tic and biochemical parameters in young
patients with metabolic syndrome.

MATERIALS AND METHODS

On the basis of the clinic of Tyumen
State Medical University, a single—center, one-
stage, cross-sectional, controlled study was
conducted with the participation of 118
young people: 87 patients with obesity and 31
patients with a normal body weight who
formed the control group (“C”). Obese pa-
tients, in turn, were divided into two groups
depending on the presence or absence of
metabolic syndrome. 43 obese patients
(494 %) were metabolically healthy and were
assigned to the “MS-" group, whereas 44 pa-
tients (50.6 %) had metabolic syndrome and
were assigned to the “MS+” group. The strati-
fication of the groups was carried out based
on the NCEP ATP III criteria.
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Inclusion criteria for obese pa-
tients. Age from 18 to 44 years, signed in-
formed consent, BMI over 30 kg/m’, ab-
sence of somatic pathology.

Inclusion criteria for persons in the
control group. Age from 18 to 44 years,
signed informed consent, normal body
weight (BMI 185-249 kg/m’), absence of
somatic pathology.

Criteria for non-inclusion. Acute in-
flammatory diseases during the month be-
fore the study, the use of drugs affecting
microbial composition and intestinal motil-
ity within 3 months before the study, preg-
nancy/lactation, alcohol abuse.

Each participant was provided with a
questionnaire, specially designed in accot-
dance with the objectives of this study. All
the participants underwent anthropometric
examinations.

The biochemical examination included
the determination of total cholesterol (TC),
high-density lipoproteins (HDL), low-density
lipoproteins (LDL), very low-density lipopro-
teins (VLDL), triglycerides (TG), glucose lev-
els, C-reactive protein (CRP). The study of
biochemical parameters was carried out on
the BS-380 Mindray biochemical analyser
(China). The level of glycated hemoglobin
was determined with the EKF-diagnostic
GmbH reagent (Germany) using the Quo-
Lab Analyser System (Germany). The insulin
level was detected with a set of ELISA re-
agents manufactured by DRG Techsystems
(BAO «JIPT Texcucreme», Russia). All the pat-
ticipants were examined for insulin resis-
tance (HOMA-IR) and evaluation of the
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functioning of p-cells (HOMA-B). The as-
sessment of the condition of microbiota of
the colon was carried out using quantitative
real-time polymerase chain reaction (qQPCR)
with a set of reagents “Colonoflor-16 Pre-
mium” by Alfalab LLC (“Kononodmop-16
npemuyM”, OO0 «Anbpallab», Russia) with
fluorescent detection of the results of ampli-
fication BioRad CFX96 (USA). The analyses
were performed on the basis of the clinical
and biochemical laboratory of the Multidis-
ciplinary University Clinic of the Tyumen
State Medical University of the Ministry of
Health of the Russian Federation (head of
the laboratory — Candidate of Medical Sci-
ences N.Yu. Yuzhakova).

This study was conducted in accordance
with the protocol approved by the Ethics
Committee at the Tyumen State Medical
University of the Ministry of Health of the
Russian Federation dated March 13, 2023.

For statistical calculations, the Microsoft
Excel 2010 and IBM SPSS Statistics 26.0
software was used. The data are presented in
the form of median and interquartile range
(Me [Q,5; O.4]) using the Mann — Whitney and
Kruskal-Wallis tests. Spearman’s rank corre-
lation method was used to evaluate and
identify the associations between variables.
The Bonferroni correction was used for mul-
tiple comparisons. The results were evalu-
ated as statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The average age of patients in the
“MS-” group was 25 [22; 31] years, in the “MS+”
group — 325 [25; 40] years (p = 0.002). The
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average age of the control group was 29
[26; 34] years, which did not significantly differ
from the “MS+” and “MS-" groups (p = 0.310
and p = 0.100, respectively). The study partici-
pants in all three groups did not significantly
differ in gender. Obese patients in the “MS-”
and “MS+” groups did not significantly differ in
BMI (p = 0.848) waist circumference (WC) (in
men, p = 0.898, in women, p = 0.225), hip cir-
cumference (HC) (in men, p = 0976, in
women, p = 0.513), systolic blood pressure
(p=0500), and diastolic blood pressure
(p=0.319), while in comparison with the con-
trol group, there were statistically significant
differences in all the listed parameters.
According to the level of TC, groups
“C”, “MS-" and “MS+” had no statistically
significant differences (p = 0.310). LDL lev-
els did not differ significantly in the “MS-”
and “MS+” groups (p = 0413), however,
they were statistically higher in the “MS-”
(p=0.016) and “MS+” (p = 0.001) groups,
compared with the “C” group. All three
groups differed statistically significantly
from each other in terms of VLDL, HDL, TG,
as well as the ATG index (p = <0.001).
Thus, in the patients with a metabolically
unhealthy obesity phenotype, the most
atherogenic plasma lipid profile was re-
vealed, characterized by a significant in-
crease in LDL cholesterol, VLDL cholesterol,
TG and ATG index, as well as a significant
decrease in HDL. Glucose levels differed
significantly between groups “C” and “MS+”
(p < 0.001), “MS-" and “MS+” (p = 0.015),
whereas in groups “C” and “MS-” there
were no statistically significant differences
(p = 0.140). The levels of insulin, calculated

HOMA-IR, HOMA-p indices, as well as CRP
differed statistically significantly between
groups “C” and “MS-" (p < 0.001), “C” and
“MS+” (p < 0.001), while the differences
between groups “MS-" and “MS+” were sta-
tistically insignificant. However, it is neces-
sary to note a distinct tendency towards the
increase of insulin levels, the HOMA-IR in-
dex and HbAlc in the “MS+” patients.
When analyzing the intestinal microbi-
ota, differences were found depending on
the metabolic status in obese patients
(Table). When comparing the microbiota of
the “C” and “MS+” groups, it was revealed
that F. nucleatum (Fusobacteriaceae fam-
ily) was statistically more often found in
“MS+” patients (40.5 %), compared with
those from the “C” group (10.3 %) (p = 0.018).
It is known that Fusobacterium spp. synthe-
size a significant amount of butyrate, which
is the main source of energy for colono-
cytes, on the other hand, F. Nucleatum is a
powerful proinflammatory and protumoro-
genic agent [5] due to increased secretion of
cytokines such as IL-1p, IL-6 and IL-17,
increased expression of various TLRs, acti-
vation of the STAT3 (signal transducer and
activator of transcription 3) signaling path-
way, increased proliferation of CD4 " T cells
and differentiation into Th-1 and Th-17 [6].
This microorganism is able to distupt the
integrity of the epithelial barrier and in-
crease intestinal permeability by suppress-
ing the expression of the tight junction pro-
teins — zonula occludens-1 (ZO-1) and oc-
cludin, which are the markers of the barrier
function of the intestinal mucosa. There are
differences in the prevalence of A. mucini-
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phila (family Akkermansiaceae) between
the groups (p = 0.013). Although the differ-
ences between groups “C” and “MSMS-" and
“MS+” (p = 0.165) are unreliable, the statis-
tical significance between groups “C” and
“MS+” could not be calculated due to in-
sufficient sampling. However, A. mucini-
phila is an important species capable of
maintaining intestinal barrier function,
thereby reducing its permeability and
translocation of antigenic structures [7].
Therefore, this type of metabolic disorders
deserves further study.

When quantifying the number of mi-
croorganisms, there was a statistically sig-
nificant decrease in bacteria of the Bifido-
bacterium  genus  (Bifidobacteriaceae
family) (p = 0.040) in the “MS+” group. As
shown in numerous animal studies, repre-
sentatives of the genus Bifidobacterium
have a pronounced anti-inflammatory ef-
fect due to their ability to synthesize anti-
bacterial peptides, such as bacteriocins,
linoleic acid, acetate.

Animal studies have revealed that the
addition of Bifidobacterium spp. reduces
bacterial translocation, thereby leading to a
decrease in endotoxemia and normalization
of metabolic parameters [8]. In a random-
ized, double-blind, placebo-controlled, par-
allel-group study involving persons with
abdominal obesity, Anna Pedret et al. dis-
covered that the intake of Bifidobacterium
Animalis subsp. led to a decrease in waist
circumference (WC), waist circumference
to height ratio (WC/H), conicity index (CI),
body mass index (BMI) [9]. In the “MS+”
group, a statistically significant decrease in
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another genus of bacteria Prevotella
(Prevotellaceae family) was also found
(p =0.030). These bacteria are involved in
ensuring the integrity of the intestinal bar-
rier, which is due to their ability to destroy
mucins, which make up the mucosal layer
surrounding the walls of the digestive tract.
At the same time, bacteria of this genus
have pro-inflammatory properties realized
through the ability to stimulate the produc-
tion of pro-inflammatory cytokines IL-8,
IL-6 by epithelial cells [10],

In the “MS+” patients, the number of
Faecalibacterium prausnitzii (F. prau)
(p =0.030) (Ruminococcaceae family) was
significantly reduced. The number of F. prau
was also lower in comparison with the con-
trol group (p = 0.000). As is known, F.prau is
one of the main butyrate-producing bacteria,
which is associated with its pronounced
anti-inflammatory properties. In particular,
the anti-inflammatory effect was demon-
strated in Caco-2 cells in a study in mice
with induced colitis by Sokol et al. [11]. Me-
tabolites secreted by F.prau blocked the ac-
tivation of “kappa-bi” nuclear factor (NF-kB)
and reduced the production of pro-inflamma-
tory cytokines such as tumor necrosis factor
(TNF)-a, interleukins IL-12 and IL-8, while
stimulating the secretion of anti-inflamma-
tory IL-10. The study by Furet et al. [12] re-
vealed a stable correlation between F. prau
and chronic inflammation, which demon-
strated a negative relationship with serum
concentrations of circulating inflammatory
markers such as C-reactive protein (CRP)
and IL-6. In addition, F. prau play an impor-
tant role in the intestinal barrier integrity
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system by maintaining tight junction pro-
teins, stimulating ZO-1 expression and pro-
liferation of colon epithelial cells [13].

During the correlation analysis, numer-
ous interrelations of certain microorganisms
with anthropometric, biochemical parame-
ters and anamnestic data were revealed.
A negative correlation of the total bacterial
mass was found (r = -0.336; p = 0.030), Lac-
tobacillus spp. (r = -0.365; p = 0.018), E. coli
(r = -0310; p = 0.046), Bacteroides
(r = -0.305; p = 0.050), Acinetobacter
(r =-0469; p = 0.002), a positive correlation
of S. aureus (r = 0014; p = 0.034) and
P.micra (r = 0.715; p = 0.046) with age.
These data can be considered an indirect
confirmation of the hypothesis of a decrease
in the diversity and active properties of the
microbiota with an increase of patients’ age.

The qualitative and quantitative composi-
tion of microbiota phyla demonstrated close
correlations with anthropometric parameters
in obese patients. Thus, positive correlations
were found between BMI with Bifidobacterium
(r=0375; p = 0014), Bacteroides (r = 0.310;
D= 0.045), Acinetobacter (r = 0.342; p = 0027),
and a negative correlation with F. nucleatum
(r=-0522; p = 0.031). The value of WC was
positively correlated with Lactobacillus spp.
(r=0328;, p = 0.034), Bifidobacterium spp.
(r=0412; p = 0007), a negative correlation
was found with Ruminococcus spp. (r =-0.387;
p=0031). The value of HC was positively cor-
related with the total bacterial mass (7= 0.368;
p = 0.017), Lactobacillus spp. (r = 0.387;
p = 0011), Bifidobacterium spp. (r = 0.443;
p = 0,003), Bacteroides spp. (r = 0,335;
p= 0030), B. thetaomicron (r = 0,359,
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p = 0029), Acinetobacter spp. (r = 0,388;
p=0011),E rectale (r=0,316;p = 0,047).
The decisive role of breastfeeding in
shaping the qualitative and quantitative
composition of the microbiota was con-
firmed by the presence of negative correla-
tion dependencies with Lactobacillus spp.
(r = -0.335; p = 0.035), B. thetaomicron
(r = -0.356; p = 0.036), and F. nucleatum
(r=-0.573; p = 0.026). The study also estab-
lished a positive correlation of Blautia spp.
with glucose levels (r = 0419; p = 0.041),
E. rectale with insulin (r = 0.357; p = 0.024)
and the HOMA-IR index (r= 0.343; p = 0.030),
as well as Streptococcus spp. with the dura-
tion of obesity (r = 0.537; p = 0.004).
Significant correlations were found with
lipid metabolism indicators: S. aureus positi-
vely correlated with TG (r= 0.749; p = 0.005),
HDL (r = 0597, p = 0040), and LDL
(r=0.749; p = 0.005). M. Smithii had a posi-
tive correlation with HDL (r = 0810;
p=0.015). Negative correlation dependencies
were found for Acinetobacter spp. with TC
(r=-0319; p = 0039) and TG (r = -0316;
p = 0042), as well as for Streptococcus spp.
with TC (r=-0402; p = 0.038). The identified
correlation dependencies related to such an
important factor characterizing inflammation,
as CRP, are also noteworthy. The analysis re-
vealed a positive correlation of CRP with BMI
(r = 0317; p = 00306), as well as CRP with
Acinetobacter spp. (r=0.314; p = 0.043).

CONCLUSION

The microbiota of the large intestine in
patients with obesity is characterized by
changes of a pro-inflammatory nature. These
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changes are most pronounced in the meta-
bolically unhealthy phenotype of obesity. In
particular, in the “MS+” group, compared to
the “C” group, F. nucleatum (Fusobacteri-
aceae family) was statistically more frequently
identified (40.5 %). Additionally, in the “MS+”
group, compared to the “MS-" group, there
was a statistically significant decrease in the
bacteria of the genera Bifidobacterium (Bifi-
dobacteriaceae  family) and  Prevotella
(Prevotellaceae family). At the species level,
the quantity of F. prau (Ruminococcaceae
family) was significantly reduced in the “MS+”
group. Correlations were found between rep-
resentatives of the microbiota and age, BMI,
WC, obesity duration, duration of breastfeed-
ing, indicators of carbohydrate metabolism
(glucose, insuliny HOMA-IR index), lipid me-
tabolism (TC, TG, LDL, HDL), and CRP.

Clearly, further research is needed to de-
termine the mechanisms underlying the in-
fluence of bacterial-fungal associations on
metabolism in persons with obesity, as these
mechanisms likely play a key role in the de-
velopment of metabolic diseases.

REFERENCES

1. Drapkina O.M., Samorodskaya LV.,
Starinskaya M.A., Kim O.T., Neymark A.E.
Ozhirenie: otsenka i taktika vedeniya pat-
sientov. Kollektivnaya monografiya. Mos-
cow: FGBU «NMICz TPM» Minzdrava Rossii;
00O diliceya-Poligraf>; 2021 (in Russian).

2. lacobini C., Pugliese G., Blasetti Fan-
tauzzi C., Federici M., Menini S. Metabolically
healthy versus metabolically unhealthy obe-
sity. Metabolism. 2019; 92: 51-60. DOL
10.1016/j.metabol.2018.11.009

3. Kouvari M., Panagiotakos D.B., Yan-
nakoulia M., Georgousopoulou E., Critselis E.,
Chrysoboou C., Tousoulis D., Pitsavos C.
ATTICA Study Investigators. Transition from
metabolically benign to metabolically un-
healthy obesity and 10-year cardiovascular
disease incidence: The ATTICA cohort study.
Metabolism.  2019; 93: 18-24. DOL
10.1016/j.metabol.2019.01.003

4. Cani P.D., Amar ]., Iglesias MA.,
Poggi M., Knauf C., Bastelica D., Neyrinck AM.,
Fava F., Tuohy KM., Chabo C., Waget A.,
Delmée E., Cousin B., Sulpice T., Chamontin B.,
Ferrieres |, Tanti |.F., Gibson G.R., Casteilla L.,
Delzenne N.M., Alessi M.C., Burcelin R. Meta-
bolic endotoxemia initiates obesity and insu-
lin resistance. Diabetes. 2007; 56 (7):
1761-1772.DOL: 10.2337 /db06-1491

5. Engevik M.A., Danbof H.A., Ruan W.,
Engevik A.C., Chang-Graham A.L., Enge-
vik KA., Shi Z., Zhao Y., Brand C.K., Krysto-
fiak E.S., Venable S., Liu X., Hirschi K.D.,
Hyser J.M., Spinler |.K., Brition R.A., Versa-
lovic J. Fusobacterium nucleatum Secretes
Outer Membrane Vesicles and Promotes
Intestinal Inflammation. mBio. 2021; 12 (2):
€02706-20. DOI: 10.1128/mBi0.02706-20

6. Liu H, Hong XL, Sun T.T,
Huang XW., Wang J.L., Xiong H. Fusobacte-
rium nucleatum exacerbates colitis by dam-
aging epithelial barriers and inducing aber-
rant inflammation. ] Dig Dis. 2020; 21 (7):
385-398. DOIL: 10.1111/1751-2980.12909

7. Depommier C., Everard A., Druart C.,
Plovier H., Van Hul. M., Vieira-Silva .,
Falony G., Raes J., Maiter D., Delzenne N.JM.,
de Barsy M., Loumaye A., Hermans M.P.,
Thissen |.P., de Vos W.M., Cani P.D. Sup-

13



ORIGINAL STUDIES

plementation with Akkermansia mucini-
phila in overweight and obese human volun-
teers: a proof-of-concept exploratory study.
Nat Med. 2019; 25 (7): 1096-1103. DOL
10.1038/s41591-019-0495-2

8. Cani P.D., Neyrinck AM., Fava F.,
Knauf C., Burcelin R.G., Tuoby KL,
Gibson G.R., Delzenne N.M. Selective in-
creases of bifidobacteria in gut microflora im-
prove high-fat-diet-induced diabetes in mice
through a mechanism associated with en-
dotoxaemia. Diabetologia. 2007; 50 (11):
2374-2383. DOI 10.1007/500125-007-0791-0

9. Pedret A., Valls R.M., Calderon-Pérez L.,
Llauradé E., Companys J., Pla-Paga L.
Moragas A., Martin-Lujan F., Ortega Y., Gi-
ralt M., Caimari A., Chenoll E., Genovés .,
Martorell P., Codorier F.M., Ramoén D.,
Arola L., Sola R. Effects of daily consumption
of the probiotic Bifidobacterium animalis
subsp. lactis CECT 8145 on anthropometric
adiposity biomarkers in abdominally obese
subjects: a randomized controlled trial. Int J
Obes (Lond). 2019; 43 (9): 1863-1868. DOL
10.1038/s41366-018-0220-0

10. Nichols F.C., Yao X, Bajrami B.,
Downes |., Finegold S.M., Knee E., Gallag-
her J.J., Housley W.J., Clark R.B. Phosphory-
lated dihydroceramides from common hu-
man bacteria are recovered in human tissues.
PLoS One. 2011; 6 (2): el6771. DOL
10.1371 /journal.pone.0016771

11. Sokol H., Pigneur B., Watterlot L.,
Lakbdari 0., Bermudez-Humaran L.G.,
Gratadoux ].J., Blugeon §., Bridonneau C.,

Furet J.P., Corthier G., Grangette C.,
Vasquez N., Pochart P., Trugnan G., Tho-
mas G., Blottiere HM., Doré J., Marteau P.,
Seksik P., Langella P. Faecalibacterium praus-
nitzii is an anti-inflammatory commensal bac-
terium identified by gut microbiota analysis of
Crohn disease patients. Proc Natl Acad Sci U S
A 2008 105 (43): 16731-16736. DOL
10.1073/pnas.0804812105

12. Furet J.P., Kong L.C., Tap ]., Poitou C.,
Basdevant A., Bouillot |.L., Mariat D., Cori-
hier G., Doré J., Henegar C., Rizkalla S., Clé-
ment K. Differential adaptation of human gut
microbiota to bariatric surgety-induced weight
loss: links with metabolic and low-grade in-
flammation markers. Diabetes. 2010; 59 (12):
3049-3057. DOL 10.2337/db10-0253

13. Sugawara Y., Kanazawa A., Aida M.,
Yoshida Y., Yamashiro Y., Watada H. Associa-
tion of gut microbiota and inflammatory
markers in obese patients with type 2 diabe-
tes mellitus: post hoc analysis of a synbiotic
interventional study. Biosci Microbiota Food
Health. 2022; 41 (3): 103-111. DOL
10.12938/bmfh.2021-081

Funding. The study had no external
funding.

Conflict of interest. The authors de-
clare no conflict of interest.

Author contributions are equivalent.

Received: 04/25/2024
Revised version received: 04/26/2024
Accepted: 05/15/2024

Please cite this article in English as: Dushina T.S, Klyashev S.M,, Suplotova LA, Dorodneva EF., Nikol-
enko M.V. Characteristics of intestinal microbiota parameters in young people with metabolic syndrome.
Perm Medical Journal, 2024, vol. 41, no. 3, pp. 5-14. DOL: 10.17816/pmj4135-14

14



Perm Medical Journal 2024 volume XLI no. 3

Scientific Article
UDC 616-009.86
DOL 10.17816/pmj41315-27
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Objective. To identify clinical and non-hemorrhagic neuroimaging indicators of probable CAA in patients
with acute non-traumatic lobar hematomas. Cerebral amyloid angiopathy (CAA) is a microangiopathy affect-
ing the leptomeningial and cortical vessels of the brain due to the deposition of pathological p-amyloid in
them. The most common clinical manifestation of CAA is lobar hematomas (LH) - spontaneous intracerebral
hemorrhages localized between the cerebral cortex and basal ganglia. LH can also occur in hypertensive cere-
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bral microangiopathy (hCMA) in patients with arterial hypertension. Since the tactics of managing patients
with CAA and hCMA differ, it is important to determine the genesis of LH correctly.

Materials and methods. A comparative analysis of clinical and neuroimaging characteristics of acute non-
traumatic hypertension in 32 patients with probable CAA and hCMA was carried out. Along with neurological
examination and neuroimaging, all patients underwent a study using the Montreal Cognitive Assessment Scale
and the Benson Complex Figure Test to reveal visuospatial impairments. The diagnosis of probable CAA was
carried out in accordance with the updated Boston criteria of 2010, the diagnosis of hCMA was based on
clinical data, anamnesis and results of neuroimaging of the brain.

Results. Probable CAA was diagnosed in 16 patients, and in all these cases it was combined with hCMA
(1" subgroup). Isolated hCMA as a cause of LH was also observed in 16 patients (2" subgroup). Patients of
subgroup 1 were statistically significantly more likely to have clinically pronounced visual impairments, per-
formed the MoCA subtest and the Benson Complex Figure Test worse, and the overall assessment of their
cognitive functions according to Mo SA was lower than in patients of subgroup 2. According to neuroimaging
data, in the 1" subgroup of patients, an expansion of perivascular spaces in the semi-oval center and a zero or
negative value of the front-occipital gradient were more often detected. The application of the logistic regres-
sion method made it possible to integrate potential CAA indicators and create a prognostic model for reveal-
ing this pathology in patients with hypertension.

Conclusions. Clinically pronounced disorders of primary and higher visual functions, a negative front-occipital
gradient and expansion of perivascular spaces in the semi-oval centers can serve as indicators of probable CAA in
patients with acute lobar hematoma. On admission of such patients to the vascular center, it is advisable to in-
clude iron-sensitive pulse sequences in the neuroimaging screening protocol to verify the diagnosis of CAA.
Keywords. Cerebral amyloid angiopathy, lobar hematoma, intracerebral hemorrhage, hypertensive microan-
giopathy, perivascular spaces, front-occipital gradient.

Ieanb. Boipinenue KIMHAYECKUX U HETEMOPPATHYECKUX HEMPOBU3YAIM3ALMOHHBIX MHAUKATOPOB BEPOAT-
HOU 11epe6PATbHON AMUTOMHON AHTHONATHH Y MALMEHTOB ¢ OCTPBIMU HETPABMATHYECKUMHU JIOOAPHBIMU
reMatoMamu. llepebpanbHas aMuwionHas auruonarud (LIAA) — MUKPOAHIHONATHA, IOPKAIOAS JIENTOME-
HUHTMAIbHBIE ¥ KOPTUKAIBHBIE COCY/IBI TOIOBHOTO MO3Id BCJIEACTBHE OTIOKEHNA B HUX MATOJIOTMYECKOrO
-amunonaa. Hanbonee yacroe xinHmdecKoe npossiaeHue LIAA — no6apreie rematomsl (JIT), T.€. CIOHTAH-
HBIE BHYTPMMO3I'OBBIE KPOBOM3IMAHMA, JOKATU3YIOIUECA MEKAY KOPOH TOTOBHOTO MO3TA U 0a3a1bHBIMU
raumaMu. JII' Takoke BCTPEYaloTca U NPU TUNEPTEH3UBHON LiepeOpaIbHON MUKpoaHruonatuu (rlMA) y
OOJIbHBIX APTEPUATIBHON TUIIEPTEH3UEN. [IOCKONBKY TAKTHMKA BefiCcHUA MAlMeHTOB C LIAA u rI]MA pasnuyaer-
€A BKHO NPABUIBHO OnpeeanTh renes JII.

Matepuannl 1 METOABL [IPOBE/ICH CPABHUTE/BHBINA AHAIN3 KIMHUKO-HEHPOBU3YAIM3ALIIOHHBIX XaPAKTEPU-
CTUK OCTPBIX HeTpaBMaTHIeCKuX JII'y 32 uenosek ¢ BepoaTHOi LIAA u rlIMA. Hapsazy ¢ HEBPOIOTMYECKUM OC-
MOTPOM U HEMPOBU3YIU3AIMEH BCEM MAIMEHTAM IPOBOAUIOCH UCCIENOBAHUE C MPUMEHEHUEM MKl MOCA
U TECTA CNIOAKHOU (pUrypbl BeHCOHA U1 BBIABICHUA 3PUTENLHO-IPOCTPAHCTBEHHBIX HAPYIIEHUIL. JIMarHOCTUKA
BEPOATHOM LIAA OCYIECTBIIACH B COOTBETCTBUM C OOHOBNEHHBIMU bocToHckuMu kpurepuamu 2010 1., auar-
HOCTHKA I'TIMA OCHOBBIBA/IACH HA KIMHUKO-AHAMHECTUYCECKHX JAHHBIX U PE3YIbTATAX HEHPOBU3YATU3ALUML.
Pesyasratsl. Bepositias [IAA Gblia IMATHOCTHPOBAHA § 16 GOMBHBIX, K BO BCEX CTYYAIX COYCTATACH C
rlIMA (1-s moarpynma). MsomuposarHas riIMA kak npuduna JIT Tawke otMeyanach y 16 601bHbIX (2-51 07
rpymmna). bonbHele 1-f MOATPYNIIB CTATUCTUYECKU 3HAYUMO YaIle UMEMM KIMHUYECKH BBIPAKEHHBIE 3pU-
TEJIbHBIE HAPYMEHUS, XyA€E BHIIONHAIM cyoTecT MOCA U TecT CIoKHON (urypsl beHCoHa, 061mas OLEHKa
KOTHUTHUBHBIX (DyHKUIMI 110 MOCA 6bUta Hipke, 9eM BO 2-1 moprpymme. 110 JaHHBIM HEHPOBU3YAIN3ALUN
B 1-i1 IOATPYIIIE MALMEHTOB Yale OOHAPYKUBAIOCh PACIIMPEHHE EPUBACKY/IIPHBIX IPOCTPAHCTB B IIOIY-
OBAIBHOM LIEHTPE M HYJIEBOE WIM OTPULIATENBHOE 3HAYEHHUE (PPOHTOOKLIMIUTAILHOTO IpajuenTa. [pume-
HEHUE METOAA JIOTUCTHYECKO PETPECCUHU TTO3BOMIIIO MHTETPUPOBATD IIOTEHIMAIBHBIC HHAUKATOPEI LIAA 1
CO3/jaTh IPOTHOCTUYECKYIO MOJE/b 1 BbIABICHKA 3TOM IATONOTMY Y NALUeHTOB ¢ JIT.

BoiBozbl. KITMHAYECKH BBIPOKEHHbIE HAPYIIEHNA EPBUYHBIX U BBICIINX 3PUTEbHBIX (DYHKLMIA, OTPULIATEb-
HbIA (DPOHTOOKUMIATAIBHBI IPAAUEHT M PACIIMPEHUE NIEPUBACKY/IAPHBIX IPOCTPAHCTB B IIOMYOBAJIbHBIX LICH-
TPAX MOTYT CITyAKUTb UHMKATOPAMY HAI4KA BepOoATHOH LJAA y 60mbHBIX ¢ ocTpoi JIT. Takum manyenTaM 1pu
TNOCTYIVIEHAN B COCYAMCTBINA LIEHTP B IPOTOKON HEMPOBU3YATM3ALMOHHOTO OOCIENOBAHMA LIENECOOOPA3HO
BK/TIOYATb JKE/IE304yBCTBUTE/IBHBIE MMITYJILCHBIE IIOCIEAOBATENLHOCTH UL BEPU(PUKALIY IArHO3a LIAA.
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Kirouessie coBa. LlepedpasbHas aMIIONHAS aHTHONATHS, IOOAPHAA IeMaTOMA, BHYTPHMO3IOBOE KPOBO-
U3/UAHNE, THTIEPTEH3UBHAS MUKPOAHTUONATHS, IEPUBACKYIAPHBIE TIPOCTPAHCTBA, (PPOHTOOKIUIUTATIBHBIN

TPA/TUEHT.

INTRODUCTION

Hemorrhagic stroke accounts for 10-
15 % of all types of cerebral circulation dis-
orders, with intracerebral hemorrhages be-
ing the primary component. The medical
and social significance of intracerebral
hemorrhages (non-traumatic intracerebral
hematomas) is underscored by a mortality
rate that reaches 50 % or higher, while the
disability rate among surviving patients ex-
ceeds 3.0 per 1000 population [1].

The most common cause of intracerebral
hemorrhages (up to 35 %) is arterial hyper-
tension and the associated hypertensive cere-
bral microangiopathy (hCMA). It is important
to differentiate this pathology from cerebral
amyloid angiopathy (CAA), which is a less
common, but possible (up to 20 %) cause of
intracerebral hematomas in the elderly [2].

The importance of diagnosing CAA as a
cause of intracerebral hematomas is deter-
mined by the specific management strate-
gies for patients and the prognosis of the
disease. In particular, with CAA, the risk of
recurrent intracerebral hemorrhage is sig-
nificantly higher, and antihypertensive ther-
apy is not as effective in preventing it com-
pared to hCMA [3]. Furthermore, patients
with CAA have restrictions on the use of
antithrombotic therapy and statins for the
prevention of ischemic stroke, which is also
a risk in both CAA and hCMA [4; 5].

Cerebral amyloid angiopathy (CAA) is a
pathology of the brain vessels characterized

by the deposition of beta-amyloid in the
walls of medium and small-caliber arteries
(up to 2 mm in diameter), arterioles, and
capillaries of the cerebral cortex, leptomen-
ingeal vessels, and some other vessels, and
less frequently in venules [6]. CAA is one of
the common causes of strokes [7]. Since
CAA primarily affects the cortical and lep-
tomeningeal vessels, the most common
manifestations of CAA are multiple superfi-
cial microhemorrhages and lobar (i.e., local-
ized in the cortical or subcortical areas of
the brain) intracerebral hematomas [§].

The diagnosis of CAA is established
based on the Modified Boston Criteria of
2010, which include patients’ age over 55
years, results from clinical examinations,
laboratory data, and neuroimaging findings
(CT or MRI of the brain) [9]. According to
the currently applicable Modified Boston
Criteria, neuroimaging indicators of CAA
include only hemorrhagic markers, specifi-
cally — single or multiple lobar hematomas
(LH), multiple cortical-subcortical micro-
hemorrhages, and focal or disseminated
cortical superficial siderosis (cSS).

The identification of LH in a patient
based on CT or MRI data increases the like-
lihood of CAA; however, in the absence of
information about cortical microhemor-
rhages, this is insufficient for the diagnosis
of CAA [10]. At the same time, recognizing
small cortical hemorrhages and ¢SS requires
the use of additional MRI pulse sequences,
which are not employed in most vascular
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centers during the initial examination of
patients with strokes. All of the above high-
lights the importance of searching for such
signs, the detection of which would indicate
the need for additional inclusion of MRI
sequences sensitive to microhemorrhages
and their transformation products (SWI,
SWAN, or T2*GRE) in the neuroimaging as-
sessment of patients with LH [11].

Since CAA is characterized by LH, which
are more often localized in the posterior re-
gions of the brain, the corresponding “indi-
cator” clinical signs of a high likelihood of
CAA may include acutely occurring visual
and visuospatial disturbances. As non-he-
morrhagic neuroimaging biomarkers indica-
tive of a high probability of CAA, it is appro-
priate to discuss the enlargement of perivas-
cular spaces (PVS) in the centrum semiovale,
as well as the predominance of white matter
hyperintensity (WMH) in the postetior parts
of the brain, evidenced by a negative fronto-
occipital gradient (FOG). At the same time,
the informativeness of the listed signs for
differentiating CAA and hCMA as causes of
LH has not been studied [12].

The objective of the study was to iden-
tify clinical and non-hemorrhagic neuroi-
maging indicators of probable cerebral
amyloid angiopathy in patients with acute
non-traumatic lobar hematomas.

MATERIALS AND METHODS

Thirty-two patients diagnosed with acute
hemorrhagic stroke were observed during ex-
amination and treatment at the Nizhny Nov-
gorod Regional Vascular Center. The diagnosis
of “probable CAA” was made according to the
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Modified Boston Criteria of 2010, based on the
presence of the following signs: age over 55
years; presence of multiple hemorrhagic cere-
bral lesions; restricted localization of hemor-
rhages in cortical and subcortical (lobar) re-
gions of the brain, and the absence of other
causes of bleeding (arteriovenous malforma-
tion, traumatic brain injury, brain tumour, vas-
culitis, anticoagulation, etc.) [9)].

The diagnosis of hCMA was established
in the presence of a verified history of arte-
rial hypertension, clinical and neuroimaging
signs of cerebral microangiopathy, and the
establishment of a causal relationship be-
tween them, while the manifestations of the
disease did not comply with the Boston cri-
teria for CAA [9].

All patients underwent neurological ex-
amination, neuropsychological assessment,
and neuroimaging studies. The neurological
examination was supplemented by a quanti-
tative assessment of impairments using the
NIHSS scale. Based on the collection of com-
plaints, analysis of anamnesis, and neurologi-
cal evaluation, the presence of motor
impairments (paresis), somatic sensory dis-
turbances (hypoaesthesia), coordination dis-
orders, and cranial nerve dysfunctions were
considered for each patient. Special attention
during the examination and neuropsy-
chological assessment was given to identifying
potential clinical indicators of likely CAA, such
as visual disturbances of varying levels (he-
mianopsia, central metamorphopsia, visual
agnosias, visuospatial disorders) [13).

For the quantitative assessment of visu-
ospatial praxis and gnosis, a cube copying
task was used as a component of the MoCA
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test (0 points — no impairments in cube
copying, 1 point — impairments in cube
copying), as well as the Benson Complex
Figure Test [14]. The Benson Complex Figure
Test is a simplified version of the Rey-
Osterrieth Complex Figure Test used to as-
sess visuoconstructive abilities and visual
memory. A patient was asked to copy the
figure and then reproduce it from memory
after 10-15 minutes [15]. Each element of
the figure in this test is scored out of 2 points
if the element is accurately drawn and cot-
rectly positioned on the figure (1 point for
accuracy, 1 point for placement). 1 point is
awarded if the element is poorly drawn but
correctly placed, or accurately drawn but not
in its correct position, and 0 points is given if
the element is neither drawn nor placed cor-
rectly. A bonus point is awarded when the
figure is well-drawn (ie. each element must
be accurately drawn, all elements must be
correctly placed, all elements must be drawn
in proper proportions, all connections be-
tween elements must be clear, and no extra-
neous lines should be present). The total
score is calculated, with a maximum possible
value of 17 points [15].

For the quantitative integral assessment
of the degree of cognitive dysfunction, the
Montreal Cognitive Assessment (MoCA)
scale was used [106].

The neuroimaging study was conducted
using a General Electric Signa Infinity HiS-
peed Plus MRI scanner with a magnetic field
strength of 1.5 T. The research protocol in-
cluded T2, T1, and FLAIR pulse sequences in
three planes, as well as a T2°GRE pulse se-
quence to verify areas of hemoglobin deriva-

tive deposits (including regions of micro-
hemorrhages).

To determine the nature and localiza-
tion of the brain lesion, all patients under-
went CT and MRI of the brain.

Neuroimaging data were used to assess
the presence of LH, microhemorrhages, cSS,
and PVS. Additionally, the frontal-occipital gra-
dient (FOG) was calculated to evaluate the
varying degrees of T2 hyperintensities in white
matter between the frontal and occipital lobes.

The localization of intracerebral he-
matomas (lobar vs deep) was determined
according to the approach of GJ. Falcone
et al. (2013). A lobar (subcortical) hema-
toma was defined as an intracerebral
hemorrhage localized in the cortex and the
adjacent subcortical area, while a deep
hematoma was defined as a hemorrhage
affecting only the thalamus, basal ganglia,
internal capsule, and deep periventricular
white matter [10]. In addition, the localiza-
tion of lobar hematomas was conditionally
divided into two categories: the first —
frontal, parietal, and frontoparietal local-
ization of hematomas; the second — tem-
poral, occipital, and temporo-occipital.

Cerebral superficial microhemorrhages
and their count were assessed using axial
T2"-weighted images. The number of
microhemorrhages was classified as small
(0-4), medium (5-9), and large (=10).
Similarly, the evaluation of deep microhem-
orrhages (located in the deep white matter)
was performed in the same manner.

Cortical superficial siderosis (cSS) was
assessed based on MRI results in T2* mode
(gradient echo) as follows: 0 points — no
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¢SS, 1 point - focal, limited to involvement
of 1-2 sulci of the brain, 2 points — multi-
focal, involving 3 or more sulci of the brain
[17]. The detection of multiple microhemor-
rhages and ¢SS was necessary for diagnosing
CAA according to its criteria.

Alongside this, the analysis included
those non-hemorrhagic neuroimaging
markers that, although not included in the
current Boston criteria for diagnosing
CAA, may be important for differentiating
it from hCMA, namely PVS and FOG.

To determine the FOG, images in
FLAIR mode were used in the axial plane.
Calculations were performed using the
method by Zhu et al. (2012) [18]. For this
purpose, the scores (each of which could
range from 0 to 2 points on the Zhu scale)
of hyperintensity in the periventricular,
juxtacortical, and deep white matter were
first summed in the frontal region, then in
the occipital region, after which the differ-
ence in total scores in the specified areas
was calculated. The total FOG score can
range from -6 to +6 points.

The perivascular spaces (PVS) were as-
sessed using the method by E.N. Doubal et
al. (2010) with clarifications by A. Charidi-
mou et al. (2019) on axial T2-weighted im-
ages (T2-WTI), separately in the basal ganglia
and separately in the semioval centre of
each hemisphere. The presence of visualised
PVS was regarded as a sign of their expan-
sion. The assessment was carried out using a
4-point visual rating scale as follows: 0
points — no visualised PVS, 1 point — < 10
PVS, 2 points — 11-20, 3 points — 21-40,
and 4 points — = 40 visualised PVS [17]. All
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relevant slices were reviewed, and the pres-
ence of PVS on each side of the brain was
assessed, after which a score corresponding
to the side and slice with the highest num-
ber of identified PVS was assigned [19].

Statistical analysis of the data was con-
ducted using the SPSS 23 software package.
Normality testing for quantitative variables
was not performed due to the small sample
size and the established groups. Therefore,
within the framework of descriptive statis-
tics, the median and interquartile range
(Me [Q1; Q3]) were calculated for all quan-
titative and ordinal parameters. Qualitative
(binary) variables were described by calcu-
lating the proportions (%) of individual
categories of patients in the studied sample
and in the groups. Pairwise comparisons of
groups for quantitative and ordinal pa-
rameters were conducted using the Mann-
Whitney U test. The assessment of differ-
ences in binary traits was conducted using
the analysis of contingency tables. Differ-
ences in binary variables were assessed us-
ing chi-squared (x*) tests and Fisher’s exact
test (when the values in the cells of the
contingency tables were less than 5). Dif-
ferences were considered statistically sig-
nificant at p < 0.050.

To provide an integral assessment of the
prognostic ability of the identified predictors
of CAA in patients with LH, a binary classifier
was developed based on the use of a logistic
regression model. For training, specialized
libraries of the Python programming lan-
guage (Pandas', Numpy [20], Scikit-Learn®)

' pandas-dev/pandas: Pandas. Zenodo, available at:
https://zenodo.org/records/10426137
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were used, as well as the software package
AutoStatPack (Certificate of state registration
of the computer program No. 2020663190).

RESULTS AND DISCUSSION

The medical history data and cardi-
ological examination results indicated the
presence of stage III hypertension in all
32 examined individuals. Signs of probable
CAA, according to the modified Boston cri-
teria, were observed in 16 patients. In all
these cases, CAA was associated with hCMA.
Patients with LH against the background of
combined CAA and hCMA comprised the
first subgroup (8 men and 8 women, mean
age 68.5 [67.0; 82.2] years). The second sub-
group included 16 individuals with LH
against the background of isolated hCMA
(9men and 7 women; median age 67.5
[63.0; 73.5] years). The groups did not have
statistically significant differences in age and
sex, nor in the frequency of motor, coordi-
nation, and somatic sensory disturbances.

Patients with CAA had statistically sig-
nificantly more frequent LH localized in the
temporal, occipital, and temporo-occipital
regions compared to those with hCMA
(Table 1). This fact appears to be quite logi-
cal, as it has previously been established that
intracerebral hemorrhages in the occipital
and parietal lobes are more characteristic of
CAA [21]. Some authors attribute this to the
fact that occipital vessels, for some reason,
have thicker walls and can therefore ac-
commodate  significantly more amyloid

* scikit-learn/scikit-learn: Scikit-learn 1.3.2. Zenodo,
available at: https://zenodo.org/records/10039710

compared to vessels in other areas of the
brain [3; 8].

Alongside this, patients in the first sub-
group exhibited statistically significantly
more frequent visual disturbances, such as
hemianopsia, metamorphopsia, visual ag-
nosia, and spatial apraxia, compared to
those in the second subgroup. There were
also statistically significant differences in
the results of tasks involving cube copying,
figure copying, and memory drawing of the
Benson figure and MoCA (see Table 1). Such
a high frequency of primary visual function
and visuospatial disturbances can be ex-
plained by the predominant involvement of
the posterior regions of the brain in CAA
[22]. Our data are supported by the findings
of the study by Y. Su et al. (2021), which
discovered that clinically detectable visu-
ospatial dysfunction may serve as an inde-
pendent marker for the presence of CAA in
non-demented patients [22].

In the first subgroup of patients, multi-
ple visible (ie., enlarged) perivascular spaces
(PVS) in the centrum semiovale were also
more frequently detected than in the second
subgroup (see Table 1). In this regard, it
should be noted that several authors point
out the nonspecific nature of PVS enlarge-
ment, which can be observed with aging and
arterial hypertension, not only in cases of
CAA [23]. However, our data suggest the po-
tential use of this indicator as a neuroimag-
ing marker of CAA, which aligns with the
opinion of A. Charidimou et al. (2019), who
even propose including it in the new version
of the Boston criteria for CAA diagnosis.
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Table 1
Comparative characteristics of patients
Overall group, | CAA patients | hCMA patients
Farameter =gy ), D16 ), et | P
Age, years, Me [0,; O] 0801[63.2;74.0] | 685 [67.0;82.2] | 675 [63.0; 73.5]| 0450
Women, abs. (%) 15 (469) 8 (50.0) 7 (43.8) 1.000
Men, abs. (%) 17 (53.1) 8 (50.0) 9(56.2) 1.000
Localization
Frontal, parietal, fronto-parietal, abs. (%) 20 (62.5) 8 (500) 12 (75.0) 0.144
Temporal, occipital, and temporo-occipital, abs. (%) 18 (56.3) 13 (81.3) 5(313) 0.011
Clinically manifest visual disturbances, abs. (%) 16 (50.0) 12 (75.0) 4 (25.0) 0012
Neuropsychological tests
Cube copying test, number of patients with
disturbances (%) 19 (594) 14 (87.5) 5(31.2) 0.003
Benson test, points: Me [0; 0] 16[14.0,17.0] | 14[140,158] | 17[16.0;17.0] | <0001
Benson test after 10 minutes, points: Me [Q; O] 85(7.25;125] | 801[6.0,80] |[125[10.0;14.0]| <0.001
MoCA, points: Me [Q; O] 180 (12.0;20.0] | 12.0 [10.0; 18.0] | 20.0 [18.0;, 24.3] | < 0.001
Non-bemorrbagic neuroimaging markers

Enlarged perivascular spaces (PVS) in the centrum
semiovale, abs, (%) 18 (56.3) 16 (100.0) 2(125) <0001
Fronto-occipital gradient (FOG) greater than 0, abs. (%) 9(281) 0(0.0) 9 (56.3) 0.001

The values of FOG in the first subgroup
ranged from 0 to -4, while in the second
subgroup, they ranged from 1 to 5 points.

These results contradict the findings of
S. Phuach et al. (2022), who did not find a
predominance of white matter hyperinten-
sity (WMH) in the posterior parts of the
brain in cases of CAA, but are consistent with
the opinion of A. Charidimou et al. (2010),
who consider negative values of FOG to be
typical for CAA, in which white matter dam-
age predominates in the occipital regions of
the brain and in the periventricular white
matter around the posterior horns of the
lateral ventricles [24; 25]. In contrast,
with hypertensive cerebral microangiopathy
(hCMA), WMH, according to neuroimaging
data, is uniformly expressed throughout the
entire periventricular region [25].
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At the next stage of the work, an analy-
sis was performed on the predictive value of
the clinical and non-hemorrhagic neuroi-
maging indicators that demonstrated statis-
tically significant intergroup differences and
could therefore serve as potential indicators
of CAA in patients with LH. For this pur-
pose, the entire group of patients was di-
vided into training and testing samples in a
ratio of 60/40 (19 and 13 patients, respec-
tively). The proportion of patients with CAA
(coded as 1) in the training sample was
53 % compared to 46 % in the testing sam-
ple. Structural differences in the specified
samples regarding the presence of CAA
were not significant (p = 0.570). The pre-
dictive model was constructed using data
from the training sample, and the quality of
the model was evaluated on the testing
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sample. The resulting equation of the logis-
tic regression model is as follows:

1

o (FO230SLX 40,64 0,40,15-X,-0,5-X,~0,43-X; ~X(+0,79:-X;) 2

P=

1+

where P is the probability of the presence of
CAA (coded as 1) in a patient, X1-7 are the val-
ues of the predictors in the model (see Table 2).
The decision regarding the presence of
CAA in a patient was made when P = 0,5, and
for the absence of CAA when P <0,5. The ac-
curacy of the model was 100 [84.3; 100] % for
the test sample, indicating excellent classifica-
tion quality. However, it should be understood
that the performance of the model may de-
cline in real clinical practice (within the confi-
dence interval) when non-classical cases arise
that may not have been present in the training
and test samples during model development.

Given the small size of the training and test
samples, additional evaluation of the model’s
prognostic ability and correction of binary
classification quality metric values are required
when analyzing an expanded data set.

From the data in Table 3, it follows that
the obtained model, which includes the
clinical and neuroimaging indicators we se-
lected, provides a high quality of personal-
ized diagnosis of probable CAA in a patient.

CONCLUSION

Data from the patients with lobar he-
matomas and probable CAA differed from
those in the patients with hypertensive
cerebral microangiopathy by a more fre-
quent occurrence of primary visual function
impairments and visuospatial disturbances

Table 2

Clinical and neuroimaging indicators included as predictors in the logistic
regression model for predicting CAA =1

Code Description and Data Entry Format Feature Type
X, Temporo-occipital localization: yes - 1, no - 0 Binary
X, Visual disturbances: yes — 1,no - 0 Binary
X, Cube copying test: yes — 1,n0 - 0 Binary
X, Benson test, points Quantitative
X MoCA, points Quantitative
X, Fronto-occipital gradient Quantitative
X, Perivascular spaces, enlargement - 1, no enlargement — 0 Binary

Table 3
Prediction quality metrics

SL.Ne Metrics, % Metric value [95 % confidence interval]
1 Accuracy 100 [84.3; 100]
2 Sensitivity 100 [84.3; 100]
3 Specificity 100 [84.3; 100]
4 Positive Predictive Value (PPV) 100 [84.3; 100]
5 Negative Predictive Value (NPV) 100 [84.3; 100]
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in the clinical presentation of the disease, as
well as a more pronounced overall decline
in cognitive functions.

Lobar hematomas, associated with CAA,
compared to hypertensive lobar hemato-
mas, were statistically significantly more
likely to have temporo-occipital localization
and were more frequently associated with
the enlargement of perivascular spaces in
the semioval centers of the cerebral hemi-
spheres and with a negative fronto-occipital
gradient of hyperintensity of white matter.

Clinically significant impairments of
primary and higher visual functions, a nega-
tive fronto-occipital gradient, and the
enlargement of perivascular spaces in the
semioval centers may serve as indicators of
probable CAA in patients with acute lobar
hematoma. An integral logistic regression
model that included these indicators as
predictors provided excellent quality in
predicting CAA with an accuracy of 100
[84.3; 100] %. For patients with a high suspi-
cion index of CAA based on the application
of the proposed model, it is advisable to
additionally include iron-sensitive pulse se-
quences in the neuroimaging protocol upon
admission to a vascular center for verifica-
tion of the corresponding diagnosis.
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ASSESSMENT OF FUNCTIONAL DISORDERS IN CHILDREN
WITH NARROWING OF DENTITION FROM THE PERSPECTIVE
OF THE INTERNATIONAL CLASSIFICATION OF FUNCTIONING

M.A. Danilova, L.I. Arutyunyan, P.A. Prokoshev*

E.A. Vagner Perm State Medical University, Russian Federation

OLIEHKA ®YHKIIMOHAJIbHBIX HAPYIIEHUI V JETEN

C CY’KEHHMEM 3YBHBIX PAIOB C HO3UIINH MEKTYHAPOIHOI
KJACCHOHUKAIINHN OYHKIIMOHUPOBAHUA

M.A. Janunoea, /1. U. Apymonan, I1.A. IIpoxowes*

[lepmckuii 20cyoapcmeenoiit MeOUUUHCKULL yHusepcumem umeny axaoemuxa E.A. Baznepa,
Poccutickasn @eoepauus

Objective. To assess functional disorders in children with narrowing of the dentition from the perspective of
the international classification of functioning.

Materials and methods. The indicators of the components of the international classification of functioning
were analyzed and assessed in 75 children with narrowing of the dentition aged 6-9.

Results. Nasal breathing impairments and speech disorders were found in children with narrowing of the dentition.
Conclusions. Orthodontists, otorhinolaryngologists, and speech therapists can use the parameters of the in-
ternational classification of functioning to assess functional disorders in children with narrowing of dentition.
It will help interdisciplinary planning in early diagnosis and treatment.

Keywords. International Classification of Functioning, rhinomanometry, nasal breathing.
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JYHAPOAHOH K1acCU(UKALUN (PYHKIMOHUPOBAHUS [IOMOXKET C(OPOPMUPOBATH KOMIUIEKCHBIH TIOAXOJ K Jieye-
HUIO JIETEN C CyKEHUEM 3YOHBIX PSJIOB.

MaTtepuanbl 1 METOABL. [IPOBECH aHAIN3 JOMEHOB 1 OLICHKA TIOKA3ATeNelN COCTABMAIOMUX MeKIyHAPOa-
HOH KIaccuUKAIIK (PYHKIMOHUPOBAHHUS Y 75 JIETEH C CyKEHHEM 3YOHBIX PSJIOB B Bo3pacte 6-9 .
Pe3ynbTarhl. V J€TEl C CyKEHUEM 3YOHBIX PANOB BbIABICHb HAPYIIEHH HOCOBOTO JBIXAHUSA U U3MEHEHNUA
(DyHKIMI peyn.

BoiBogbI. Bpaun-0pTOZOHTEL, OTOPHHOIAPUHIOJIOIH, 4 TAKKE JIOTONEAB! MOTYT UCIO/b30BATh TAPAMETPHI
MEX/IYHAPOAHOU KIacCU(pUKALUK (PYHKIIMOHUPOBAHUA /I OLEHKY (DYHKIMOHAIbHBIX HAPYMIEHUH Y [JIe-
Tel C CYXKEHUEM 3YOHBIX PAZIOB, YTO MOMOTAET MEKIUCHUAINIMHAPHOMY IIAHUPOBAHUIO B PAHHEN IMArHO-

CTHKC U JICUCHUH.

KiroueBbie ¢10Ba. MexyHapoiHas KIACCH(pHKAII (PYHKIMOHUPOBAHFS, PUHOMAHOMETPHSL, HOCOBOE JIBIXAHHE.

INTRODUCTION

Modern studies reveal that the narrow-
ing of the upper jaw leads to impaired nasal
breathing. Others believe that the impair-
ment of nasal breathing results in narrowed
dental arches. The narrowing of the dental
arches in children with impaired nasal
breathing increases with every year of a
child's life. This is especially pronounced at
the beginning of tooth change, when im-
proper tooth eruption prevails.

MATERIALS AND METHODS

To determine functional disorders in
children, we used the domains of the inter-
national classification of functioning in 75
children aged 6-9 years undergoing ortho-
dontic treatment at the Department of Pedi-
atric Dentistry and Orthodontics of Perm
State Medical University and the “Lyubimyi
doctor” (“Favorite Doctor”) medical center,
Perm. The main and additional examination
methods were carried out in the following
sequence: collection of complaints, anamne-
sis, examination, photometric analysis of the
face, cephalometric and morphometric cal-

culation, determination of the condition of
the upper respiratory tract by an otorhi-
nolaryngologist, speech assessment by a
speech therapist. To determine the degree of
narrowing of the upper jaw, we used the
measurement of the width of the dental arch
using the Pont index — the distance between
the points of the first permanent molars of
the upper jaw. Moreover, the patients un-
derwent orthopantomographic and telero-
entgenographic studies with the description
of the condition of the maxillary sinuses and
nasal septum. For an objective assessment of
nasal breathing, otorhinolaryngologists used
the method of anterior active rhinoma-
nometry with the Rhinoscan SRE 2000
INTERACOUSTIC equipment. The results
were generated into an Excel database and
processed using the SPSS Statistics 5.0 soft-
ware. The average value of the analyzed indi-
cators, standard deviation, average error and
Student’s i-test were calculated. The differen-
ces were considered significant at p < 0.05.

RESULTS AND DISCUSSION

75 examined children aged 6-9 years
were divided into two groups: 42 children with
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habitual mouth breathing and narrowing of
the upper dental arch, where the distance be-
tween the palatine surfaces of the first perma-
nent molars was less than 35 mm (main
group). The comparison group included
33 children with nasal breathing and with a
sufficient width of the upper dental arch.

We evaluated the indicators and se-
lected domains suitable for our study from
the components of the International Clas-
sification of Functioning (ICF): “functions
and structure of the body”, “activity and
participation”. Then we used the ICF
evaluation system for children with distal
occlusion and functional disorders and as-
sessed the selected domains.

For effective analysis, the ICF evalua-
tion displays were used for the presented
classification  components  (“functions”,
“structures”, “activity and participation”),
which were assigned codes. Differences in
treatment dynamics were analyzed using a
color scale opposite each code.

Among the components of the clas-
sification of “functions”, we selected the
following domains: articulation functions
(b320), voice functions (b310), respiratory
functions (b440); among the “structure”
components: teeth (s3200), nose structure
(s310), mouth structure (s320), respiratory
system structure (s430), hard palate
(s32020); among the “activity and speech”
components: speech (d330), oral care
(d520), conversation (d350), parent—child
relationship (d7600).

Each domain was evaluated in a com-
prehensive clinical examination using the
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methods brought to the unified definitions
of the ICF:

xxx.0. NO problems (none, not pre-
sent, negligible, ...) 0-4 %.

xxx.1. MINOR problems (insignificant,
mild, ..) 5-24 %.

xxx.2. MODERATE problems (average,
significant, ...) 25-49 %.

xxx.3. SEVERE problems (high, intense...)
50-95%.

xxx.4. ABSOLUTE problems (complete,
) 96-100 %.

xxx.8. Not identified (NI).

xxx.9. Not applicable (NA).

Special displays were compiled to work
with children who had verified narrowing of
the dentition, as well as speech and breath-
ing disorders. They are shown in the figure.

As a result, it was found that, despite the
presence of narrowing of the dentition in
children of both groups, statistically signifi-
cant differences were revealed between
them in the components of the classification
of “functions”, “structures” and “activity and
speech”, assessed with the Mann-Whitney
U-test (p = 0.034).

When analyzing the children in the
main group, three domains were identified
as being most significantly disrupted in the
“functions” component of the classification,
five in the “structures” component, and four
in the “activity and speech” component. In
contrast, in the children from the compari-
son group, there were only one, two, and
one maximally disrupted parameter in each
of these components of the classification
respectively.
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In a comparative analysis, the average
functional impairment in children from the
main group ranged from 32 % to 51 %, while
in patients from the comparison group, it
ranged from 6 % to 23 % (p = 0.026). In addi-
tion, more pronounced impairment in the
categories of “activity and speech” was identi-
fied among children with narrowing of the
dentition, reaching 52% compared with
those in the comparison group (up to 23 %).
This was mainly manifested in the assessment
of the domains of speech, conversation, and
parent-child relationship (p = 0.021).

A comparative analysis of the compo-
nents of the “structures” domain in assess-
ing the size of the upper dentition revealed
a narrowing and shortening of the dental
arch in patients with impaired nasal breath-
ing. The narrowing of the upper dental arch
leads to a decrease in space in the dentition,
which can cause crowding or retention of
teeth. The narrowing of the upper jaw re-
sults from a complex interaction between

various factors that affect the myodynamic
balance in the maxillofacial region.

The impairment of the myodynamic
balance affects both the growth of the jaw
and the position of the teeth. Lip closure
becomes disrupted, the position of the
tongue changes, and the imbalance of the
chewing muscles increases.

CONCLUSION

The application of the International
Classification of Functioning in children
with narrowing of the dental arches reveals
the breadth of assessment of impaired func-
tions and the possibility of its use in dynam-
ics to analyze the effectiveness of complex
treatment. The developed evaluation display
facilitates the process of diagnosing disorders
in children with narrowing of the dentition
using the International Classification of
Functioning and will allow assessing these
disorders in the dynamics of treatment.

Evaluation at the beginning of treatment

Components of ICF Definition of ICF
Functions 0 1 2 3 4 NI NA
b 440 Respiratory functions
b 310 Voice functions
b 320 Articulation functions
Structures 0 1 2 3 4 NI NA
$ 310 Nose structure
$ 320 Mouth structure
$430 Respiratory system structure
$3200 Teeth
$32020  |Hard palate
Activity and speech 0 1 2 3 4 NI NA
d 330 Speech
d 350 Conversation
d 520 Oral care
d7600  |Parent-child relationship

Fig. The ICF Evaluation Display for patients with narrowing of the dentition and functional disorders
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An integrated approach to early detec-
tion and correction of the dentition narrow-
ing, assessed in accordance with the Interna-
tional Classification of Functioning, at an early
age, facilitates normal child development.
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METABOLIC FATTY LIVER DISEASE AS A RISK FACTOR FOR EARLY
RENAL DYSFUNCTION IN WOMEN OF REPRODUCTIVE AGE

P.E. Erbes, S.G. Shulkina*, E.N. Smirnova

E.A. Vagner Perm State Medical University, Russian Federation

METABOJIMYECKH ACCOITMUPOBAHHAS JKHPOBAA BOJIE3HD
IIEYEHU KAK ®AKTOP PUCKA PAHHEN PEHAJIbHOM
THUCO®YHKIINH Y ;JKEHIIIVH PENPOAYKTUBHOI'O BO3PACTA

I1.D. Bpoec, C.I. lllyavkuna®, E.H. Cuuprosa

[lepmckuii 20cyoapcmeenoiil MeOUUUHCKULL yHusepcumem umeny axaoemuxa E.A. Baznepa,
Poccutickasn Qeoepanus

Objective. To study the correlation of adipocytokines with early renal dysfunction indicators in women of
reproductive age with obesity and metabolic fatty liver disease.

Materials and methods. The study included 100 obese females divided into 2 groups. The 1% group consisted of
patients (12 = 50) diagnosed with metabolic fatty liver disease aged 40.5 = 2.8, and the 2™ group contained patients
(n=50) without metabolic fatty liver disease (MFLD). The level of insulin, cystatin C, resistin, leptin, monocyte
chemoattractant protein (MCP-1), vascular endothelial growth factor (VEGF), interleukin 6 (IL-6), tumor necrosis
factor o (TNF) were determined in blood serum by enzyme-linked immunosorbent assay (ELISA) method. Albumin-
to-creatinine ratio, TNF- o, MCP-1, IL 6, cystatin C, 8 -microglobulin, VEGF were determined in morning urine.
Results. Increased levels of pro-inflaimmatory cytokines and endothelial dysfunction were revealed in group
1 in relation to both the comparison and control groups. In patients with MFLD associations of resistin level
were the following: with HOMA(r = 0.60), alanine aminotransferase (ALT) (r=0.54), aspartate aminotrans-
ferase (r=0.71), gamma-glutamyl transpeptidase (r=0.71), high-density lipoprotein (HDL) (r=-0.54),
VEGF (r=0.54), TNF-o (r=0.44), MCP-1 (r=10.57) p<0.05. In the 1" and 2™ groups cytokine urinary excre-
tion and renal dysfunction markers were higher than in the control group. Associations of urinary excretion
of B,-microglobulin with BMI (r=10.33), HOMA (r=0.34), resistin (r=0.30), uric acid level (r=0.50),
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creatinine (= 0.34), thyroglobulin (r=0.31), urinary MCP-1(r= 0.60), IL-6 (= 0.70) p<0.05 were revealed in the
1" group. In group 1 associations of urinary IL 6 with BMI (= 0.35), waist/hip circumference (WC/HC) (r=0.33),
uric acid level (= 0.44), urinary MCP-1(r = 0.74) were positive, and associations with HDL (r = —044) p<0.05.
Conclusions. Resistin can be considered as an unfavourable marker of cardiometabolic disturbances in pa-
tients with MFLD. The association of subclinical inflammation markers and endothelial dysfunction with the
markers of early renal impairment in patients with MFLD which was determined allows to expand the under-
standing of cardio-renal-metabolic continuum.

Keywords. Metabolic non-alcoholic fatty liver disease, early renal dysfunction, adipocytokines, obesity.

Ilean. Y KEHIUH PENPOAYKTUBHOIO BO3PACTa ¢ oxupenneM u MAXKBIT usydeHa B3aMOCBA3Db 4/JATIOLUTO-
KMHOB C TIOK432TEMAMI PAHHEN PEHATBHON IUCHYHKIMHL

Marepuains! 1 MeToapl. B rcaieosanyie 6bu1 BRIoYeHb! 100 sKEHIIMH C OKUPEHTEM, KOTOPBIX PACIPEACTIN [0
rpymman: 1-4 rpyrma — manyeHtst (17 = 50) ¢ yeraHoneHHoit MAJKBIT, Bospact 40,5 & 2,8 T, 2-1 TpyIIIa — MALUEHTbI
(n=50) 6e3 MAYKDIL. B coBopoTke Kposu MeTozioM MDA onpesiessim: YpoBeHb MHCYIUHA, ICTaTHHA C, PE3UCTUHA,
JIENTHHA, MOHOLMTAPHbIA XEMaTTPAKTaHTHbI IpoterH (MCP-1), BackynosHI0TeMaIbHbI (hakrop pocra (BODP),
nrTeprerikud 6 (IL-6), paxrop Hekposa onyxom ambha (PHO-o). B yrperHert mopipir MOu# OMpEICTsun COOTHO-
TmeHue «AmbOyMuH/Kpeatutity, ®PHO-o, MCP-1, IL-6, tctati C, B,-MUKPOIIOGyiH, BRDP.

PesyabTarel. B 1-11 rpymmne BbIABJIECHB! NIOBBIIEHHBIE YPOBHA IIPOBOCIAIATENBHBIX IMTOKUHOB 1 JUC(YHK-
MU 3HAOTENNS OTHOCUTEIBHO KAK JIAHHBIX TDYIIIBI CPABHEHMS, TAK W TPYNIIBI KOHTPOJAL. B rpymme c
MAKBIT monyyeHs! accormaruu ypostst pesuctiaa ¢ HOMA (r= 0,60), AIIT (r=0,54), ACT (r= 0,71), [TTII
(r=0,71), JIIBIT (r=-0,54), BOOP (r=10,54), PHO-o (r=0,44) u MCP-1 (r=0,57) p <0,05. B 1-1 1 2-i1
TPYIIIAX MOYEBAA SKCKPELIMA IUTOKUHOB U MAPKEPOB PEHAIBHON AUC(HYHKIUN [IPEBBIIAIA 3HAYCHUA IPYII-
Tl KOHTPONA. B 1-11 IpynIe BIABIEHBI CBA3M MOYEBOU 3KCKpenuu fB,-MukpornodymHa ¢ UMT (r=0,33),
HOMA (r=0,34), pesucruna (r=0,30), ypoBHeM MOu€BON KuCIOTHL (1= 0,50), Kpeatununa (r=0,34),
T (r=0,31), mouesbimut MCP-1 (r = 0,60) u IL-6 (= 0,70), p < 0,05. B 1-it rpymme IL-6 Moun uMen mOTOKH-
TenpHble cBazu ¢ UMT (r=0,35), OT/OBb (r= 0,33), ypoBHEM MOY€EBOH KUCAOTHL (= 0,44), MoueBbiM MCP 1
(r=0,74) n orpunarenpryto ¢ XC JIIIBII (r=-044) p < 0,05.

BoIBOABI. Pe3UCTUH MOXET OBITH PACCMOTPEH B KAUECTBE HEOIATOIPUATHOIO MAPKEPA KApAUOMETaboIYE-
CKUX HapyueHuit y i ¢ MAXKBIL. YcraHoBneHHas B3aUMOCBA3b MAPKEPOB CYOKIMHUIECKOIO BOCIIANEHNS U
JUCYHKINY SHAOTENNA C MAPKEPAMU PAHHETO NTOYEYHOTO TTOBPEXAEHNA y 60MbHBIX ¢ MAJKBII mossonser
PACIIMPUTD IPEACTABNEHNA O KAPAUO-PEHO-METAO0MMYECKOM KOHTUHYYME.

KiroyeBnie c10Ba. MeTabOMNYECKN ACCOLMMPOBAHHAA HEAIKOIOJIbHAS JKUPOBAsA OOJNE3HD 1IEUECHH, PAHHSAA
pEHAIbHASA JUCHYHKINA, AAUIOLUTOKUHEL OXKHPEHUC.

INTRODUCTION liver disease (MAFLD) [1; 2]. The number of

patients with chronic kidney disease (CKD) is

There are 33 million obese people in the
Russian Federation®. It has been proven that
metabolic syndrome in combination with
non-alcoholic fatty liver disease (NAFLD) is
associated with an increased risk of cardio-
vascular death, in this regard, in 2020, the
European Society of Gastroenterologists pro-
posed to combine the combination of meta-
bolic syndrome with fatty liver disease into
the concept of metabolically associated fatty
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increasing annually in the world, as of 2019,
the disease was detected in 850 million peo-
ple [3]. The significant contribution of fatty
disease to the development and progression
of CKD is beyond doubt. The prevalence of
CKD in patients with fatty liver disease is
20-50 % [4; 5] The mechanism of renal dys-
function in patients with MAFLD has not
been fully studied. The liver is a generator of
markers of inflammation, endothelial dys-
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function and fibrosis, which can serve as
binding components in the development of
renal dysfunction in patients with MAFLD [6).
In turn, adipose tissue secretes a number of
hormones that can have a simultaneous dam-
aging effect on hepatocytes and nephron,
triggering a cascade of cardio-hepato-reno-
metabolic disorders [7]. The study of the in-
volvement of MAFLD in the development of
renal dysfunction in women of reproductive
age is of clinical interest.

The objective of the study was to inves-
tigate the relationship of adipocytokines
with indicators of early renal dysfunction in
women of reproductive age with obesity
and MAFLD.

MATERIALS AND METHODS

Groups under supervision:

Group 1 consisted of 50 women with
obesity and MAFLD having no signs of al-
coholic liver damage, suffering from hyper-
tension, diabetes mellitus, functional and
organic kidney damage. The average age of
the patients was 40.5 = 2.8 years and body
mass index (BMI) = 35.6 + 3.4 kg/m’.

Group 2: 50 women without MAFLD.
The average age was 39.6 = 1.8 years and
BMI = 34.7 £+ 3.2 kg/m".

Control group: 30 healthy women,
whose average age was 39.6 + 4.3 years, BMI
=217+ 1.8 kg/m",

The diagnosis of MAFLD was established
in accordance with clinical recommenda-
tions EASL-FASD-FASO for the diagnosis
and treatment of this disease [2]. Liver steato-

sis was determined by ultrasound diagnos-
tics. Liver fibrosis was assessed using fibroe-
lastography. Serum levels of cystatin C, insu-
lin, leptin, resistin, monocyte chemattractant
protein (MCP-1), interleukin 6 (IL-6), vascu-
lar endothelial growth factor (VEGF), tumor
necrosis factor alpha (TNF-a) were deter-
mined by ELISA (enzyme-linked immu-
nosorbent assay). TNF-o, MCP-1, albumin-
to-creatinine ratio, IL-6, f,-microglobulin,
cystatin C, and VEGF were tested in the
morning urine portion. The glomerular filtra-
tion rate (GFR) was calculated using the
CKD-EPI equation. The following biochemi-
cal parameters were studied in blood serum:
aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyl-
transpeptidase (y-GTP), glucose, total choles-
terol (TC), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), tyriglycerides (TG), crea-
tinine. The Fatty Liver Index (FLI) included
an assessment of the level of TG and y-GTP,
body mass index (BMI) and waist circum-
ference (WC). Follicle-stimulating hormone
(FSH) was evaluated using immunochemilu-
minescence analysis (IHLA). The statistical
processing of the obtained data was carried
out with Statistica 12.0 software. The 3 groups
were compared using the Kruskal — Wallis
test, a pairwise comparison of groups with a
normal distribution was performed using the
Bonferroni-corrected #-test, in groups with
an abnormal distribution the Mann — Whit-
ney U-test was used. A statistically significant
dependence was calculated at p < 0.05.
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RESULTS AND DISCUSSION

The metabolic profile in the groups is
presented in the table.

It is noteworthy that, despite abdomi-
nal obesity and proven liver steatosis, mark-
ers of metabolic syndrome were not fully
represented in Group 1 patients. Naturally,
an increase in the HOMA index, TG and uric
acid levels was obtained, while the level of
glucose and LDL and HDL cholesterol did
not differ in Group 1 and Group 2 patients.
Despite the increased level of cystatin C in
Group 1, there were no significant differ-
ences in the calculated GFR between the
groups. Group 2 patients demonstrated an
increase in blood glucose, uric acid, and
y-GTP levels, while the parameters re-
mained in the reference range. In Group 2,
ALT was associated with HOMA (r = 0.36),

v-GTP (r=042), LDL cholesterol (r = 0.39)
p <0.05. In the group without MAFLD, FLI
was correlated with the levels of HOMA,
glucose (r =04 and r = 0.3, p < 0.05) and
resistin (r= 0.1, p <0.05).

During the study, adipocytokine ac-
tivity was analyzed in comparison groups.
As expected, levels of cytokines were sig-
nificantly higher in the group with obesity
and MAFLD relative to the data of the
comparison group: resistin — (4.0 [2.5; 4.9]
vs. 3.1 [2.7; 4.3] ng/ml, p = 0.04), leptin —
(23.6 [17.2; 31.8] vs. 185 [11.8; 19.9]
ng/ml, p = 0.04), TNF-a — (1.7 [1; 2.1] vs.
0.9 [0.6; 1.6] pg/ml, p = 0.04), VEGF -
(293.7 [120.5; 435.2] vs. 155.9 [80.9; 255.0]
pg/ml, p = 0.04), MCP-1 - (207.6 [148.7
2659] vs. 1632 [125.8; 230.8] pg/ml,
p = 004), IL-6 (1.8 [1.2; 2.2] vs. 1.10 [1; 1.3]
pg/ml, p = 0.03).

Metabolic parameters in the groups (M + 2m); Kruskal - Wallis test H (2, N = 130)

Parameter

Group 1
n =50

Group 2
n =50

Control,
n=730

p

SBP, mmHg

1282+ 100

1119+7.0

113.3£9.0

» =040
P, =004
p..=004
p,.=040

DBP, mmHg

84.1+5

758 4.2

798 £4.2

p=033
b, =004
p...=005
p,.=0.10

WC/HC

1.0+=0.1

08+0.3

08+0.2

p =005
=004
D,..=004
p,.=090

TC, mmol/l

53+06

5.05+0.8

504 +0.8

=080
b, =0.60
5,..=0.10
p,.=090
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Continuation of the table

Group 1 Group 2 Control,

Parameter n=50 n=50 n=30 b

»=022

_ p,=01
LDL-C, mmol/l 36£06 30£0.7 25+05 b, =004

p,..=0.006

p=051
p,,=005
D,..=005
D,..=090

HDI-C, mmol/! 1.3+0.1 1.5+02 1.5+0.1

=004

p.,=002
p..=002
p,.=0.10

TG, mmol/Il 27+07 1.0+03 1.0+0.1

=001

p.,=0001

p,..=0001
p,.=01

ALT U/ 453103 144 %68 143+73

p=004

p.,=001
5,..=001
p,.=0.10

ASTU/I 30.7 £16.2 175+82 179+95

p=010
b, =0.006
P,.=004
p,.=004

Glucose, mmol/1 52£06 49+ 04 45+0.2

p=005
p,,=004
P,..= 002
D,..=004

Uric acid, pmol/I 306 +45.8 256 £583 2202 +35.7

p=003
p.,=001
P...=0001
p,.=004

y-GTP, U/l 487 £15.6 237 £135 16.7+5.8

p=005
D, =004
p,..=003
D,..=007

Cystatin C, ng/ml 090+0.1 085+0.1 083+0.1

p =060
P.,=005
b,.. =0.09
p,. =010

Creatinine, gmol/1 762+49 740+69 751+70

=030

GFR, ml/min/ p.,=005
1,7 m* (CKD-EPY) 853+ 115 90.3 £ 14.6 863 +938 b =009

0,.=005
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End of the table

Group 1

Parameter
aramete =50

Group 2
n=>50

Control,
1= 30 p

Insulin, pIU/ml 143 +6.7

65+24

=001
p.,=0001
p..=0001
p,.=005

45+05

HOMA 3.5+10

13+05

p=0.10
p,,=003
p,..=003
p,..=080

1.3+06

FSH, mIU/ml 87+23

71+19

p=010
b, =006
P,.=004
p,.=005

67%20

FLL U, 843069

423+43

p=003
p.,=001
p,..=001
p,.=005

397 €21

Albumin/creatinine,

107+ 1.
mg/g ’

7712

=007

p.,=005
p..=004
p,.=005

30+03

Note: SBP - systolic blood pressure; DBP — diastolic blood pressure; WC/HC — waist circumference/hip cit-
cumference ratio, TC — total cholesterol, LDL-C — low density lipoproteins cholesterol, HDL-C — high density
lipoproteins cholesterol, TG - triglycerides, HOMA — insulin resistance index, GFR - glomerular filtration rate,
ALT - alanine aminotransferase, AST — aspartaminotransferase, y-GTP — gamma-glutamyltransferase; FSH — folli-
cle stimulating hormone; FLI — fatty liver index; p — 5 % significance level of the differences, at which the differ-
ences were considered reliable; unrel. — the differences are statistically unreliable.

Notably, with an equal BMI in the com-
parison groups, in Group 1, the levels of
leptin and resistin exceeded the values of
Group 2. In the comparison groups, leptin
levels correlated with BMI (r = 0.52 and
r=046), p < 0.05. In the MAFLD group, the
level of resistin was associated with TNF-a
with HOMA (r = 0.63 and r = 0.28), ALT
(r = 052 and r = 0.50), AST (r = 0.68 and
r=035), GGT (r=10.72 and r = 063), HDL-C
(r = -0.50; r = -042) and fibroelastography
findings (r = 0.75 and r = 0.32). In addition,
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the correlations of resistin with the level of
VEGF (r=0.52), TNF-a (r = 041) and MCP-1
(r = 0.55) were revealed. TNF-o was associ-
ated with the level of MCP-1 (r = 0.51) and
VEGF (r = 031); IL-6 — with the level of
v-GTP (r = 0.57). In the group without
MAFLD, the association of the VEGF level
with HOMA-IR (r = 045), MCP-1 (r = 0.55)
and IL-6 (r=0.53), p < 0.05 was revealed.
We studied the urinary excretion of
markers of subclinical kidney damage and
assessed their relationship with hormonal
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and metabolic parameters. Despite the
equivalent level of GFR in the studied groups,
we obtained significant differences in the
level of urinary inflammatory cytokines of
kidney damage: TNF-a (0.3 [0.2; 0.5] vs. 0.20
[0.03; 0.3] pg/ml, p = 0.04), MCP-1 (1255
835, 155.8] vs. 923 [39.5; 142.7] pg/ml,
p =0.02), VEGF (124.3 [754; 255.3] vs. 105.8
[64.2; 154.8] pg/ml, p = 0.04), IL-6 (0.82
[0.4; 2.7] vs. 043 [0.04; 1.3], pg/ml, p = 0.01),
cystatin C (44.7 [30.7; 97.5] vs. 35.6 [189;
87.3] ng/ml, p = 0.04), p,-microglobulin (1.1
[0.5; 1.7] vs. 0.6 [0.2; 1.2] pg/ml, p = 0.04).

In the MAFLD group, the urinary excre-
tion of cytokines and markers of early renal
dysfunction exceeded the values of the
group without MAFLD. In the studied groups
we determined the corresponding associa-
tions of urinary cystatin C with the level of
MCP-1 (r = 053 and r = 047), VEGF
(r = 0.72 and r = 0.73), B,-microglobulin
(r =059 and r = 0.65), IL-6 (r = 0.63 and
r=0.54). In the MAFLD group, we obtained
an association with the level of resistin and
uric acid (r =048 and r= 0.36), p < 0.05. In
addition, the associations of B,-microglobu-
lin with BMI (r = 0.27), HOMA-IR (r = 0.39),
resistin (r = 048), creatinine (r = 0.52), TG
(r = 0.35), urinary MCP-1 (r = 0.72), IL-6
(r=0.09), and uric acid (r = 0.72), p < 0.05
were revealed. There were no significant as-
sociations in the group without MAFLD. In
the group with MAFLD urinary IL-6 was as-
sociated with BMI (r = 0.28), WC/HC ratio
(r=0.31) uric acid level (» = 0.56), urinary
MCP-1 (r=0.74) and has a negative correla-
tion with HDL-C (r=-0.52) p < 0.05.

Fatty liver disease produces a large
number of hormone-like active substances,
one of which is resistin. The expression of
resistin is stimulated by inflammatory cyto-
kines, while resistin itself enhances the for-
mation of proinflammatory cytokines by
macrophages [8]. A number of authors have
shown that suppression of resistin at the
genetic level restores tissue sensitivity to
insulin and improves glucose homeostasis
[9]. According to literature data, about 25 %
of circulating IL-6 is synthesized by white
adipose tissue. It has been stated in the lit-
erature that changes in the content of IL-6
in kidney tissue play an important role in
the progression of CKD. VEGF is produced
by macrophages and endotheliocytes, and
serves as a marker of endothelial damage
and a stimulator of fibrogenesis. It has been
proven that an increase in the serum level
of VEGF is associated with the progression
of insulin resistance, enthelial dysfunction,
and the development of NAFLD [10]. VEGF
also plays a significant role in the differen-
tiation and proliferation of mesangial cells;
it has been proven that excessive produc-
tion of VEGF contributes to the develop-
ment of nephrosclerosis [11]. An association
of increased TNF-a production with an ac-
celerated rate of decrease in glomerular fil-
tration rate and the development of cardio-
vascular pathology and metabolic diseases
has been established in a number of publi-
cations [12]. In modern literature, much at-
tention is paid to the study of MCP-1 in
blood and urine in patients with metabolic
diseases and CKD [13-15]. In our study, se-
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rum and urinary levels of IL-6, MCP-1, VEGF
and TNF-a in the groups with a combina-
tion of obesity and MAFLD were higher
compared to the group with obesity without
MAFLD. In the group with MAFLD, the asso-
ciation of blood and urine cytokines with
the HOMA index, resistin, uric acid, cystatin
C and B,-macroglobulin was obtained,
whereas in the obesity group without
MAFLD, these associations were not re-
vealed. Thus, it can be stated that obesity in
combination with MAFLD contributes to
endothelial dysfunction and activation of
subclinical inflammation, causing a damag-
ing effect on the glomerular and tubular
apparatus of the kidneys.

CONCLUSION

1. Resistin can be considered as an un-
favorable marker of cardio-metabolic disor-
ders in people with MAFLD.

2. The association of markers of sub-
clinical inflammation and endothelial dys-
function with markers of early renal dys-
function in women of reproductive age
with MAFLD, established during the study,
allows us to expand the understanding of
the cardio-reno-metabolic continuum.
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PREVALENCE OF MAIN RISK FACTORS AND CYTOKINE PROFILE
IN PATIENTS WITH ACUTE CORONARY SYNDROME AND DIFFERENT
SERUM MYOSTATIN LEVELS

A.R. Akbmadzyanova*, Ya.B. Khovaeva, D.Yu. Sosnin, A.V. Sobolev, E.I. Voronova
E.A. Vagner Perm State Medical University, Russian Federation

PACITPOCTPAHEHHOCTDb OCHOBHbBIX ®AKTOPOB PHCKA
1 IIATOKMHOBBIA ITPO®UJIb Y IIAIIUEHTOB C OCTPBIM
KOPOHAPHBIM CUHAPOMOM U PASHBIM YPOBHEM
MHUOCTATUHA CbIBOPOTKH KPOBU

A.P. Axmaoszanoea*, A1.Bb. Xoeaega, /I.FO. Cocrhun, A.B. Cooones, E.H. Boponosa

Ilepmckuii 20cyoapcmeenbiii MeOUUUHCKULL yHusepcumem umeny axaoemuxa E.A. Bazuepa,
Poccutickasn Qeoepauus

Objective. To study the prevalence of the main risk factors and the value of proinflammatory cytokines in
patients with acute coronary syndrome (ACS) depending on the determined level of serum myostatin.

Materials and methods. 120 patients with ST elevation ACS (STE-ACS) and non-ST-segment elevation ACS
(NSTE-ACS), hospitalized in the cardiology department of the regional vascular center were examined.
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In 86 patients, the level of serum myostatin and proinflammatory cytokines was determined on the 5th day of
the development of acute coronary syndrome.

Results. Patients were divided into two subgroups depending on the level of serum myostatin which was
determined: group 1 — with a lower level of myostatin, group 2 — with a higher level of myostatin. Group 1
(serum myostatin level from 0.038 to 0.084 ng/ml) consisted of 23 patients (16 males). Group 2 (serum
myostatin level from 0.137 to 0.630 ng/ml) contained 21 patients (14 males). The main risk factors for
cardiovascular diseases such as family history of early development of cardiovascular diseases, smoking,
dyslipidemia, obesity, arterial hypertension and type 2 diabetes mellitus were assessed.

The levels of pro-inflammatory cytokines were determined. Tumor necrosis factor alpha (TNF-alpha) and
interleukin 18 (IL-18) levels were significantly higher in patients with higher myostatin levels. Correlation analysis
revealed a relationship between serum myostatin concentration and TNF-alpha level (= 0.34; p = 0.0016).
Conclusions. No differences in the prevalence of risk factors in patients with ACS and different myostatin
levels, except for smoking were revealed in the study, the frequency of smoking was higher in the group with
higher myostatin levels. Greater activity of pro-inflammatory cytokines TNF-alpha and IL-18 was revealed in
patients with higher levels of myostatin, as well as a significant correlation between the level of myostatin and
TNF-alpha.

Keywords. Myostatin, proinflammatory cytokines, acute coronary syndrome.

Ilean. M3y4uth pacpoCcTpaHEHHOCTh OCHOBHBIX (DAKTOPOB PUCKA U 3HAYEHHUA IIPOBOCIIATUTENBHBIX IIUTO-
KMHOB Y ITALMEHTOB C OCTPBIM KOPOHAPHEIM cMHAPOMOM (OKC) B 3aBUCHMOCTH OT ONPEAEIAEMOTO YPOBHA
CBIBOPOTOYHOT'O MUOCTATHHA.

Martepuansl u Meroasl. O6cnenoBaHo 120 marmentos ¢ OKC ¢ mogpemoM (OKCnST) 1 6€3 mofrbeMa cermeH-
12 ST (OKCO6nST), roCIUTAIM3UPOBAHHBIX B OTAENEHHUE KAPAUONOTHM Ha 623€ PETMOHAIBHOIO COCYAUCTOIO
1ieHTpa. V 86 MAIMEHTOB U3 TOCTUTATM3UPOBAHHBIX ObUT ONPEIETCH YPOBEHD CHIBOPOTOYHOIO MUOCTATHUHA U
IPOBOCHATUTENBHBIX LIATOKUHOB HA 5-€ CYTKU PA3BUTHS OCTPOIO KOPOHAPHOTO CUHAPOMA.

Pesyabrarel. [[aUMEHTOB PA3AEIWIM HA IBE OATPYINIL B 3aBUCHMOCTH OT OIPEAE/IEMOIO YPOBHA CHIBOPO-
TOYHOI'0 MUOCTATHHA: ITPymTy 1 — ¢ 601e€ HU3KUM YPOBHEM MUOCTATHHA, IPyHIy 2 — C 00JIEE BLICOKUM YPOB-
HeM MUOCTaTuHA. [pyminy 1 (yposens ceisopoTodnoro muocraruta ot 0,038 1o 0,084 Hr/mim) cocrasumm 23 ma-
1HeHTa (M3 HUX 16 Mykuus). Ipyry 2 (YpoBeHb ChIBOPOTOYHOrO Muoctatna ot 0,137 go 0,630 Hr/min) —
21 manyieHT (M3 HUX 14 MyxunH). BpUM OlIEHEHBl OCHOBHBIE (DAKTOPBI PUCKA CEPAEYHO-COCYAUCTBIX 3a0071€-
BAHUI1: HACE/ICTBEHHASA OTATOMEHHOCTD T10 PAHHEMY PA3BUTHIO CEPAEYHO-COCYIUCTBIX 3a00IEBAHHI, KyPEHHE,
JUCTAIUIEMIS, OKUPEHUE, APTEPUATbHAS TUIEPTEH3UA ¥ CAXAPHBIN UA0ET 2-TO TUIIA.

Onpegenens! YpOBHY POBOCIAINTENBHBIX IMTOKUHOB. YPOBHH (DaKTOPa HEKPO3a onyxomu anbda (PHO-a)
u unTepneiikuna 18 (IL-18) 6buir JOCTOBEPHO BBILIE Y IIALUEHTOB C O0JIEE BBICOKUM YPOBHEM MUOCTATUHA.
[1o ZaHHBIM KOPPENALMOHHOIO aHA/IM34 BBIABIEHA B3AUMOCBA3b MEXY KOHLIEHTPALME MUOCTATHHA ChIBO-
potku 1 yposaeM PHO-a (= 0,34; p = 0,0016).

BoiBozpl. B nccneoBanny He BBIABICHO PA3INYMI IO PACIPOCTPAHEHHOCTH (DAKTOPOB PUCKA Y IIALIMEHTOB
¢ OKC 1 pasHBIM YPOBHEM MUOCTATUHA, 3d UCKIIOYCHUEM KYPEHNUA, YACTOTA KOTOPOI'O ObLIA BBIIIE B IPYIIIIE
¢ 60J1ee BBICOKUM YPOBHEM MHOCTATHHA. 3a(DMKCUPOBAHA GOJIbIIAA AKTUBHOCTb IPOBOCIATUTENBHBIX [IUTO-
k0B PHO-o 1 IL-18 y manueHToB ¢ 60716 BLICOKUMY YPOBHAMU MUOCTATHHA, A TAKKE JOCTOBEPHAA KOP-
perAny MeXIy yposHeM MuoCTatnHa 1 PHO-a.

KiroueBsie c10Ba. MUOCTATUH, IPOBOCTIAIUTENBHBIE [IUTOKUHBL, OCTPBI KOPDOHAPHBIN CUHAPOM.

INTRODUCTION marily by skeletal muscle, although small

amounts of myostatin are also produced by

Myostatin (growth differentiation fac-  the myocardium and adipose tissue [1]. It is

tor 8) is a member of the superfamily of the  gecreted primarily by skeletal muscles, al-
transforming growth factor-B whose pri-  though small amounts of myostatin are also
mary target is myoblasts. It is secreted pri-  produced by the myocardium and adipose
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tissue [1]. Myostatin inhibits skeletal muscle
development and regulates fibroblast pro-
liferation in skeletal muscle, ie. the proper-
ties of the extracellular matrix [2], and also
affects the structure and function of ten-
dons [3]. The role of myostatin in influenc-
ing the cardiac muscle or myofibroblasts in
coronary heart disease (CHD) and myocar-
dial infarction (MI) is less clear. Recent stud-
ies in transgenic animals have shown that
long-term overexpression of myostatin in
the mouse heart reduces ejection fraction
(EF) and stroke volume, increases end-
systolic and diastolic volumes, induces the
development of fibrosis and a decrease in
heart weight, whereas the removal of my-
ostatin has the opposite effect — it leads to
myocardial hypertrophy [1]. In mice, Sarina
Lim et al. found significant differences in
outcomes between myostatin-null and wild-
type mice after ML The myostatin-null
group had better EF recovery, less myocar-
dial collagen deposition, and lower mortal-
ity. The researchers hypothesized that low
myostatin levels are associated with better
cardiac function after MI, possibly by limit-
ing the extent of fibrosis [4].

There are isolated studies concerning
the concentration of myostatin in the se-
rum after myocardial infarction in humans.
The study by Oliveira et al. [5] included 102
patients with MI and showed a decrease in
the concentration of myostatin, compared
to that in healthy people. Mortality among
patients with lower concentrations of se-
rum myostatin was higher than among pa-
tients with less reduced levels.

44

Thus, there are quite contradictory data
on the direction of changes in myostatin con-
centration in the post-infarction period in the
experiment and in clinical observations. Ob-
viously, additional studies are needed to study
the relationship between the myostatin level
and the course of the disease in patients with
acute coronary syndrome.

The aim of the study was to investigate
the prevalence of major risk factors and the
significance of proinflammatory cytokines
in patients with acute coronary syndrome
depending on the determined level of se-
rum myostatin.

MATERIALS AND METHODS

A total of 120 patients with acute coro-
nary syndrome with and without ST elevation
were examined, hospitalized in the Cardiol-
ogy Department at the Regional Vascular
Center of the S.N. Grinberg City Clinical Hos-
pital (RVC SN. Grinberg City Clinical Hospi-
tal) from 2019 to 2021.

The inclusion criteria for the study were:
diagnosis of acute coronary syndrome ac-
cording to the clinical guidelines of the Rus-
sian Ministry of Health and the recommenda-
tions of the European Society of Cardiology';
age 30-90 years; voluntary informed consent
of the patient to participate in the study. Ex-
clusion criteria were non-coronary heart dis-
ease, malignant neoplasms, kidney and liver
diseases with impaired function, blood dis-
eases, acute infectious diseases, the presence
of heart failure stage IIB-III and functional
class III-1V before hospitalization.
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Examination and treatment of patients
was carried out in accordance with the Clini-
cal Guidelines of the Russian Ministry of
Health, Guidelines of the European Society of
Cardiology’, in force at the time of the study.

All patients underwent collection of
clinical and anamnestic data; physical exami-
nation with measurement of blood pressure
(BP), heart rate (HR), height and weight with
calculation of body mass index (BMI), waist
circumference (WC) and hip circumference
(HC) with calculation of the WC / HC ratio.

Standard laboratory testing included a
complete blood count; follow-up of bio-
chemical markers of cardiocytolysis (Tro-
ponin I-high sensitive, creatine phos-
phokinase-MB  (CPKMB)); urea content,
blood creatinine with calculation of the
glomerular filtration rate (cGFR); aspartate
aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin, glucose, blood
lipids (total cholesterol (TC), low-density
lipoprotein (LDL), very low-density lipopro-
teids (VRDL), high density lipoproteins
(HDL), triglycerids (TG) with calculation of

* ESC Guidelines for the Management of Patients with
Acute Myocardial Infarction without ST Elevation 2015.
Russian Journal of Cardiology 2016, 3 (131): 9-63. DOL
10.15829/1560-4071-2016-3-9-63; ESC Guidelines for the
Management of Patients with Acute Myocardial Infarction
with ST Elevation 2017. Russian Journal of Cardiology 2018;
23 (5): 103-158. DOL 10.15829/1560-4071-2018-5-103-
158; Clinical Guidelines of the Ministry of Health of the
Russian Federation. “Acute Myocardial Infarction without ST
Elevation of Electrocardiogram”. Russian Society of Cardiol-
ogy in Conjunction with the Association of Cardiovascular
Surgeons of Russia. M. 2020; Clinical Guidelines of the Min-
istry of Health of the Russian Federation. "Acute Myocardial
Infarction with ST Elevation of the Electrocardiogram." Rus-
sian Society of Cardiology in Conjunction with the Associa-
tion of Cardiovascular Surgeons of Russia. M. 2020.

the atherogenic coefficient (AC) and non-
high-density lipoprotein cholesterol).

In 86 patients, the level of serum
myostatin and proinflammatory cytokines
was determined on the 5th day of develop-
ment of acute coronary syndrome.

Blood sampling for the study was per-
formed from the cubital vein on an empty
stomach in the morning. Venous blood, ob-
tained without anticoagulants in vacuum
tubes with gel, was left to stand for 30 minu-
tes at room temperature until a clot is formed.
The tubes were then centrifuged for 10 min at
1500 rpm. The separated serum was trans-
ferred to clean Eppendorf tubes, frozen and
stored at -30 °C.

The concentration of myostatin was de-
termined by enzyme immunoassay using the
ELISA Kit for Myostatin (MSTN), USA, catalog
No: CEB653Hu.

Also, by the enzyme immunoassay
method, interleukin 6 (IL-6) was determined
using the Interleukin-6-IFA-BEST reagent kit
(A-8768) from ZAO Vector-Best (Russia)
(series 42), interleukin 18 (IL-18) using the
Interleukin-18-IFA-BEST reagent kit (A-8770)
from ZAO Vector-Best (Russia) (series 28), and
tumor necrosis factor alpha (TNF-o) using the
Alpha-TNF-IFA-BEST reagent kit (A-8756)
from ZAO Vector-Best (Russia) (series 65).

Instrumental diagnostic studies inclu-
ded electrocardiography (ECG); Holter ECG
monitoring (HM ECG); echocardiography
(EchoCG); chest radiography; selective
coronary angiography (CAG).

Electrocardiographic examination (Ni-
hon Kohden Cardiofax C ECG-2150, Japan)
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was performed in 12 standard leads upon
admission of patients to hospital and then
daily. To identify rhythm and conduction
disturbances, the presence and duration of
myocardial ischemia episodes, Holter ECG
monitoring was performed (Astrocard
Holtersystem-2f, AO MEDITEK; Russia).

Selective coronary angiography (CAG)
was performed by specialists from the De-
partment of X-ray Surgical Diagnostic and
Treatment Methods of the SN. Grinberg
Regional Vascular Centre of the City Clinical
Hospital using standard techniques and ra-
dial access.

All patients with acute coronary syn-
drome with persistent ST elevations
(STE-ACS) underwent emergency CAG with
subsequent reperfusion of the infarct-
related artery. The decision on the necessity
and urgency of CAG with possible percuta-
neous coronary intervention in patients
with NSTE-ACS was made after risk stratifi-
cation according to the GRACE’ Scale.

Patients received therapy in accor-
dance with Clinical Guidelines” dual anti-

* ESC Guidelines for the Management of Patients with
Acute Coronary Syndrome without Persistent ST Elevation
2015. Russian Journal of Cardiology 2016, 3 (131): 9-63.
DOL 10.15829/1560-4071-2016-3-9-63; ESC Guidelines for
the Management of Patients with Acute Myocardial Infarc-
tion with ST Elevation 2017. Russian Journal of Cardiology
2018; 23 (5): 103-158. DOIL 10.15829/1560-4071-2018-5-
103-158; Clinical Guidelines of the Ministry of Health of the
Russian Federation. "Acute Coronary Syndrome without ST
Elevation of the Electrocardiogram." Russian Society of Car-
diology with the Participation of the Association of Cardio-
vascular Surgeons of Russia. Russian Society of Cardiology in
Conjunction with the Association of Cardiovascular Sut-
geons of Russia. M. 2020; Clinical Guidelines of the Ministry
of Health of the Russian Federation. “Acute Myocardial In-
farction with ST Elevation of Electrocardiogram”. Russian
Society of Cardiology with the Participation of the Associa-
tion of Cardiovascular Surgeons of Russia. M. 2020.
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platelet therapy, anticoagulant therapy (low
molecular weight heparins), beta-blockers,
mineralocorticoid — receptor — antagonists,
drugs from the group of angiotensin-
converting enzyme inhibitors or angio-
tensin II receptor antagonists, statins.

Statistical processing of the obtained
data was carried out using the Statistica
10.0 program (StatSoft, Inc, USA). The
Kolmogorov-Smirnov criterion was used to
determine the normality of the distribution
of features. To describe quantitative char-
acteristics, the median (Me) and quartiles
(Q,, Q,) were used. When assessing the sta-
tistical significance of differences (d) in
independent samples for quantitative
characteristics, the Mann — Whitney U-test
(U) was used. The reliability of differences
for qualitative characteristics was assessed
using the nonparametric XI table test ().
The relationship between the quantitative
characteristics under study was determined
using the correlation coefficient (r). The
correlation was considered statistically re-
liable at p < 0.05.

RESULTS AND DISCUSSION

The distribution pattern of myostatin
levels in patients differed from normal
(Figure). The distribution median was
0.1131 ng/ml, the interquartile range
(25-75 %) was 0.0835-0.134 ng/ml. To
study the characteristics of patients with
different levels of serum myostatin, two
subgroups were taken for analysis: the 1st
one included patients with low myostatin
levels (1st quartile), the 2nd - with high
(4th quartile).
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Fig. Histogram of Distribution of Myostatin Values
in Patients with ACS

Group 1 (level of serum myostatin from
0.038 to 0.084 ng/ml) consisted of 23 pa-
tients (including 16 men). Group 2 (level of se-
rum myostatin from 0.137 to 0630 ng/ml) —
21 patients (including 14 men). The average
age in Group 1 was 08 [58; 72] years, in
Group 2 — 60 [51; 69] years. There were no
statistically significant differences between
the groups in terms of gender and age. The
clinical characteristics of patients in both
groups are presented in Table 1.

As can be seen from Table 1, the fre-
quency of occurrence of the main risk
factors for cardiovascular diseases (ex-
cept smoking), concomitant diseases, and
the history of coronary heart disease did
not differ between the groups. Smokers
were more common in the group with
higher myostatin levels (p = 0.011). The
smoking index did not differ and was
25.0 [14.0; 39.0] in group 2 versus 27.0
[19.5; 28.5] pack-years in group 1, respec-
tively (p = 0.876). The groups were com-
parable in the structure of the final clini-

cal diagnosis: 11 patients in each group
were diagnosed with myocardial infarc-
tion, unstable cardiac angina was diag-
nosed in 12 people in group 1 and in 10
in group 2 (p =0.788).

Table 2 presents the values of the stud-
ied proinflammatory cytokines. The levels
of TNF-a and IL-18 were significantly
higher in patients of the 2nd group. The
values of IL-6 did not differ.

According to the correlation analysis, a
relationship was found between the con-
centration of serum myostatin and the level
of TNF-a (r=0.34; p = 0.0016).

In recent decades, much new data has
been obtained on various myokines and
their local and systemic effects [6]. In par-
ticular, it has been shown that myostatin
suppresses muscle tissue growth by reduc-
ing proliferation, myocyte differentiation,
and protein synthesis [7; 8].

J. Dong et al. demonstrated in an ex-
periment an increase in fibroblast division
under the influence of myostatin, which may
result in muscle tissue fibrosis [9]. In the car-
diac muscle, this process can influence the
remodeling of cardiac sections in coronary
heart disease and heart failure. Animal ex-
periments have shown that in case of cardiac
pathology the level of myostatin production
in cardiac tissue increases several times [10).
In myocardial infarction, myostatin tran-
scription increases in cardiomyocytes located
around the damaged area [11], and the in-
crease in concentration persists in animals
after 8 weeks from the moment of MI [12]. In
clinical studies, myostatin levels were found
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Table 1
Clinical Performance of Patients
- Group 1, Group 2,
Characteristic Value = g 3 = I; 1 p

Sex (male / female), % 09.6/304 06.7/33.3 0.899
Age, years 08[58, 72] 00 [51; 69] 0.693
BMI, kg/m’ 287 [24.8;31.2] 20.1[26.1;32.5] 0.148
Waist circumference (WC), cm 92 [86; 96] 95 [89; 103] 0.111
Hip circumference OxpyxuocTb 6¢aep (HC), cm 96 [90; 100] 103 [99; 106] 0.001
WC/HC, relative units 0.96 [0.90; 0.98] 0.96 [0.87; 1.02] 0925
Heart rate, bpm 74[70;74] 74 [68; 78] 0.239
SAP, mm Hg 130 [120; 140] 140 [130; 160] 0.205
DBP, mm Hg 80 [70; 90] 90 [80; 90] 0.307
Hereditary load for early development of cardiovascular 5/21.7 5/238 0871
diseases, abs./%

Smoking, abs./% 3/13 10/47.6 0011
Dyslipidemia, abs./% 21/913 20/95.2 0.243
Obesity, abs./% 8/34.8 6/28.6 0.637
AH, abs./% 19/82.6 20/95.2 0.196
Type 2 diabetes, abs./% 6/26.1 8/30.4 0.626
CAD H/O, abs./% 14/60.9 16/76.2 0.550
PC H/O, abs./% 5/21.7 10/47.6 0.182

Notice: MAP — systolic arterial pressure. DBP — diastolic blood pressure. AH — arterial hypertension. Dia-

betes — diabetes mellitus.

Table 2

Serum Interleukin Levels in Patients with Different Serum Myostatin Levels

(Me [Q5; Q)
- Group 1, Group 2,

Characteristic Value n=23 n=21 P
TNF-o, pg/ml 15[11;2.7] 3126, 34] 0012
IL-18, pg/ml 1754 [1339; 264.] 2509 [187.9; 3004] 0.043
IL-6, pg/ml 53[1.6,9.] 36[3.3, 73] 0991

to be increased in left ventricular myocardial
samples from patients suffering from ischemic
or dilated cardiomyopathy (DCM) [13].

The main source of myostatin in the
systemic circulation is skeletal muscle, but
in cardiac pathology, cardiac myostatin also
contributes to this indicator. This was
shown in an experiment on mice [14].
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It can be assumed that high production
of myostatin in patients with acute coro-
nary syndrome may lead to more pro-
nounced fibrosis processes in the myocar-
dium, systemic lipid metabolism disorders
and atherogenesis, as well as sarcopenia [0].

This study revealed greater activity of
proinflammatory cytokines TNF-a and IL-18
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in patients with higher myostatin levels, as
well as a significant correlation between
myostatin levels and TNF-o. It can be as-
sumed that elevated myostatin levels are
associated with metabolic imbalance and
systemic inflammatory response with hy-
perexpression of proinflammatory cyto-
kines [4; 15]. Our data are supported by the
results of experimental work, which
showed that tumor necrosis factor-alpha
(TNF-alpha) increases the expression of
myostatin [12].

STUDY LIMITATION

This study is limited by the sample size
of patients, further research in this direction
requires a larger sample size.

CONCLUSION

The study found no differences in the
prevalence of major risk factors in patients
with acute coronary syndrome and different
levels of myostatin, with the exception of
smoking, the frequency of which was higher
in the group with higher levels of myostatin.
Greater activity of proinflammatory cyto-
kines TNF-o and IL-18 was found in patients
with higher levels of myostatin, as well as a
direct relationship between the level of my-
ostatin and TNF-a..
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POST-COVID-19 COGNITIVE IMPAIRMENTS (LITERATURE REVIEW)
A.P. Ivanova*, M.A. Kuznetsova, E.I. Vinogradov, Yu.V. Karakulova, N.V. Selyanina
E.A. Vagner Perm State Medical University

IIOCTKOBHUJIHBIE KOTHUTUBHBIE HAPYIIIEHUA

(OB30P JIUTEPATYPbI)

A.Il. Heanoea*, M.A. Ky3neuoea, E.H. Bunozpaoos, I0.B. Kapaxynoea, H.B. Ceaanuna

Ilepmckuii 20cyoapcmeenoiii MeOUUUHCKULL yHusepcumem umeny axaoemura E.A. Baznuepa,
Poccutickasn Qeoepauus

Post-COVID-19 condition (PCC) is a condition that occurs in patients with a history of SARS-CoV-2 infection
3 months after the onset of COVID-19 with symptoms that last at least 2 months and are not explained by
any other diseases. PCC affects from 17 % to 28 % of patients and includes a wide range of clinical manifesta-
tions, including cognitive dysfunction. Cognitive dysfunctions can be manifested by a wide range of symp-
toms, such as memory impairment, attention deficit, executive dysfunction, and reduced information process-
ing speed. Risk factors for developing PCC, with or without cognitive impairment, include late adulthood, pre-
existing medical conditions, and severity of acute illness. The underlying mechanisms remain unclear, but
suspected factors include neuroinflammation, hypoxia, vascular damage and latent reactivation of the virus,
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this does not exclude the possibility of direct viral central nervous system invasion. The analysis of retrospec-
tive cohort studies showed that the risk of cognitive deficits, dementia, psychotic disorders and seizures re-
mained elevated even 2 years after the infection of SARS-CoV-2. It is interesting to note that there were no
differences in the risks of neurological and psychiatric outcomes between infections caused by Omicron
(B.1.1.529) or Delta (B.1.617.2) variants. Recent researches show that cognitive deficits after infection of
SARS-CoV-2 persist for two years after the infection and were the greatest in individuals with more severe
SARS-CoV-2 infection [2]. COVID-19 can impair the function of the interoceptive network of the brain selec-
tively, while exteroceptive brain processing remains undamaged [3].

Keywords. Post-COVID-19 condition, cognitive impairment, post-COVID disorders.

W3ydensl MOCIEIHNE JAHHBIE JTUTEPATYPHl O MOCTKOBUAHBIX KOTHUTUBHBIX HApymeHuax. Post-COVID-19
condition (PCC) — 310 COCTOAHME, KOTOPOE BOZHUKAET Y MAIMEHTOB ¢ HH(eKmen SARS-CoV-2 B anamuese
yepe3 3 mMecana nocie Hayana COVID-19 ¢ cumnromMamy, JISIUMUCT He MEHEE 2 MECALEB U HE OOBACHSAIO-
IMUMHUCA HUKAKUMA UHBIME 3a6071eBaHusaMu. PCC nmopakaer ot 17 10 28 % TaIleHToB U BKIIOYAET B CEOs
IAPOKUI CTIEKTP KIMHUYECKUX TIPOABNEHUI, B TOM YUC/IE KOTHUTUBHYIO AUCHYHKIIMIO. KOTHUTUBHBIE JHC-
(DYHKLIMM MOTYT IIPOABIATLCA B BUJE MMPOKOTO CIEKTPA CUMIITOMOB, BK/II0YAS YXY/AECHUE TAMATH, ACHULIAT
BHUMAHUA, UCIIOMHUTE/IBHYIO AUCYHKIMIO U CHIDKEHUE CKOPOCTU 00paboTKU HH(OpMaLy. PaKTOPH! pUC-
Ka pazurud PCC, ¢ KOTHUTUBHBIMU HAPYIIECHUAMI WK O€3 HUX, BKIIOYAIOT OXKIWIOHN BO3PACT, PAHEE CYILE-
CTBOBABIIUE 3200/ICBAHUA U TAKECTb OCTPOrO 3200/1€BAHYA. JIEKAUE B OCHOBE MEXAHU3MBI OCTAIOTCA HEAC-
HBIMHU, HO IIPEATIONATAEMBIE (DAKTOPBI BKIIOUAIOT HEMPOBOCHAICHUE, THIIOKCUIO, IOBPEAKACHUE COCYIOB U JIA-
TEHTHYIO PEAKTUBALMIO BUPYCA, HE MCKIIOYAA BO3MOKHOCTH IPAMOH BUPYCHOW MHBA3MHM B LICHTPAILHYIO
HEPBHYIO CHCTEMY.

AHA/IU3 PETPOCIIEKTUBHBIX KOTOPTHBIX UCCIEAOBAHUI IPUBEI K BBIBOJY, YTO PUCK KOTHUTUBHOIO JE(ULIUTA,
C1aboyMus, NCUXOTUYECKUX PACCTPONCTB M CYZIOPOr OCTABAJICA TIOBBINIEHHBIM JAKE 4EPE3 2 TOfja MOCTIE 3a-
paxenna SARS-CoV-2. UHTEpPECHO TAKKE TO, YTO HE HAOMIOAAIOCh PA3NMYMIL B PUCKAX HEBPOJIOTMYECKUX U
ICUXUATPUYECKUX UCXOLOB MEXIY MH(EKUMAMY, BBI3BAHHBIMY BapuaHTamu «OMuKpoH» (B.1.1.529) wm
Jlenpra» (B.1.617.2). TlocmeqHue UCCIEOBAHIS TIOABOJIAT K BBIBOATY, YTO KOTHUTHBHBI ACHUITUT TOCTE 32-
paxkenus SARS-CoV-2 COXpaHsuIcsa 9epes /iBd Iofid OCIE 3aPAKEHUA U OBbUT HAMOOMBIINUM Y JIUL] C Ooee T4-
xenort uHpexnuer SARS-CoV-2, a Takke nokasbBaloT, 4o COVID-19 MOXeT M30MpaTeNbHO HAPYLIATh
(DYHKLMIO MHTEPOLIENTUBHON CETH MO3I'd, OCTABJIA HETPOHYTOM 3KCTEPOLIENITHBHYIO OOPAOOTKY MO3Ia.
Kirogessie c1oBa. COVID-19, post-COVID-19 condition, KOTHUTUBHBIE HAPYIIEHUS.

INTRODUCTION pairment associated with SARS-CoV-2 infec-

tion and their prevalence in the population

The new coronavirus infection has led
to long-term consequences in the form of
cognitive impairment in the working popu-
lation, since vaccination against SARS-CoV-2
was not a completely reliable protection
against the post-COVID-19 condition (PCC).
Today, there is still insufficient data on what
causes cognitive dysfunction in patients
with PCC, and even less is known about the
most effective rehabilitation measures [1; 2].
The latest foreign data on cognitive im-
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were analyzed through the PubMed®
search engine. The novelty (2022-2023)
was the main criteria for selecting articles.
The following queries were entered into the
search: cognitive dysfunction in post-
COVID-19; the effects of COVID-19 on
cognitive;  persistent  symptoms  after
COVID-19; post-COVID syndrome; main
symptoms of long-COVID.

According to the World Health Organi-
zation (WHO), PCC is a condition that
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occurs in patients with a history of probable
or confirmed SARS-CoV-2 infection, usually
3 months after the onset of COVID-19, with
symptoms that last at least 2 months and
are not explained by any other diseases
(World Health Organization. A clinical case
definition of post COVID-19 condition by
a Delphi consensus, 6 October 2021. Ge-
neva, Switzerland). PCC includes a wide
range of clinical manifestations affecting
multiple organ systems. In most people with
PCC, symptoms gradually resolve over time,
but in some patients, they persist for many
months or even years after SARS-CoV-2 in-
fection and have a significant impact on
quality of life [1].

Long-term cognitive dysfunction is one
of the most common impairments in PCC,
affecting 17 to 28 % of people more than
12 weeks after infection and persisting for
several years in some cases [3]. Cognitive
dysfunction can be manifested as a wide
range of symptoms, including memory im-
pairment, attention deficit, executive dys-
function, and reduced information process-
ing speed. Risk factors for developing PCC,
with or without cognitive impairment, in-
clude late adulthood, pre-existing medical
conditions, and severity of acute illness. The
underlying mechanisms remain unclear, but
suspected factors include neuroinflamma-
tion, hypoxia, vascular damage and latent
reactivation of the virus, this does not ex-
clude the possibility of direct viral central
nervous system invasion [1].

The most common symptoms in PCC
are fatigue, memory problems, decreased

concentration, and impaired attention.
Large meta-analyses by F. Ceban et al. and
Q.Han et al. summarize that the overall
proportion of individuals with cognitive
impairment is 19-22 %. Cognitive impair-
ment is also accompanied by sleep distur-
bances, anxiety, and depression [3; 4].

In the study by Rija Aziz et al. patients
reported that the most common symptoms
of PCC were fatigue (89 %), forgetfulness or
“prain fog” (89 %), and difficulty concen-
trating (77 %). The Montreal Cognitive As-
sessment (MoCA) showed that 46 % had
mild cognitive dysfunction. And in a study
by Jedsada Khieukhajee, the prevalence of
cognitive impairment after COVID-19, de-
fined as a total MoCA score below 25
points, was 61.70 % [5; 6]. Testing the health
of patients who had recovered from the
new coronavirus infection using the PHQ-9
(Patient Health Questionnaire) in a study by
Rija Aziz et al. showed that 42 % had mod-
erate to severe depression. Moderate to se-
vere anxiety was also detected in 38 % of
COVID-19 survivors, as assessed by the
General Anxiety Disorder-7 (GAD-7) test.
Symptom severity was similar across gender,
age, and initial disease severity. Patients
with PCC presenting to an academic hospi-
tal after COVID-19 experienced multiple
multisystem symptoms and functional im-
pairments, regardless of initial COVID-19
disease severity [5].

Mihaela-Camelia Vasile et al. [7] as-
sessed COVID-19-related neuropsychiatric
disorders in a prospective study using the
Mini-Mental State Examination (MMSE) and
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MoCA questionnaires, which were adminis-
tered to hospitalized COVID-19 patients
who had experienced moderate to severe
forms of the disease. Tests were performed
at discharge and re-evaluated after 6 and
12 months. Baseline cognitive dysfunction
was detected in 12.4 % of patients accord-
ing to the MMSE test and in 19.7 % accord-
ing to the MoCA scale. Overall cognitive
dysfunction in COVID-19 normalized after
6 months, but some symptoms were quite
severe, such as impaired concentration,
short-term memory, and task performance
skills. Male gender and the degree of hypoxia
associated with the severity of COVID-19 in-
fection were associated with cognitive dys-
function in the study group [7].

An analysis of retrospective cohort
studies led M. Taquet et al. to the conclusion
that the risk of cognitive deficit, dementia,
psychotic disorders and seizures remained
elevated even 2 years after SARS-CoV-2 in-
fection [8]. It is interesting to note, that no
differences in the risks of neurological and
psychiatric outcomes were observed be-
tween infections caused by the Omicron
(B.1.1.529) or Delta (B.1.617.2) variants [1].
Given that attentional functions define the
fundamental basis of cognitive processes,
they are crucial for managing our daily lives.
Impaired attentional functions, even in
cases of mild changes, directly affect per-
formance in both daily tasks and profes-
sional activities.

Fatigue is a characteristic symptom in
both acute COVID-19 and PCC. The preva-
lence rates of post-COVID fatigue range
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from 32 to 46 % in different studies, and
from 18 to 39 % in a meta-analysis of one-
year follow-up. In neurological conditions,
decreased attention, slower processing
speed, and tiredness were associated with
the feeling of fatigue, but also showed a sig-
nificant correlation with depression and
sleep disturbances [5].

A recent meta-analysis by Tsampasian
et al. showed that female gender, age, high
BMI, and smoking were associated with an
increased risk of developing PCC symptoms.
The presence of concomitant diseases and
previous hospitalization, including admis-
sion to the intensive care unit, were found
to be associated with an even higher risk of
PCC developing. Markers of systemic in-
flammation are associated with persistent
fatigue and cognitive symptoms with sig-
nificant functional impairment. Most au-
thors indicate a significant proportion
(40-80 %) of hospitalized patients experi-
encing post-COVID consequences in the
form of neuropsychiatric symptoms. In line
with this, vaccination against SARS-CoV-2,
which reduces the risk of severe COVID-19
for most people, appears to reduce the risk
of developing PCC after infection [1].

The following pathophysiological me-
chanisms have been discussed to explain
the persistence of symptoms after infection
with the SARS-CoV-2 virus: direct brain in-
jury during acute SARS-CoV-2 infection,
low-level persistence of viral antigens to
SARS-CoV-2 in the CNS, reactivation of la-
tent herpes viruses, epigenetic response,
central and peripheral hypoxia, ongoing
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systemic inflammation, neuroinflammation
and autoimmune response, microvascular
inflammation and microthrombosis, glucose
metabolism in the brain [1].

A study by Nathan J. Cheetham et al.
found that cognitive deficits following
SARS-CoV-2 infection were detected nearly
two years after infection and were greatest
in individuals with longer duration of symp-
toms, persistent symptoms, and/or more
severe infection. However, no such deficits
were found in individuals who reported full
recovery from COVID-19 [2].

The results of Siri-Maria Kamp et al.
show that COVID-19 can selectively disrupt
the function of the brain’s interoceptive
network while leaving exteroceptive proc-
essing intact. Dysfunctional interoceptive
processing may be associated with atten-
tion/concentration deficits and poor men-
tal health outcomes such as depression and
anxiety [9].

In a study by C. Gouraud et al,, patients
with  persistent symptoms following
COVID-19 underwent a multi-faceted as-
sessment to describe their symptoms, pro-
vide medical reports (diagnoses and rec-
ommendations), and assess satisfaction with
treatment. Among 286 patients (mean age:
44 years; 70 % women), the most common
symptoms were fatigue (86 %), shortness of
breath (65 %), joint/muscle pain (61 %) and
cognitive dysfunction (58 %), with a mean
duration of 429 days. Physical activity reha-
bilitation was recommended to 91 % of pa-
tients. The median patient satisfaction with
the rehabilitation program was 8 out of 10.

Most patients attending this program had
long-term symptoms and severe impait-
ment in quality of life, received a diagno-
sis of functional somatic disorder and re-
ported high levels of satisfaction with the
program [10].

A study by M. Jayasekera et al. exam-
ined 153 patients treated for COVID infec-
tion at the University Hospital, Kotelawala
Defence University of Sri Lanka in July
2021. Of the patients, 92 (60.2 %) had se-
vere disease, 43 (28.1 %) had moderate dis-
ease, and 18 (11.7 %) had mild disease. The
mean age was 57.2 (% 16.3) years, of which
83 (54.2 %) were men. Cognitive impait-
ment was detected in 26 patients
(13 women, 13 men). The authors did not
find any difference in gender and age, and
no relationship with fatigue was found.
The condition returned to normal within
3 months. According to this publication,
patients diagnosed with cognitive impair-
ment experienced difficulties with concen-
tration, memory, speech perception, and
executive functions. However, the authors
concluded that it is impossible to judge
cognitive impairment without clear evi-
dence of patient’s premorbid intelligence
[11]. Disease severity and age over 60 years
were risk factors for the development of
post-COVID syndrome. According to the
study results, vaccination reduced post-
COVID symptoms. Quality of life and cogni-
tive impairment improved after 12 weeks.
This may indicate that at least 12 weeks are
required to detect true dementia in patients
after COVID-19 [11; 12].
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PCC may also be of great concern in
the pediatric population, even in patients
who do not require hospitalization.
D. Buonsenso et al. [13] reported that symp-
toms persisted 120 days after COVID-19
infection in more than half of the children,
in 42.6 % of whom these disorders limited
daily activities. Fatigue, muscle and joint
pain, headache, insomnia, difficulty breath-
ing and increased heart rate were particu-
larly common. Cognitive disorders were re-
corded in 34.3 % of patients who had re-
covered from COVID-19 [14]. The authors
emphasize the need to monitor children for
several months after hospitalization to
maintain their mental health. According to
the authors, the inclusion of psychological
assessment in the diagnosis of children with
post-COVID syndrome is a practical neces-
sity. In May 2023, an Italian prospective co-
hort study was conducted to identify risk
factors for post-COVID syndrome in chil-
dren, and the authors noted the following
factors: age over 10 years, concomitant dis-
eases, acute phase of novel coronavirus in-
fection in the intensive care unit, multisys-
tem inflammatory syndrome, recently diag-
nosed Kawasaki syndrome [15].

In the pediatric cohort, cognitive im-
pairment in the post-COVID syndrome is
associated with asthenic syndrome. Com-
mon manifestations of cognitive impair-
ment in children in the post-COVID period
include: decreased concentration, visual gno-
sis, impaired visual-spatial perception, dy-
namic and kinesthetic praxis, and decline in
thinking. Based on the concept of AR Luria,
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it can be assumed that the cognitive profile
and nature of neurological complaints of
children in the main group indicate that the
temporo-parietal-occipital, mediobasal fron-
tal-temporal regions of the brain, and the
limbic-reticular complex are involved in the
topic of disorders [16]. This requires a diag-
nostic algorithm and the development of
correctional and educational programs for
children with post-COVID cognitive im-
pairment. According to K.S. Korotaeva et al,
when examining children with the conse-
quences of COVID-19, the most sensitive
hematological indices were the degree of
entropy of the leukocyte formula according
to AV. Gorelov, indicating a violation of the
dynamic constancy of the leukocyte for-
mula, indices of the ratio of neutrophils and
monocytes, the ratio of lymphocytes and
monocytes, showing the presence of a viral
infection [17].

A study by M. Fotuhi et al. on the
pathogenetic mechanisms of neurocogni-
tive deficit caused by COVID-19 in adults
divides the formation of neurological
changes into three variants: 1) cytokine
storm, but the brain is not affected; 2) cy-
tokine storm causes inflammation of blood
vessels; 3) cytokine storm damages the
blood-brain barrier. In the first case, cogni-
tive impairment does not seem to be ob-
served. However, the emerging symptoms
of COVID-19 include nausea, vomiting,
sore throat, fever, anosmia and ageusia, the
last two indicating damage to the periph-
eral nervous system. In the second variant,
neurological impairment develops, leading
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to partial hemiplegia, aphasia, brain fog,
pain, blurred vision and ataxia. Working
memory, attention deficit and cerebellar
dysfunction are symptoms of cognitive im-
pairment during this period. At this stage,
COVID-19 symptoms include fatigue, body
aches or discomfort, headache, insomnia,
depression and/or anxiety. In the third and
most severe variant of the disease, the pa-
tient develops encephalitis, coma, seizures
and delirium. If the patient survives, motor
functions, attention, memory, speech and
executive functioning are significantly im-
paired. COVID-19 manifestations include
chest discomfort, confusion, shortness of
breath or difficulty breathing, and changes
in blood pressure and heart rate [18].

Burak Yulug and other authors believe
that SARS-CoV-2 may be a risk factor for
Alzheimer's disease. The scientists com-
pared 17 patients with COVID-19 with 20
control patients and assessed the impact of
COVID-19 on overall cognitive perform-
ance, hippocampal volume and its connec-
tions. They showed that COVID-19 pa-
tients had significantly worse cognitive
functioning and increased hippocampal
connectivity, as evidenced by a strong cor-
relation between hippocampal connec-
tivity and cognitive performance. These
findings of increased hippocampal connec-
tivity in the absence of observable hippo-
campal morphological changes even in
mild cases of COVID-19 infection may
indicate a pre-structural compensatory
mechanism to stimulate additional neural
resources to combat cognitive dysfunction,

as has been shown in the prodromal stages
of degenerative cognitive disorders [19].

A systematic review and meta-analysis
of 20 studies by Zoe Marjenberg et al. on the
risks of prolonged manifestation of the main
symptoms of COVID-19 after SARS-CoV-2
infection found that SARS-CoV-2 infection is
associated with a significantly higher risk of
memory problems and difficulty concentrat-
ing. However, the authors highlight that
these risks are likely to change continually as
vaccines, reinfections and new variants alter
global immunity [20].

CONCLUSIONS

Long-term cognitive dysfunction is a
common disorder affecting children and
adults with PCC. Risk factors for the devel-
opment of PCC in general include female
gender, age, pre-existing medical condi-
tions, and severity of acute illness, in pediat-
ric practice — multisystem inflammatory
syndrome, Kawasaki syndrome on the eve.
Proposed mechanisms contributing to the
development of PCC and cognitive impair-
ment include neuroinflammation, hypoxia,
vascular injury, latent viral reactivation, and
direct viral invasion of the central nervous
system. Treatment of cognitive dysfunction
that persists for more than six months after
the acute period of infection in PCC re-
quires a multifaceted approach, including
neuropsychological examination and indi-
vidual rehabilitation, as well as systematic
screening for early diagnosis of progressive
brain pathologies. Further research on this
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topic is needed to conduct evidence-based
interventions specific to cognitive impair-
ment associated with COVID-19.
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Photodynamic therapy (PDT) is a relatively young but rapidly developing method of treatment. Currently,
PDT is widely used in dentistry, dermatology, oncology and other fields of medicine. Cases of successful
treatment of tumors of the head and neck, brain, lungs, pancreas, colon, breast, prostate, bladder, cervix and
skin using PDT are described in literature. In addition, the effectiveness of PDT in the treatment of bacterial
and fungal infections has been repeatedly proved. To date, there are a large number of studies on the use of
PDT in various diseases in adults, but few data on this subject in children. The authors have been searching for
publications in the electronic databases PubMed, Google Scholar and eLibrary by the following keywords:

Mo "non

"PDT", "photodynamic therapy", "pediatrics", "children", "dermatology", "dentistry", "pulmonology", "ophthal-
mology", "oncology". The search was conducted from the moment of the foundation of the corresponding da-
tabase to August 2023. PDT is an innovative method of treating neoplasms and bacterial infections. On the
basis of the data obtained while conducting the study, it can be confirmed that applying PDT allows to reduce
the number of surgical interventions and achieve the best treatment results. All the studies and clinical cases
with the use of PDT in the treatment of various diseases in children, which are presented in this review, dem-
onstrated that the treatment results were better than those with standard therapy. However, certain limita-
tions must be taken into account, these include difficulties in selecting a photosensitizer and its route of ad-
ministration. At present PDT is being actively studied in the pediatric population, but there are still many gaps
that require additional large-scale studies.

Keywords. Photodynamic therapy, PDT, dermatology, pediatrics, children, oncology, ophthalmology, dentistry.

OCyIEeCTBIEH aHAIN3 JIUTEPATYPHBIX JAHHBIX, TOCBAIICHHBIX UCIONb30BAHUIO (POTOAUHAMUYECKON Tepa-
nuu (OJT) npu paznmMuHbIX 3200/1€BAHUAX B NeAUATpUYeCcKor nonyaauun. ®IT — OTHOCUTENBbHO MOJIO-
JIOM, HO OBICTPO PA3BUBAIOIIUIAC MeTO/ JeueHus. B Hacrosmee Bpems OJT akTHBHO NPUMEHSAETCS B CTO-
MATOJIOTUY, JEPMATONOIMH, OHKOJIOTUM M JPYIHX OONACTAX MEAULMHBL B IMTEpaType ONMCAHBL CIyddn
YCIEWHOTO JIEYEHHA OIYXOJIEH I'ONOBb U IEH, T'OTOBHOIO MO3I4, JIETKUX, HOLKEIYIOYHON KENE3bl, TON-
CTOH KHIIKY, MOJIOYHOH JKENE3bl, IPOCTATBL, MOYEBOT'O MY3bIPS, MENKU MATKU U KOKU C UCIOJIb30BAHUEM
OIT. Kpome TOro, HEOAHOKPATHO JIOKA3BIBANIACH 3P(EKTUBHOCTD UCHIONb30BaHuA PJIT B Tepanuu Gakre-
PUATBHBIX U I'PUOKOBBIX MH(EKIUIA. Ha CErofHAMHUIA JE€Hb UMEETCA GOJBIIOE KOMMYECTBO UCCIEAOBA-
HUY, TIOCBAIEHHBIX NpuMeHeHuI0 OIT npy pasnuyHbIX 3a001€BAHUAX Y B3POCILIX, OHAKO JAaHHBIE 110
JCTAM OIDAHMYCHBL ABTOPAMHU ObUI IPOBEACH MOMCK NYONMUKALMI B JMEKTPOHHBIX 043aX JaHHBIX PubMed,
Google Scholar u ELibrary. [Tonck nposogmica no caeaylomum KmodessiM c1osam: PDT, photodynamic
therapy, pediatric, children, dermatology, dentistry, pulmonology, ophthalmology, oncology, «®OT»,
«(pOTOAMHAMUYECKAS TEPAKAY, «IEAUATPUA>, «AETH», IEPMATONOTHUA», «CTOMATONOTHAY, «ITyIbMOHOJIO-
T, «OTATbMOJIOTUA>, «OHKONOIHUA>. [JOMCK NPOBOAUIICA BO BDEMEHHOM MHTEPBAIE C MOMEHTA OCHOBA-
HUSL COOTBETCTBYIONIEN 6a3bl JAHHBIX 110 aBrycT 2023 T.

ONT aBnseTcAd HHHOBAIMOHHBIM METOJIOM JICUEHH HOBOOOPA30BAHMI 1 OaKTEPUATbHBIX UH(eEKIUi. OCHO-
BBIBAACh HA UMEIOMUXCA JAHHBIX, MOXKHO YTBEPKIATD, uTO PJIT I103BOMAET COKPATUTD KOJIMYECTBO XUPYPIU-
YECKMX BMEMIATENBCTB M JOOUTHCA HAWIYYIIMX PE3YIbTATOB JEYEHUA. Bce MCCIENOBAHNA U KIMHUYECKUE
cydan ucronb3osaHus OIT B Tepanyu paznUdHBIX 32001€BAHUN Y IETEH, IPE/CTABIEHHBIE B HACTOAMIEM
00630pe, IPOAEMOHCTPUPOBAIIY, YTO PE3Y/IBTATHL JICUCHUA OBUIM JIUIIE, YEM IIPU NIPOBCACHUY CTAHAPTHON
Tepanuy. OfHAKO HEOOXOAMMO YUUTBIBATh HAIMUME ONPE/ENEHHBIX OIPAHUYEHHUI, BKIIOYAA TPYAHOCTU C
101060poM (POTOCEHCUOMIM3aTOPa U €ro MyTH BBeAeHus. Ha ceropusimnuil gens OT akTUBHO nM3ydaeTcs B
NEAMATPUYECKON HOMY/IALMH, OFHAKO OCTAETCS MHOTO IPOOEIIOB, KOTOPBIE TPEOYIOT IPOBEACHUSA JONOHU-
TEJbHBIX MACIITAOHBIX MCC/IEA0BAHUIL

Kirouessie cnoBa. Poroaunamuyeckas tepanud, OIIT, nepMatonorus, NeAuaTpus, AeTH, OHKOIOTHS, Of-
TAJIbMOJIOT M, CTOMATONOTUA.
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INTRODUCTION

Photodynamic therapy (PDT) is a rela-
tively young but rapidly developing method
of treatment [1]. Currently, PDT is widely
used in dentistry, dermatology, oncology and
other fields of medicine [2; 3]. Cases of suc-
cessful treatment of tumors of the head and
neck, brain, lungs, pancreas, colon, breast,
prostate, bladder, cervix and skin using PDT
are described in literature [4—06]. In addition,
the effectiveness of PDT in the treatment of
bacterial and fungal infections has been re-
peatedly proved [7]. To date, there are a large
number of studies on the use of PDT in vari-
ous diseases in adults, but few data on this
subject in children. Thus, the aim of this
study is to analyze the literature data on the
use of PDT for various diseases in the pediat-
ric population.

MATERIALS AND METHODS

The authors have been searching for
publications in the electronic databases
PubMed, Google Scholar and eLibrary by the
following keywords: "PDT", "photodynamic
therapy", "pediatric", "children", "dermatol-
ogy", "dentistry", "pulmonology", "ophthal-
mology", "oncology", «®/IT», «boToauHAMY-
YECKAA TEPANKd», «ICAUATPUA», «[ICTH»,
IEPMATOJIOTUSA>, «CTOMATOJIOTUSY,  «IIy/Ib-
MOHOJIOTUA>, «O(TANIbMONOTHA», «OHKOJIO-
rus>. The search was conducted in the time
interval from the moment the correspond-
ing database was founded until August
2023. The authors independently analyzed
article titles and abstracts, after which the
full text of relevant studies was extracted.
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MECHANISM OF ACTION OF PDT
AND APPLICATION SCOPE

The PDT mechanism is based on the
oxidation of biomolecules under the influ-
ence of light of the appropriate wavelength
due to the preliminary introduction of a so-
called photosensitizer into the irradiated
area. A photosensitizer is a pharmacological
drug capable of selectively accumulating in
pathologically altered tissues. When the area
treated with photosensitizer is locally illu-
minated with laser radiation of a certain
wavelength, the so-called photocytotoxic
effect occurs. This process can proceed ac-
cording to two mechanisms [8; 9].

Type I - light energy is transferred
from excited molecules to biomolecules via
electron / hydrogen transfer upon direct
contact, where it accumulates and causes
specific damage to biomolecules.

Type II - light energy is transferred to
molecular oxygen, which then produces
singlet oxygen, which is extremely reactive
and can damage both cellular proteins and
DNA [8].

In addition to the direct cytotoxic effect
leading to cell apoptosis, there are other de-
structive mechanisms such as occlusion of
blood vessels and the release of lymph and
cytokines [9]. The degree of damage and the
mechanism of action depend on the type of
photosensitizer used, as well as the type of
cells being affected, the concentration of the
photosensitizer itself, and the wavelength of
the light used. To date, the effectiveness of
PDT has been proven and introduced into
clinical practice in the treatment of superficial
lesions [5; 11]. However, in the case of deeper
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lesions, certain difficulties arise associated
with the placement of the photosensitizer
and the limited penetrating ability of the light
wave. Thanks to the rapid development of
technology, fiber optic endoscopes make it
possible to penetrate hard-to-reach places
and directly deliver light with the required
wavelength [12; 13]. Photosensitizers them-
selves are also constantly modified by the ad-
dition of various organ-specific carriers. This
allows the photosensitizer to be delivered to
the target organ after intravenous administra-
tion. At the same time, it has a protective ef-
fect on other organs in the case of potential
pathological effects of PDT on healthy tissues
[14; 15]. Attempts have also been made to in-
troduce photosensitizers that bind to recep-
tors on the surface of cancer cells, such as
estrogen, progesterone, or EGFR [16; 17).

The use of PDT allows patients to avoid
complex surgical procedures. In addition,
PDT has recently begun to be used in den-
tistry, particularly in endodontics, to
achieve an antimicrobial effect [18].

USE OF PDT FOR SKIN DISEASES
IN CHILDREN

The occurrence of skin cancer in child-
hood is rare. However, some genetic syn-
dromes, such as Gorlin syndrome or xero-
derma pigmentosum, may predispose to the
development of skin tumors from childhood.

Basal cell nevus syndrome (BCNS), also
known as Gorlin syndrome, is caused by
mutations in the PTCHI1 gene and is inher-
ited in an autosomal dominant pattern.
BCNS is characterized by multiple basal cell
carcinomas (BCC) in combination with
dental, bone, ophthalmological, and neuro-

logical defects. C. Girard et al. used PDT to
treat Gorlin syndrome in children. The au-
thors showed that the effectiveness of PDT
using 5-aminolevulinic acid (5-ALA) for su-
perficial lesions ranged from 78 to 100 %.
The researchers did not report any signs of
toxicity [19]. AR. Oseroff et al. performed
several sessions of 10 % ALA PDT in chil-
dren using a laser for smaller diameter areas
(2 to 7 ¢cm) and a lamp for larger diameter
areas (up to 16 cm in diameter). Each pa-
tient required four to seven sessions. Pa-
tients reported no new BCCs at PDT sites
during 6 years of examination [20]. The re-
sults of therapy of 33 patients with BCNS in
the age range of 9-79 years were described
by J. Loncaster et al. [21]. The authors used
ALA-PDT and MAL (methylaminolevulinic
acid)-PDT, obtaining different results de-
pending on the thickness of the lesions. The
authors performed ultrasound to assess le-
sion thickness and used topical PDT to treat
only supetficial lesions (<2 mm thick). To
reach deeper lesions, a systemic photosensi-
tizer was administered. At 12 months, local
control rates were 73.0 % for lesions < 1 mm,
40.8 % for lesions 1 to 2 mm, and 59.3 % for
lesions > 2 mm [21]. Patients with Gorlin
syndrome are highly susceptible to DNA
damage from treatments such as ionizing
radiation. However, A.R. Oseroff et al. found
no evidence that ALA-PDT induces or pro-
motes the development of BCC in pediatric
patients [20]. It is important to note that the
effective radiation dose may be reduced due
to the different pigmentation of BCC. Pre-
liminary removal of pigmented BCC may
help to cope with this problem. In a group
of adult patients, A.G. Salvio et al. performed
the removal of 30 pigmented BCCs before
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MAL-PDT and obtained a complete re-
sponse to therapy in 100 % of cases with
no relapses after 24 months of examina-
tion [22]. The suitability of this method
should also be investigated in the pediat-
ric population.

There is a report of a 12-year-old boy
with Bowen's disease who underwent ther-
apy using MAL-PDT. After two PDT sessions,
which were carried out with breaks for
3 weeks, the lesion was completely re-
moved. Nine months after the procedure,
no relapses were observed [23)].

M. Xu et al. conducted a study involving
12 children with pointed condyloma. The chil-
dren underwent PDT therapy using the photo-
sensitizer 5-ALA. Red light with a wavelength
of 635 nm was used as a light source for
20 min. Positive changes were observed after
using PDT. In addition, no relapse of the dis-
ease was observed. The authors showed that
PDT is highly effective for perianal and in-
traanal lesions with minimal side effects [24].

Flat warts (FW) are a superficial viral skin
disease that is extremely common in child-
hood. F. Borgia et al. evaluated the efficacy of
conventional PDT (C-PDT) compared to day-
light PDT (DL-PDT) using 10 % ALA. The au-
thors included 30 patients under 18 years of
age with FW on the face in the study. The pa-
tients were divided equally into two groups:
Group 1 - received C-PDT; Group 2 -
DL-PDT. The therapeutic intervention was
performed three times with a monthly inter-
val. The treatment results were assessed at 4,
8, 12, and 24 weeks. The authors identified
the following criteria for the effectiveness of
the therapy: excellent (reduction in the total
number of FWs by 75-100 %); very good (re-
duction by 74-50%); good (reduction by
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49-25 %); weak (reduction by less than 25 %
or no response). The study found that
DL-PDT in combination with 5-ALA is a safer
and more effective method. Patients reported
better tolerability and absence of pain [25).
Inanother study, the same authors de-
scribed a clinical case of an 8-year-old girl
who received PDT for FW on the eyelids,
nose, and cheeks. t5-ALA was applied topi-
cally as a photosensitizer, and sunlight was
the light source. The method was used
twice, with an interval of one month be-
tween treatments. Six weeks after the last
treatment session, the scars had completely
disappeared without recurrence [26).

The effectiveness of PDT was also dem-
onstrated in the description of a clinical case
of a 6-year-old girl who had a history of mul-
tiple warts on her foot for a year. Physical ex-
amination revealed a subungual papilloma
and multiple hyperkeratotic plaques on the
dorsum of the left foot. Cryotherapy per-
formed 3 months earlier was ineffective;
therefore, PDT was used. After 6 weeks, the
lesions were removed without any side ef-
fects. PDT may be an alternative treatment for
warts, especially in patients who are not re-
sponsive to routine treatment. Regression of
FW is promoted by two main mechanisms:
1) generation of cytotoxic radicals that de-
stroy keratinocytes via apoptosis; 2) stimula-
tion of specific immune responses releasing
various cytokines (IL-14, IL-2 and tumor ne-
crosis factor alpha). In this study, FWs were
removed after only two sessions [27; 28].

A. Ding et al. performed PDT using 5-ALA
as a photosensitizer in six patients diagnosed
with squamous cell carcinoma localized on
the face. The results of the study showed
complete removal of foci within a month of
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therapy [29]. Thus, it can be assumed that
ALA-PDT is highly effective, especially in cases
where other therapy does not show re-
sults [29]. M. Chen et al. demonstrated the
effectiveness of PDT using the example of
a 9-year-old girl with papillary lesions in the
vulva. Just one hour after PDT, tumor cells
began to fragment with pronounced damage
to organelles, and after 4 hours, the authors
noted cell necrosis. The papillary lesion com-
pletely disappeared after one week of PDT.
Electron microscopy showed that PDT mainly
damaged acanthocytes and koilocytes in vi-
rus-infected tissue [30].

Nevus flammeus (port-wine stain) is a
congenital permanent developmental defect
that occurs in 0.1-2 % of newborns. It ap-
pears as a unilateral or bilateral spot of ir-
regular shape, clearly defined, bright pink or
purple color [31]. There have been several
attempts to use PDT in the treatment of ne-
vus flammeus in children. T. Chun-Hua et al.
conducted a retrospective study by evaluat-
ing 439 case histories of children with nevus
flammeus, whose therapy was carried out
using PDT [32]. Hematoporphyrin mono-
methyl ether was used as a photosensitizer,
and a green laser with a wavelength of 532 nm
was used as a light source, which was applied
for approximately 20-25 min. The results of
the study showed that 95 % of patients dem-
onstrated an effective response to the thera-
py. Transient side effects in the form of
edema, purpura and pigmentation were lev-
eled without additional treatment and only
2 % of patients had scars. Y. Huang et al. con-
ducted a similar study, which included 212
patients with a mean age of 13.01 + 12,67
years [33]. The authors found that patients
who received more than three PDT sessions

demonstrated a better response compared to
those who received less than three sessions
(p = 0.003). In general, PDT with hemopor-
phyrin is an effective treatment for nevus
flammeus in children [31-36], but there are
reports of the impossibility of complete re-
moval of lesions located deeper or having a
larger diameter due to limited penetration of
light into the skin [37].

USE OF PDT IN PEDIATRIC DENTISTRY

The scope of PDT application in den-
tistry is extremely broad and includes the
treatment of acute and chronic gingivitis,
alveolitis, and peri-implantitis. In addition,
PDT has begun to be actively used in endo-
dontics for the purpose of antibacterial
treatment of prepared carious cavities and
root canals of teeth [38].

A. Alsaif et al. showed a reduction in the
total number of bacteria by approximately
95 % when PDT affected oral biofilm. The
authors concluded that PDT contributes to
increased clinical efficacy by reducing the
overall treatment time for oral diseases [39].
M. Bargrizan et al. showed that antibacterial
PDT removes planktonic bacteria, plaque,
and oral biofilm [40]. EP. Rosa et al. evalu-
ated the effectiveness of antibacterial PDT in
patients with braces. The authors included
34 patients of both sexes with gingivitis who
had been wearing braces for more than
12 months. Methylene blue was used as a
photosensitizer, and a red laser diode with a
wavelength of 660 nm was used as a light
source. PDT resulted in significant removal
of biofilm, which in turn reduced the extent
of tissue damage [41]. Other authors have
also confirmed that antibacterial PDT, this
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time using chlorine, has a pronounced bac-
tericidal effect on biofilms, making it an ef-
fective treatment for acute and recurrent
oral diseases [42]. LP. Kiselnikova and
Gl Kuznetsova presented the results of
treatment of 81 adolescent children with
chronic gingivitis, who were divided into two
groups: 1st — treatment using photoactivated
antisepsis; 2nd — standard therapy. Patients in
group 1 showed a more pronounced decrease
in the PMA and CPI indices compared to pa-
tients in group 2 [43]. CB. Okamoto et al. as-
sessed the effectiveness of PDT in eliminating
microorganisms from inside the root canals
of the tooth. Methylene blue was used as a
photosensitizer, and the light source was a
laser with a wavelength of 660 nm. The re-
sult of the experiment was the complete
(with 100 % efficiency) removal of bacteria
in the root canals [44]. Similar results regard-
ing the antibacterial treatment of root canals
were obtained by K.G. Karakov et al. [45].

SL. Pinheiro et al. evaluated the effective-
ness of PDT therapy in children with pulp ne-
crosis in primary teeth by quantitatively deter-
mining live bacteria. PDT was performed using
a diode after the introduction of toluidine blue
as a photosensitizer. As a result, a reduction in
the number of microorganisms with an effi-
ciency of 98.37 % was observed. The study con-
cluded that PDT is a therapy that helps reduce
the population of microorganisms in primary
teeth with pulp necrosis [46).

NKS. Mslik and O.H. Alkadhi evaluated
the effectiveness of PDT therapy against
oral candidiasis in children with gingivitis.
The average age of patients was 16 years.
The results of the study showed a statisti-
cally significant decrease in the number of
candida in the oral cavity [47].
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V.C. Ribeiro da Silva et al. studied the ef-
fectiveness of PDT in the treatment of sto-
matitis in children [48]. The study included
29 patients aged 10 months to 18 years, who
were divided into two groups. Patients in the
first group received PDT using 0.01 % me-
thylene blue as a photosensitizer and a red
laser (660 nm) as a light source; patients in
the second group received low-level laser
therapy. In both groups, patients reported a
significant reduction in pain.

One of the main tasks in pediatric den-
tistry is the preservation of baby teeth with
pulpitis caused by caries or traumatic im-
pact. De Sant'Anna presented a clinical case
of post-traumatic pulpitis that developed in
a 5-year-old boy with type I diabetes [49].
The author successfully applied PDT for
root canal disinfection using methylene
blue (50 p / ml) as a photosensitizer. The
advantages of PDT included a reduction in
procedure time, which is extremely impor-
tant when working with children. A.C. Da
Mota et al. also evaluated the effectiveness
of PDT in the treatment of pulpitis in pri-
mary teeth [50]. The study included children
aged 3-0 years with pulpitis.

The authors divided the patients into
two groups: 1st — experimental (PDT);
2nd - control (standard therapy). Methyl-
ene blue at a concentration of 0.005 % was
used as a photosensitizer. The light source
was a laser (660 nm) with an energy of 4 J
and an average power of 100 MW, the ef-
fect was carried out for 40 s. Based on the
results of the study, the authors concluded
that antibacterial PDT is highly effective
against microorganisms, does not cause re-
sistance, and is a comfortable method for
patients, since it does not cause pain.
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R. Fekrazad et al. evaluated the effec-
tiveness of antibacterial PDT in children with
severe caries [51]. The study group consisted
of 22 children with severe caries aged
3-6 years. The oral cavity was treated with
toluidine blue for 1 min and irradiated with
a LED for 150 s. Saliva samples from each
treated child were collected in three stages:
before the examination, 1 hour after the
procedure, and 7 days after the procedure. At
each stage, the authors determined the
amount of Streptococcus mutans. After the
experiment, the authors concluded that the
amount of Streptococcus mutans in saliva
decreased significantly after 1 hour, but 7
days after the treatment, their number re-
turned to the original values. Similar conclu-
sions were presented by LV.G.L. Alves et al,
who confirmed the effectiveness of PDT
against cariogenic microorganisms after se-
lective removal of caries without damaging
composite dental materials [52]. A. Potap-
chuk et al. conducted a study involving
35 children with caries aged 12-15 years
who underwent PDT. The antibacterial effect
was assessed using polymerase chain reac-
tion. The authors found a statistically signifi-
cant reduction in microorganisms such as
Enterococcus faecalis, Veilonella and Can-
dida albicans. After the experiment, it was
established that PDT in the treatment of
dentin caries is a highly effective and patho-
genetically proven method, providing a sig-
nificant reduction in facultative and obligate
types of carious microorganisms [53]. LT. Car-
valho et al. described the effectiveness of an-
tibacterial PDT in a 9-year-old patient with
deep caries of the first molar of the right
lower jaw. Six months after treatment, no
traces of caries were found, which confirmed

the effectiveness of the technique used [54].
PDT is characterized by a high level of com-
fort for pediatric patients, as it has a low level
of noise and vibration, as well as painlessness.

USE OF PDT IN RECURRENT
RESPIRATORY PAPILLOMATOSIS

Recurrent  respiratory — papillomatosis
(RRP) is one of the most challenging prob-
lems among benign tumors of the upper and
lower respiratory tract. Dissemination of the
tumor process and damage to the lung tissue
not only create the possibility of malignancy,
but also complicate the choice of treatment
tactics and in many ways limit surgical op-
tions, necessitating a multidisciplinary ap-
proach [55]. RRP is characterized by a relaps-
ing course, as well as extremely rapid growth
of neoplasms, which can be life-threatening.
In most cases, treatment of RRP requires
complex surgical interventions. PDT can be
used as an adjuvant treatment for RRP. For
example, A. Lieder et al. found that PDT,
both as an independent therapy and in
combination with surgical treatment, brings
therapeutic benefits in children and adults
with RRP [56]. Another example of the use of
PDT in RRP is a clinical study conducted by
MJ. Shikowitz et al. [57], which included
23 patients (children and adults) diagnosed
with RRP. Hydroxyphenyl chlorine was used
as a photosensitizer. The authors demon-
strated that PDT contributed to an impro-
vement in the immune response and prog-
nosis of the disease.

USE OF PDT IN CHILDREN’S OPHTHALMOLOGY

Choroidal neovascularization (CNV) is
a pathological mechanism common to
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many eye diseases. It involves the prolifera-
tion of small vessels originating from the
choroidal capillaries that penetrate through
Bruch's membrane into the space beneath
the retinal pigment epithelium, as well as
into the cells of the retinal pigment epithe-
lium and photoreceptors. Newly formed
vessels are highly fragile and have a tortu-
ous structure. If these vessels are damaged,
blood accumulates in the subretinal space,
causing hemorrhagic retinal detachment,
which ultimately leads to the formation of a
discoid fibrous vascular scar [58]. S. Ozdek
et al. used PDT to treat CNV in four chil-
dren, and clinical efficacy was assessed us-
ing fluorescein angiography and optical co-
herence tomography [59]. All patients re-
sponded well to PDT. The efficiency of
visual acuity improvement was 80 %. Impro-
vement or stabilization of visual acuity was
maintained for an average of 25 months of
observation. The aim of the study by A. Lip-
ski et al. was to determine the therapeutic
potential of PDT using verteporfin in pa-
tients with CNV [60]. The results of the
study demonstrated high efficacy and toler-
ability of PDT in a group of patients with
visual impairment. D. Spsskind et al. assessed
the effectiveness of PDT in the treatment of
exudative limited choroidal hemangioma
[61]. According to the results of the study,
the authors noted an improvement in visual
acuity in all patients. In turn, the average
thickness of the retina was reduced. It has
been proven that PDT is an effective and
safe procedure in the treatment of exuda-
tive choroidal hemangioma. Similar results
were presented by C. YYIdYrym et al. in a
description of a clinical case of a 10-year-
old girl with CNV who lost vision in her
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right eye. The authors used PDT with verte-
porfin. Improvement of visual acuity up to
80 % and resorption of subretinal fluid
were observed after four months of ther-
apy [62]. After one year of observation, no
relapses of the disease were observed. In
turn, in the study of F. Giansanti et al,
which included five patients aged 7-15 years
who were treated with PDT, infiltration
decreased and atrophic changes occurred
in the retinal pigment epithelium. Visual
acuity was stable [63].

Sturge-Weber syndrome is an ence-
phalotrigeminal angiomatosis that is related
to hereditary neurocutaneous syndromes
(phakomatoses). Eye lesions occur in 30-70 %
of cases and are represented by a disruption
in the formation of the capillary wall of the
conjunctiva, episclera and iris, glaucoma, an
increase in the size of the cornea, and chor-
oidal hemangioma [64]. R. Nugent et al. de-
scribed a clinical case of a 6-year-old girl
with Sturge-Weber syndrome who was
treated using PDT. As a result of the therapy,
the exudate completely resolved within
3 months after treatment [65]. M. Mauget-
Fagsse et al. assessed the efficacy and safety
of PDT in combination with verteporfin in
children and young people with subfoveal
choroidal neovascularization [66]. As a result
of PDT, visual acuity improved, vascular an-
astomosis was formed, and no serious side
effects were observed. M.E. Farah et al. evalu-
ated the role of PDT using verteporfin in the
treatment of subfoveal choroidal neovascu-
larization in Vogt-Koyanagi-Harada syn-
drome. A case of a 9-year-old patient was
analyzed in which complete regression of
the lesion within one week after the start of
treatment was observed [67].
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USE OF PDT IN CASE OF MALIGNANT
NEOGLOMS IN CHILDREN

Brain tumors occurring in the pediatric
population have significant differences from
those in adults, which is expressed mainly in
their localization and histopathology. The se-
lection of therapeutic tactics must be carefully
considered, since not all forms of treatment
used in adult patients can be used in children.
To date, there is data on the use of PDT in
childhood oncological diseases both in vitro
and in vivo. M. Schwake et al. evaluated the
antitumor activity of PDT in vitro on four dif-
ferent cell lines of brain tumors that arise in
childhood. The authors used a diode with a
wavelength of 635 nm, the exposure time was
250 s. 5-ALA and protoporphyrin were used
as photosensitizers. The results of the study
showed the destruction of all malignant cells
in the studied lines [68). M.H. Schmidt et al.
conducted a study involving 20 patients with
recurrent malignant brain tumors who were
treated using PDT [69]. Porphyrin was used as
a photosensitizer, while a light-emitting diode
was used as a light source. All treated patients
showed stabilization of tumor growth, which
was assessed using MRI. P.J Lou et al. analyzed
interstitial PDT (injection of the drug directly
into the tissues). Clinical trials have supported
the hypothesis that interstitial PDT provides
pain relief in terminal advanced head and
neck cancer. It is a treatment option that
should be added to those available for com-
plex head and neck cancer syndromes [70].

PDT is an extremely promising method
for adjuvant treatment of oncological dis-
eases. One of the main advantages of PDT is
the low number of side effects, which is es-
pecially important in the treatment of chil-

dren. PDT is increasingly being used in chil-
dren worldwide with satisfactory results.
Expanding research into the use of PDT in
childhood cancers provides an opportunity
to develop an effective adjuvant therapy
method and forms the basis for reducing
the need for surgical interventions. In addi-
tion, PDT opens up prospects for increasing
the survival rate of cancer patients.

DIFFICULTIES IN USING PDT IN CHILDREN

Despite the undeniable advantages de-
scribed above, PDT may have certain limita-
tions when used in children. One of the limi-
tations is the choice of the least toxic photo-
sensitizer, as well as the correct titration of its
dose for each specific case. Because of the
need to administer a photosensitizer prior to
exposure to the light source, the patient may
have varying reactions to a relatively long
waiting period, which can range from a few
minutes to several days. For deep lesions, the
photosensitizer is administered intravenously,
which can be difficult, especially in children.

CONCLUSIONS

PDT is an innovative method for treat-
ing neoplasms and bacterial infections.
Based on the available data, it can be stated
that PDT allows to reduce the number of
surgical interventions and achieve the best
treatment results. All studies and clinical
cases of using PDT in the treatment of vari-
ous diseases in children presented in this
review demonstrated that the treatment
results were better than with standard ther-
apy. However, it is necessary to take into
account the presence of certain limitations,
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including difficulties in selecting a photo-
sensitizer and its route of administration. To
date, PDT is actively studied in the pediatric
population, but there are many gaps that
require additional large-scale studies.
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NON-ALCOHOLIC FATTY LIVER DISEASE AND PREGNANCY
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HEAJIKOT'OJIbHAA KUPOBAA BOJIE3Hb IIEHEHU 1 BEPEMEHHOCTD

T.I1. Illesmokoea’, H.A. Byramosa’*

"Tromenciuil 20CY0apCmeeHHbILL MeOUUUHCKULL YHUBEDCUmMeN,
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Poccutickasn Qeoepauus

The issues of epidemiology, risk factors, and pathogenetic mechanisms of non-alcoholic fatty liver disease
during pregnancy are considered in the review. The impact of liver steatosis and obesity on the course and
outcome of pregnancy, the perinatal state of the mother and fetus are described. Fluctuations in the hormo-
nal spectrum, an increase in body weight, which can affect the development and progression of liver steatosis,
occur during pregnancy. Women of reproductive age with metabolic syndrome, obesity require a thorough
examination and, if it is necessary, optimization of metabolic health before planning pregnancy. Pregnant
women with liver pathology need dynamic control and prevention of disease progression and associated ob-
stetric complications.

Keywords. Liver, pregnancy, non-alcoholic fatty liver disease, obesity.

B 0630pe paccMOTPEHBI BOTIPOCH! SMIFIEMUONOTHH, (PAKTOPOB PHCKA, MATOTCHETHYCCKIX MEXAHHU3MOB HEATl-
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JKeHImuHAM PEenpOAYKTUBHOTO BO3PACTA C META00NIUYECKUM CHHJPOMOM, OKUPEHUEM JI0 TUIAHMPYEMOH
6EpEMEHHOCTH TPEOYETCS TIIATENLHOE 0OCIEA0BAHNE U IPU HEOOXOAUMOCTH ONTUMU3ALMA META00IIYE-
CKOT'O 3[0pOBbsA. bepeMEeHHbIM JKECHIIMHAM C TATOJOTUEN MEYEHH MOKA3AH AMHAMUYECKUN KOHTPOIb U
NPOUIAKTUKA IPOTPECCUPOBAHUSA 3a00I€BAHUA U ACCOIMUPOBAHHBIX C HUM aKYIIEPCKUX OCTOXHEHNI.
KiroueBslie c10Ba. [leyeHn, 6epEMEHHOCTD, HEATKOTOJIbHAS KUPOBAst O0JIE3Hb TIEYCHH, OKUPEHHE.

INTRODUCTION

Fatty liver disease is quite common
during pregnancy and occurs in two com-
pletely different conditions: non-alcoholic
fatty liver disease (NAFLD) and acute fatty
liver disease across pregnancy. The preva-
lence of NAFLD increases every year and is
registered in 10-20 % of women of child-
bearing age [1; 2], 10-15% of pregnant
women [3], which is associated with the
obesity pandemic and the increasing age of
pregnant women, especially in Western
countries. The number of pregnant women
with fatty liver disease is expected to in-
crease in the coming years [4]. During preg-
nancy, there are fluctuations in the hormo-
nal spectrum and an increase in body
weight, which can affect the development
and progression of liver steatosis [5]. The
issues of diagnosis and principles of correc-
tion of NAFLD in pregnant women, the fea-
tures of maternity care, childbirth and the
postpartum period in these women are also
discussed.

EPIDEMIOLOGY AND RISK FACTORS FOR
NAFLD IN PREGNANCY

Recently, there has been an increase in
obstetric and perinatal pathology caused by
hepatocellular insufficiency. Pathology of
the hepatobiliary system occurs in women

78

4.7 times more often than in men, which
leads to an increase in the number of preg-
nant women with liver diseases [6; 7). Liver
pathology is registered in 3-5 % of pregnant
women and is characterized by a variety of
etiological forms, which are divided into
two main groups: liver damage caused by
pregnancy itself (with uncontrollable vom-
iting of pregnancy, intrahepatic cholestasis
of pregnancy, acute fatty liver disease of
pregnancy, liver damage in preeclampsia,
eclampsia and HELLP syndrome), and liver
diseases not directly caused by pregnancy
(acute diseases that developed during preg-
nancy and chronic diseases that preceded
pregnancy, including NAFLD) [8; 9]. Over
the past 10 years, there has been a trend
towards an increase in the prevalence of
NAFLD among women [10], as well as a
sharper increase in mortality compared to
men [11].

NAFLD is associated with an increase in
the prevalence of risk factors in the popula-
tion, such as metabolic syndrome (MS), obe-
sity, diabetes mellitus and dyslipidemia [5]. In
women, MS develops 24 times more often
than in men [12], in women of childbearing
age, MS is recorded in 7.6-15.7 % [13; 14],
the increase in the prevalence of MS among
pregnant women, according to some data,
over a period of 1988-2015 amounted to
from 3 t0 42 % [15].



Perm Medical Journal

2024 volume XLI no. 3

Recently, the problem of obesity and
overweight, according to WHO, has become
a pandemic of global proportions. By 2025,
the number of obese people worldwide is
expected to reach approximately 300 mil-
lion. Obesity has a detrimental effect on
every aspect of reproductive health and
during pregnancy can have enormous con-
sequences and increase the risk of obstetric
pathologies such as gestational hyperten-
sion, preeclampsia, gestational diabetes and
preterm birth [16-18]. For one in five
women of reproductive age, obesity has a
high socioeconomic cost due to increased
risk of maternal and neonatal complications
[19]. It has been established that gestational
diabetes mellitus occurs significantly more
frequently in obese pregnant women, re-
gardless of the type of fat deposition. The
visceral type of fat tissue distribution is as-
sociated with an increased risk of gesta-
tional diabetes mellitus in women with
normal and excess body weight [20; 21].

Dyslipidemia is diagnosed in 40-50 %
of the population and is often asympto-
matic [22]. Pregnancy changes lipid parame-
ters as early as the 12th week, causing
physiological hyperlipidemia, which can
affect the outcome of pregnancy [23]. Ac-
cording to research, all obese pregnant
women in the third trimester have dyslipi-
demia with a predominance of the athero-
genic fraction of lipoproteins and hyper-
triglyceridemia, 12 % have hyperfermen-
temia, and 52 % have signs characteristic of
liver steatosis according to ultrasound data.
Moreover, premature and late births were

significantly more common in the group of
women with obesity compared to pregnant
women with normal BMI [24]. Pregnancy
alters lipid parameters from the 12th week
of amenorrhea and causes physiological
hyperlipidemia. The lipid profile of patients
may influence obstetric outcome. There is
an increased risk of gestational diabetes
(33 %), preeclampsia (25 %) and gestational
cholestasis [25-27].

The characteristics of MS make it diffi-
cult to conduct retrospective studies to de-
termine the contribution of each metabolic
risk factor to the development of NAFLD
during pregnancy. Prospective studies are
needed to clarify the association between
NAFLD and pregnancy-specific features and
to assess the actual impact of NAFLD on
pregnancy outcomes [2].

PATHOGENETIC MECHANISMS LINKING
NAFLD AND PREGNANCY

The pathogenesis of NAFLD is cur-
rently considered as a complex multifacto-
rial process of a combination of adipose
tissue dysfunction with hyperproduction of
proinflammatory cytokines, insulin resis-
tance, activation of lipolysis, dyslipidemia,
impaired hepatic lipid clearance, oxidative
stress, mitochondrial and endothelial dys-
function, and intestinal microbiota disor-
ders [2; 14; 28-33].

There is currently no evidence that
pregnancy can provoke the development
of NAFLD, but it has been proven that es-
trogen imbalance, weight gain and insulin
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resistance (IR) due to pregnancy itself, as
well as the result of obesity before and dur-
ing pregnancy, are important in the patho-
genesis of liver steatosis during pregnancy.
Leptin and insulin levels directly correlate
with gestational age [2; 34]. It has been es-
tablished that IR in obese pregnant women
is based on proinflammatory processes,
since visceral adipose tissue synthesizes
proinflammatory cytokines, which leads to
the development of systemic inflammation
and changes in endocrine and immune
functions [35-37].

There is evidence that the production
of proinflammatory cytokines in obese
pregnant women may increase in adipose
tissue, blood, placenta and mucous mem-
branes, including the intestines, where an
increase in the number of opportunistic
microorganisms is recorded. Gut micro-
biota is involved in whole-body metabo-
lism, influencing energy balance, glucose
metabolism, and low-grade inflammation
associated with obesity and associated
metabolic disorders [38]. The number of
microorganisms increases from the first to
the third trimester of pregnancy. High
concentrations of bacteroides are associ-
ated with excessive weight gain during
pregnancy [39].

The mechanisms of pathogenesis of in-
sulin resistance, endothelial dysfunction
underlying the formation of placental insuf-
ficiency and preeclampsia, thrombophilia,
against the background of a chronic in-
flammatory reaction in pregnant women
with obesity have been described [37]. It has
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been established that clinical manifestation
of previously asymptomatic NAFLD may
occur during pregnancy [27].

INFLUENCE OF NAFLD ON THE COURSE
AND OUTCOME OF PREGNANCY

Obesity and NAFLD can affect the
course of pregnancy, labor, and the postpar-
tum period. Complications such as miscar-
riage, preeclampsia, premature birth, bleed-
ing, infections are registered, and the risk of
congenital anomalies and fetal death in-
creases [14; 41-44].

A large meta-analysis involving patients
of childbearing age showed an association of
liver steatosis with the risk of developing
miscarriage, preeclampsia and eclampsia,
gestational hypertension and diabetes melli-
tus, premature birth, and bleeding in the
postpartum period [45-48]. There is evi-
dence that NAFLD is associated with an in-
creased risk of low birth weight and more
frequent Cesarean sections. The risk of de-
veloping preeclampsia and gestational diabe-
tes is increased in pregnant women with
NAFLD even in the absence of obesity or
overweight [48]. There is also an increase in
the incidence of rapid development of liver
cirrhosis as an outcome of NAFLD [49] and a
higher risk of developing this pathology in
infants born to mothers with NAFLD [50; 51].
There is also an increase in the incidence of
rapid development of liver cirrhosis as an
outcome of NAFLD [49] and a higher risk of
developing this pathology in infants born to
mothers with NAFLD [50; 51].



Perm Medical Journal

2024 volume XLI no. 3

The pathophysiological mechanisms of
the influence of NAFLD on the perinatal state
of the mother and fetus are not completely
clear. There is an opinion that IR associated
with NAFLD activates the sympathoadrenal
and renin-angiotensin-aldosterone  systems,
leads to endothelial dysfunction, which can
contribute to the development of hyperten-
sion [52]. The development of preeclampsia in
NAFLD and obesity is associated with an im-
balance of adipose tissue hormones [53-55].

CONCLUSIONS

Structural and functional changes in
the liver affect the course of pregnancy and
require timely adequate correction. Women
of fertile age with MS and obesity require a
thorough examination and, if necessary,
optimization of metabolic health before the
planned pregnancy.

Pregnant women with NAFLD require
dynamic monitoring and prevention of
disease progression and associated obstet-
ric complications. The complex of preven-
tive measures should include recommen-
dations to prevent excessive weight gain
during pregnancy (diet and exercise), as
well as hepatotropic agents as indicated.
Appropriate counseling and monitoring of
patients with or at risk for hepatic steatosis
during pregnancy may have significant
health benefits for the mother and child.
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CERVICAL MUSCULAR DYSTONIA.
MODERN APPROACHES TO TREATMENT
L.R. Akbmadeeva*, D.1. Kbalilov, N.B. Akbmerov, M.1. Kazikbhanova,

A.F. Nasibullina, E.M. Bagirov
Basbkir State Medical University, Ufa, Russian Federation

INEPBUKAJIbHBIE MBIINIEYHBIE TUCTOHUMU.
COBPEMEHHBIE ITIOAXOAbI K TEYEHHUIO

JI.P. Axmaoeeea*, /].H. Xarunoe, H.b. Axmepoe, M.H. Ka3uxanoea,
A.®. Hacubyaruna, 3.M. Bazupog

Bawxupcruti 20Cy0apcmeennbiii MeouyuncKull ynusepcumen,
2. Ypa, Poccuiickasn Peoepayus

Cervical dystonia is a disease of the nervous system characterized by forcible discoordinated abnormal postures
of the head and neck. There are several approaches to the treatment of dystonia: conservative drug treatment,
botulinum therapy and neurosurgery. The latter includes deep brain stimulation, radiofrequency ablation, fo-
cused ultrasound, gamma knife. Literature data on this problem from open statistical and information databases
such as Web of Science, PUBMED, Movement Disorders Society; International Association of Parkinsonism and
Related Disorders were analyzed. Through a comparative approach, the advantages and disadvantages of mod-
ern approaches and interventions used in the treatment of cervical dystonia are noted. Among the modern
methods of treating cervical dystonia, there are a large number of approaches that improve the methods of
managing such patients. This review allowed us to summarize the experience of their application. A significant
growth of abilities of stereotactic techniques used in the treatment of cervical dystonia was also noted.
Keywords. Cervical muscular dystonia, focused ultrasound, deep brain stimulation, radiofrequency ablation,
gamma-knife, botulinum therapy.
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llepBuKanbHad UCTOHUA — 3200/IEBAHUE HEPBHON CUCTEMBI, XaPAKTEPU3YEMOE HACUIbCTBEHHBIMU JHMCKO-
OP/IMHAPOBAHHBIMH, MATOIOTUYECKAMHU TT03AMHU TOJIOBBI U er. TTopakas MperuMyIecTBEHHO TPYA0CIOCco6-
HOE HACENEHHUE, 3300JIEBAHUE NIPUBOAUT K COLUAIBHO-OBITOBOMH JE3a/JalITALIUY, YTO ABJIIET COOOM aKTyalb-
HyI0 IIpo6eMy. Ha cerogHAmHuMit AeHb CyImecTByeT HECKOIBKO II0/IXO/0B K JICYEHHIO IMCTOHNU — KOHCEPBa-
THUBHAA (PAPMAKOTEPATIHNA, GOTYIUHOTEPANHA U HEPOXUPYPTUYECKIE BMENIATENBCTBA, TAKUE KAK ITyOHHHAA
CTUMYJISLIUS TOJIOBHOTO MO3I'd, PAIMOYACTOTHAS A0JIAINSL, (POKYCUPOBAHHBIN YIBTPA3BYK, FAMMa-HOK. Cpeau
UCIIOJB3YEMBIX TIO/IXO/I0B CIE/YET BBIEAUTD Hauboee 3(h(PEKTUBHbIE TEHACHIMH, TIOAXOAIINE K YCIOBUAM
COBPEMEHHOI0 JIEUEHUS IUCTOHUM.

OcCymecTBIeH aHATN3 UMEIOMCHCS IMTEPATYPBI [0 UCCIEAYEMOH TEMATUKE U3 OTKPBITHIX CTATUCTUYECKUX U
nH(popMalMoHHBIX 6a3 aHHbIX Web of Science, PUBMED, Movement Disorders Society; International Asso-
ciation of Parkinsonism and Related Disorders. [TocpeacTBOM KOMIAPATUBUCTCKOTO MOAXOA OTMEYEHBI TIPE-
UMYITECTBA U HEOCTATKA COBPEMEHHBIX TOJXOJIOB M BMENIATENLCTB, UCTIONB3YEMBIX TIPU JIEYEHUH 1IEPBU-
KAJIbHBIX AUCTOHUNA. Cpeay COBPEMEHHBIX METOJIOB JICUEHNUA LIEPBUKATIBHBIX JUCTOHUI CYIIECTBYET 3HAYU-
TEJIbHOE KOMMYECTBO MOJIXO/I0B, COBEPIIEHCTBYIONMX METO/IBI MOMOIU TAKUM HAI[EHTaM. [IpUBEICHHbIN
0630p MO3BOMUI OO0OITUTH OMBIT UX MPUMEHEHHMA. TaK JK€ Mbl OTMETHIN CYIIECTBEHHBIM POCT BO3MOXKHO-
CTEH CTEPEOTAKCUYECKUX METOAMK, CIIOb3YEMBIX IIPU JICYUEHNH 1IEPBUKATBHON JUCTOHUU.

KiroueBsie c1oBa. LlepBUKIbHASA MBITICYHAS JUCTOHUS, (POKYCUPOBAHHBIN YIBTPA3BYK, [TYOMHHASA CTUMY-

JSIYS MO, PATUOYACTOTHAS AGMIAIINS, TAMMA-HOXK, GOTYIMHOTEPAIIHSL,

INTRODUCTION

Cervical dystonia (CD) - this is a
common neurological syndrome character-
ized by involuntary contractions of the neck
muscles, leading to violent, uncoordinated,
twisting and repetitive movements with an
unnatural pathological position of the head
and neck, which is up to 50 % of all cases of
focal dystonia (according to Mark S. LeDoux,
S. Fahn [1]). Its prevalence in the population
is up to 30-60 cases per 100,000 people
[2]. The true pathogenetic mechanisms of
the disease have not yet been clarified.
A number of authors attribute a role to
anomalies in the processes of inhibition,
sensomotor integration, neural plasticity,
and disorders in the functioning of calcium
channels [3].

Clinically, cervical dystonia is classi-
fied according to the EFNS-MDS recom-
mendations using the Western Toronto
Spasmodic Torticollis Scale (TWISTRS)

depending on the presence of exogenous
or hereditary-degenerative genesis into
acquired and idiopathic forms, respec-
tively (the latter are associated with muta-
tions in the loci of the DYT family of
genes) [4]. Among the motor signs, pos-
tural and action patterns stand out, in-
cluding dystonic positioning of the head
and neck (torticollis, laterocollis, antero-
collis, retrocollis, anterocaput, retrocaput,
laterocaput, torticaput), dystonic tremor
(usually action tremor that does not stop
at the “zero point”). Among non-motor
symptoms, anxiety-depressive disorders
(48-53 % of patients, more among
women), muscle pain syndrome (97.5 %
of patients) were statistically significantly
distinguished [5; 6]. Some authors also dis-
tinguish dyssomnia, cognitive and emo-
tional disorders, emphasizing their pri-
mary implementation in the pathogenesis
of dystonia [7]. Pathognomonic specific
corrective gestures and movements (in-
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cluding when imagining them) are a result
of the inclusion of a sensory component
in the pathogenesis [8; 9].

Treatment of dystonia initially con-
sisted of physiotherapy and drug therapy,
including central anticholinergic drug,
muscle relaxants, benzodiazepines and
levodopa. Oral medications are usually in-
effective and have significant side effects,
so today the gold standard of treatment is
injections of chemodenervating botulinum
toxins type A (BTA), classic examples of
which are abobotulinumtoxin, inco-
botulinumtoxin and onabotulinumtoxin.
The use of BTA medications showed a sig-
nificant decrease in TWISTRS scores on
average from —129 to -3.2 (at the 4th week
and at the end of the cycle, respectively)
with an injection frequency of 3—4 months
[10; 11]. Their use in the treatment of spas-
ticity, depression, headaches, and other
conditions has also been described [12; 13].
According to the Cochrane review (17 = 1144),
when using botulinum toxins, the proven
improvement in the baseline TWISTRS
level (43.5 on average) ranges from 184
to 56 % (by the 4th week and by the end
of use, respectively). It is summarized that
the frequency of unsatisfactory results
largely depends on the anatomical verifi-
cation of the muscles affected by the
dystonic pattern, the starting dose of the
drug, the level of compliance, and the
presence or absence of the titer of neu-
tralizing antibodies.

Among the modern possible ways to
improve the results of botulinum therapy,
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it is possible to note the use of a combined
synergy of two methods — EMG assistance
and ultrasound navigation (the so-called
“double control” method), since up to 37 %
of unsuccesstul treatment cases depend on
inaccurate verification of target muscles
[14]. The technique allows to significantly
reduce the frequency of trauma to the vas-
cular-nervous bundles and increase the
frequency of precise injections, which sig-
nificantly increases the effectiveness of
therapy [15; 16]. It has been established
that the combination of the two tech-
niques is more effective than each taken
separately [17]. Also, experience of botu-
linum therapy using F18-FDG PET/CT
navigation data (n = 78) with a positive
response in 50 % of patients, a reduction in
symptoms assessed using the TWISTRS
Scale by more than 30 % (by 15.0 points,
respectively) has been declared. The ad-
vantages of PET navigation have made it
possible to predict the response to therapy
by assessing the degree of hypermetabo-
lism in muscles and visualize the deep
muscles of the neck [18]. “Functional iso-
tope navigation” has opened up prospects
for performing targeted surgical interven-
tions for selective denervation with
myotomy in cases of dystonia refractory to
botulinum therapy [19]. In a double-blind
randomized trial (n = 122), the use of
Tc99m-sestamibi SPECT also allowed iden-
tification of affected muscles with a sensi-
tivity and specificity of 93.2 % and 88.5 %,
respectively. It was shown that in the long-
term period, visualization improved the
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effectiveness with an assessment on the
TWISTRS Scale to —4.86 (95 % CI from —9.40
to —0.32; R = 0.036) in patients, compared
with the group where botulinum therapy
was carried out in the classical way. The
first documented experience of CT-assis-
tance with improvement of long-term
treatment results was given by Russian au-
thors [20]. The problem of the absence of a
pronounced effect in 20 % of patients is
explained by W. Poewe et al. by the un-
equal effectiveness of different dosages
(using placebo as an example), confirming
the best results of high starting doses at the
beginning of therapy, however, it is worth
remembering the precedents of general
reactions [21; 22]. In addition, methods of
combining therapy with BTA drugs with
venlafaxine are proposed, which correct
pain syndrome and compliance to a
greater extent and show positive treatment
dynamics [23]. O.R. Orlova et al. noted that,
in addition to the local synaptotropic ef-
fect of botulinum toxin, the reduction of
non-motor symptoms, in particular pain
syndrome, is associated with additional
central afferent mechanisms mediated by
retrograde axonal transport, which deter-
mines the effect on the sensomotor patho-
genetic component at the segmental and
suprasegmental level, which is confirmed
by the data of Z.A. Zaljalova et al. [7; 24].
The use of venlafaxine appears to enhance
these effects to a certain level, but the case
of its induction of dystonic symptoms
should be kept in mind [25]. It is known
that from 39 to 83 % of patients during the

treatment cycle experience a decrease in
the effect of BTA and a return of symptoms
on average at 10.5 weeks (with a 12-week
cycle), which leads to a decrease in satis-
faction with the results, low compliance
and, as a consequence, refusal to continue
therapy [26]. Thus, over time, control over
the severity of the disease is lost, worsen-
ing its form. Works with a small number of
observations on the different duration of
the effect of different forms of BTA drugs
have been published, which is important
for choosing the time of the subsequent
injection [27]. Several studies have noted
that additional injections into the inferior
oblique muscle may increase the subjective
improvement in patients' quality of life
[28]. It should be taken into account that
non-motor symptoms such as chronic pain
syndrome and anxiety-depressive disorders
(aggravated by alcohol consumption), of-
ten accompanying CD, significantly affect
the subjective perception of the effective-
ness of botulinum therapy, for example,
pessimistically assessing its results [4; 29].
Despite the effectiveness of botulinum
therapy and significant experience in its
use, some patients do not achieve stable
control of the disease symptoms or develop
individual refractoriness [30]. In addition,
the treatment is not without significant
drawbacks. These include the need for peri-
odic injections (every 3-4 months), and
unequal effectiveness in various forms of
CD, such as anterocollis, retrocollis, and
shift. Up to 46.5 % of patients refuse therapy
due to the development of muscle weak-
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ness, dysphagia, dry mouth and headache
[31]. This leads to the consideration of neu-
rosurgical interventions in the maintenance
of patients with CD.

The first surgical operations, dating
back to the 19th century, usually included
posterior rhizotomy according to Foerster,
unilateral or bilateral transection of motor
or sensory roots, or decompression of the
accessory nerve [32]. They were used only to
a limited extent due to such known com-
plications as high mortality and, at the same
time, low efficiency. The experiments of
W. Hess and R. Hassler, who used functional
pallidotomy in the area of Forel's H1 field
and thalamotomy in the projection of the
ventrooral, ventrointermedial nuclei, and
the internal nucleus of the globus pallidus
(GPi), opened the era of stereotactic inter-
ventions in dystonia [33].

DEEP BRAIN STIMULATION (DBS)

This is deep brain stimulation — a cur-
rently widely used invasive implantation
procedure for high-frequency chronic stimu-
lation in focal, segmental, cervical and gene-
ralized dystonias. It involves the presence of
a subcutaneous stimulator installed on the
anterior chest wall, acting on the target of
interest through inhibitory stimulation, as
well as through action on Al-adenosine re-
ceptors, desynchronizing pathological im-
pulses of nuclei, while allowing for correc-
tion of the supplied frequencies and partial
control of the symptoms of the disease. Also,
through the neuromodulatory effect, a local
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change in metabolism occurs, which has a
therapeutic effect due to the influence on
neuroplasticity processes. The main target
for cervical dystonia is the pallidothalamic
tract (PTT), the ventrointermediate nucleus
(Vim) (in dystonic tremor) and ventrooral
nucleus (Vo).

Retrospective studies conducted in
2012 described the analysis of positive re-
sponses after the DBS-GPi procedure for
primary idiopathic segmental dystonia at 6
months, 3 and 5 years, respectively, in 83,
94 and 81 % of adult patients (n = 40) with
a reduction in symptoms according to the
Burke — Fahn - Marsden Dystonia Rating
Scale (BFMDRS or BFM) by 54.5, 49.4 % [34].
The mentioned analysis also included data
from a French multicenter study (Stimula-
tion du Pallidum Interne dans la Dystonie,
SPIDY) (n = 31). These included a corre-
sponding response rate after surgery of 67
and 60 % at comparable 3- and 5-year ex-
amination and a regression of dystonia
symptoms of 44.8 % in the first 6 months
and 67.0 % by the end of long-term exami-
nation. Using the same scales, other authors
obtained improvements in treatment re-
sults, assessed using quantitative scales by
09 and 79 %, respectively [35].

Studies comparing the outcomes of
patients who underwent DBS intervention
(n = 102) reported an improvement of at
least 20 % from baseline in the motor por-
tion of the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) [30].
Studies comparing the outcomes of pa-
tients who underwent DBS intervention



Perm Medical Journal

2024 volume XLI no. 3

(n=102) reported an improvement of at
least 20 % from baseline in the motor por-
tion of the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) [36]. In
combination with the indicators of pain
syndrome severity and the relative de-
crease in the severity of CD according to
other subscales and the comparative evi-
dence of effectiveness with DBS imitation,
the results allow us to present this study as
clinically successful. The complications
from bilateral implantation reported by the
authors include a smaller proportion of
affected patients from the total number
(36 %), but, among other things, are sup-
plemented by postoperative stroke and
hemiparesis. When comparatively analyz-
ing the results of 24 non-conforming stud-
ies (n = 532) with patients of comparable
age and duration of observation, it is pos-
sible to conclude that the intervention is
effective, since a decrease in the median on
the BFMDRS Scale by 58.6 % was noted af-
ter 6 months (with the greatest effect of
51.8 % in those operated on with primarily
generalized and focal cervical forms) and
05.2 % after 3 years, respectively (40 and
70 % are similar for the TWSTRS Scale)
[37]. The complications listed in the cited
works included both correctable (elec-
trode fracture, technical malfunctions) and
other complications in the form of bleed-
ing; however, it is necessary to take into
account the comparatively smaller propor-
tion of dysarthria and dysphagia when ex-
trapolating their frequencies to the spec-
trum of pallidotomy complications. As in

previous studies, the need for careful selec-
tion of patients was indicated, since there
is a strong relationship between young age,
onset and severity of the condition accord-
ing to the analyzed scales. Recent analytical
reviews on cervical dystonias highlight ar-
ticles comparing the use of GPi and effects
on the subthalamic (STN) nuclei. But if we
compare the effectiveness of the opera-
tions (while extrapolating metadata to
2020) with the reduction of symptoms ac-
cording to the Western Toronto Scale, then
based on the data obtained in 59 and 60 %,
we can conclude that they are equally ef-
fective. DBS has proven itself as a method
that provides the ability to modify adjust-
able parameters individually for each pa-
tient with subsequent regulation of clinical
symptoms over time. As a rule, the clinical
phenotypes of laterocollis and torticollis
are the most favorable in terms of response
to stimulation, while retcollis and shift
forms have a very controversial prognosis,
since the above-mentioned works contain
indications of complications occurring
with a fairly high frequency.

The main disadvantages of DBS are the
need for periodic replacement or recharging
of the electrostimulator batteries depending
on the value of the frequencies set, the need
to select a stimulation program, the inva-
siveness of the procedure, the high cost of
the necessary equipment and the installation
of foreign implants, which do not exclude
complications such as 04 % mortality. This
causes a mixed attitude towards the results
of this method among a number of authors.
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RADIOFREQUENCY ABLATION (RFA)

This is a medical procedure that is a
minimally invasive technique based on the
transmission of radiofrequency alternating
current using a needle probe into various
anatomical structures with subsequent ir-
reversible destruction. The essence of the
method is to create a lesion by means of
heat through an intracranial insulated elec-
trode (except for the tip). The electric field
between the two electrode contacts oscil-
lates and causes nearby ions in the electro-
lyte medium to move back and forth in
space with the same frequency. The tissues
are heated by friction generated by the
radiofrequency oscillations of the ions,
which results in tissue heating and induces
damage to the area of interest. The target
structures for RFA operations are the ven-
troral, ventrointermediate nucleus, palli-
dothalamic tract and GPi. The results of
treatment of patients with primary dysto-
nia using RFA after unilateral pallidotomy
and contralateral pallidothalamic tracto-
tomy are presented, where the presented
results in 6-month dynamics, assessed us-
ing the BFMDRS Scale, showed a reduction
in symptoms by 88.6 % [38]. The authors
summarized the decisive role of bilateral
ablation, with a few exceptions such as
laryngeal symptoms, citing the experience
of previous studies with achieved results of
reduction in BFMDRS scores after 6
months, 5 and 10 years by 70.5; 45.7 and
31.1 %, respectively. Cases of cervical
dystonia have been described, the symp-
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toms of which regressed along with pain
syndrome in up to 90 %, while the need for
other supportive therapy was completely
eliminated [39]. Recently, several relevant
CT-guided studies have been reported, one
of which was cited as a successful treat-
ment option with a symptom reduction
assessed by the BEMDRS of 77.4 % [40].
However, when analyzing data from a
few interventions, episodes of facial paresis
are reported due to local impact on adja-
cent targets. Common complications of
RFA include intracerebral hemorrhage,
damage to nearby structures directly dut-
ing the procedure, and a high risk of surgi-
cal infection. The RFA technique is an al-
ternative for the treatment of cervical
dystonia when DBS is contraindicated.

GAMMA KNIFE ABLATION (GKA)

[t is a radiosurgical procedure using
the isotope cobalt-60, which emits a
known number of gamma radiation
beams that converge on the target of in-
terest with high precision. The technique
uses ionizing radiation without the need
for invasive electrodes, thereby reducing
the risk of infectious complications. At
the isocenter, the beams create a high
total radiation dose, which is corrected
by collimators and sectors of different
sizes, ensuring high targeting accuracy
using the Elekta system. The mechanism
of ablation action consists of damaging
the DNA of the target cell and creating a
focus of radiation necrosis. This allowed
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the method to be successfully applied in
neuro-oncology. A relatively small num-
ber of cases of dystonia treatment using
this approach have been published.
However, a pooled review of the use of
GKA in 16 patients was reported, of
which only 30 % achieved significant im-
provement [41]. These results are not suf-
ficient to recommend gamma knife the-
rapy, but it may be an option in certain
patient groups, particularly those with
coagulopathies, cardiovascular disease,
and the elderly.

FOCUSED ULTRASOUND UNDER MAGNETIC
RESONANCE GUIDANCE (MRGFUS)

The greatest emphasis today is placed
on the use of focused ultrasound under
magnetic resonance guidance (MRgFUS) —
a technology for non-invasive ultrasound
surgical intervention without the use of ion-
izing radiation and foreign implants. It al-
lows the creation of a thermal ablation focus
with a precision of up to 1 mm by focusing
beams of high-intensity ultrasound energy
under MR guidance through bone tissue,
reaching deep-lying nuclei and structures,
creating a thermal ablation and cavitation
effect. This method involves a step-by-step
effect on the selected area with subtherapeu-
tic and therapeutic temperatures (45° and
55-60 °C, respectively, under the control of
MR thermometry), the result of which is a
formed zone of coagulation necrosis. An-
other feature of the method is the constant
monitoring of the patient’s symptoms, while

the patient remains conscious throughout
the entire operation.

Despite the small number of studies
devoted to high-intensity ultrasound, a ret-
rospective analysis of the treatment results
of 13 patients with cervical dystonia was
presented. The study reported a decrease
in TWSTRS scores from 22 before treat-
ment to 6 points after. In 4 patients, bilat-
eral Vo-thalamotomy with PTT-tomy was
used, while in the rest, depending on the
dominant symptoms, one target or a com-
bination was selected. Overall, 70.6 % im-
provement was achieved [42]). No serious
complications related to the surgery were
noted, except for one case of logorrhea
and micrographia that regressed after three
weeks. In 2017, a 6-month observance of
three cured patients with cervical dystonia
and dystonic tremor was reported [43]. The
use of ultrasonic thermocoagulation of the
Vim nucleus with Morel mapping resulted
in a decrease in scores on the BFMDRS
Scale from an average of 150 + 3.0 to
8.0 = 2.0 against the background of minor
paresthesia of the lip, which regressed be-
fore the end of the study.

In addition to such contraindications to
the operation as excessive thickness of the
skull bones due to aberration of the rays and
excessive heating of the tissues, there is a
significant attachment mainly to the deep
structures of the brain, since this reduces the
accuracy of focusing. Another disadvantage
worth mentioning is the small number of
authorized centers involved in MRgFUS, due
to the high cost of their initial establishment.

93



LITERATURE REVIEW

CONCLUSIONS

Dystonia remains a current problem
that requires various treatment methods.
The effectiveness of botulinum therapy
undoubtedly depends on the accuracy of
intramuscular injection, which has been
greatly improved by various navigation and
monitoring methods. Individual selection
of dosages and injection cycles with cor-
rection of pain syndrome and emotional
background of the patient allows to in-
crease the level of compliance and, possi-
bly, slow down the progression of cervical
dystonia. The presence of a course of this
form of dystonia that is refractory to
botulinum therapy forces us to resort to a
surgical array — from radiofrequency and
gamma knife ablation, deep brain stimula-
tion to the use of focused ultrasound.
Among modern interventions, DBS occu-
pies a strong position as the most studied
invasive method with additional effects
from the stimulation therapy produced
with comparable results in the reduction
of dystonic patterns. When comparing
non-invasive techniques, the best results
were achieved using MRgFUS, which was
confirmed in studies showing greater effi-
ciency and less positioning error than
when using RFA. Imagine the small number
of documented cases of treatment of cervi-
cal dystonia by the MRgFUS method, which
is rather associated with a short period of
clinical use due to the novelty of the tech-
nique. It is worth considering that, if there
are indications, the use of GKA and RFA,
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which can be effective in certain groups of
patients, is not excluded.
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[Ipo6nema O:XUPEHUS CTAHOBUTCS BCE GONEE AKTYAILHOMN B CBA3KM C €O BO3PACTAIOUIECH PACPOCTPaHEH-
HOCTBIO 1 HEOMArOMPUATHBIMU NOCTEACTBUSAMU JUIS 310POBbA ICTEH U B3POCIBIX. PACCMATPUBAIOTCS MHO-
roo6pasHble (PAKTOPBI, IPUBOAAIINE K NOBBILIEHHOMY IIOTPEOIEHUIO S3HEPIUU HA (DOHE CHIKEHUSA €€ pac-
XOJOBAHUSA B PA3HBIE NIEPUOAbI KU3HK, OT MOMEHTA 3a4aTus peO6EHKA 70 €ro Mepexojia BO B3POCIYIO
KU3Hb. OTIMCAHBI PA3MIMYHBIE CTIOCOOBI IPEAYIPEKAEHUA 3K30T€HHO-KOHCTUTYIIMOHAIBHOTO OKUPEHUSA Y
JeTel 1 NOAPOCTKOB. OXaPAKTEPU30BAHO BIUSHUE TEIC(POHOB/TEICBUICHUS /KOMIIBIOTEPOB Ha (DOPMUPO-
BAHHUE [UIIOAVHAMUN U HEPAIIMOHAILHOIO IUTAHMUS, CIEACTBUEM YETO MOXKET OBITh U3OBITOK MACCHI TEJIA U
oxupenue. [1oT9EPKHYTO 3HAYCHUE MOBEICHYECCKUX PEAKIIUN B TATOTEHE3E OKUPEHUS, KOTOPbIE HEOOXO-
JIIMO VYMUTBHIBATH NIPU Pa3pabOTKEe METOAOB MPOPUIAKTHKU. TakuM 06pa3oM, IpodIeMa OXUPEHUS, 6e3yc-

JIOBHO, TPEOYET JAIbHEHIIIETO YIYONEHHOIO U3YYEHHUSA 1 OOCYKICHIS.
Kirogessie ¢1oBa. OXUPEHUE, AETH, IOAPOCTKY, (PaKTOPbI PUCKA, IPO(HIAKTUKA.

INTRODUCTION

The negative impact of excess body
weight on human health is felt not so much
in childhood as in the patient's later life.
Obesity prevention helps to reduce severe,
difficult-to-treat diseases in the population
and increases the value of a person as a
member of society [1].

It is now well known that the likelihood
of developing obesity, in addition to genetic
factors, significantly depends on lifestyle,
diet, energy expenditure, and the duration of
use of modern devices (television, com-
puters, tablets, smartphones). Timely and
rational prevention of excess body weight
accumulation prevents the development of
obesity, preserving the health of the nation
and the country's financial resources [2; 3].

Up to 99 % of all types of obesity are
exogenous-constitutional or simple obesity.
Other forms of obesity — hypothalamic,
iatrogenic, syndromic — are much less com-
mon, and some types of monogenic obesity
account for only 10-20 clinical cases [4].

Childhood obesity can lead to both
short-term and long-term complications for
somatic and psychosocial health. Obesity
disrupts all types of metabolism, primarily fat

and carbohydrate metabolism, and, accord-
ingly, increases the risk of developing car-
diovascular diseases, diabetes, fatty hepatosis,
musculoskeletal pathology, mental disorders
and oncology; quality of life and its duration
decrease [5; 6].

EPIDEMIOLOGY OF OBESITY

In recent decades, overweight and obe-
sity have become a major problem in many
countries. According to the World Health
Organization (WHO), more than a billion
people on the planet are overweight and
about 300 million are obese.

30 million children and adolescents are
overweight, 15 million are obese [7].

Over 40 years (1975-2016), the number
of children suffering from obesity has in-
creased more than 8-fold (from 5 to 74 mil-
lion). Another 213 million children and ado-
lescents were overweight in 2016 [8], while,
according to Lobstein et al. (2016), at least
42 million children were overweight or
obese by the age of 5 [9; 10].

Similar trends are also evident in Russia.
According to LL Dedov et al,, in 2007, in the
regions of Russia, obesity was present in
5.5% of examined children in rural areas,
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8.5 % in urban areas, and another 5.5-11.8 %
of children were overweight. [11].

Curtently, obesity is diagnosed by the body
mass index (BMI) and the standard deviation
(8D) from the median, ie. from its average value.

In children, the standard deviation co-
efficient (SDS) of BMI from -2.0 to +1.0 is
accepted as the norm. With BMI DS +1.0 ...
+2.0, excess body weight is diagnosed, and
with BMI SDS over 2.0 — obesity.

RISK FACTORS

The main cause of childhood obesity is
considered to be a hereditary predisposition
and an imbalance between energy intake
and expenditure [12-14]. Modern conditions
of civilization and favorable socio-economic
factors relieve both adults and children from
labor-intensive household duties, which in-
evitably leads to a decrease in energy expen-
diture and, accordingly, to the accumulation
of fat mass. Gadgets (TV, computer, tele-
phone) make a certain contribution to the
decrease in sufficient physical activity. A clear
link has been established between time spent
in front of the TV and obesity [15].

During the period of intrauterine devel-
opment and in the first months of postnatal
life, metabolic processes are highly plastic
and have the ability to quickly respond to
changes in environmental conditions. Insuf-
ficient nutrition of a pregnant woman, im-
paired utero-placental circulation, anemia,
stress and other unfavorable factors during
the gestational period lead to a delay in
physical development, the birth of a low-
weight child, and the formation of an “eco-
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nomical” phenotype with a tendency to ac-
cumulate. In older age, this is short stature,
early puberty, obesity. In addition, nutrient
deficiency in the fetus and low birth weight
lead to a decrease in the number of B-cells in
the pancreas and their damage [16-20].

Excessive consumption of trans fats and
sweets by a woman leads to the birth of a
large child, who subsequently often develops
obesity and metabolic syndrome (MS), while
individual components of the metabolic
syndrome are detected in some children al-
ready at an early or preschool age [21].

Adipocytes are laid down mainly in the
last trimester of pregnancy and in the first
two years of life, so overfeeding during this
period leads not only to an increase in their
volume, but also to an increase in the num-
ber of fat cells [14].

OPERATIVE DELIVERY
(CAESAREAN SECTION)

Operative delivery increases the risk of
developing obesity in later life [22].

According to the study by Singh et al,
during operative delivery, the child is not in
contact with the mother's vaginal and intes-
tinal microflora. As a result, the intestines
are populated with microflora from the en-
vironment, the number of bifidobacteria
decreases, and dysbiosis develops. Subse-
quently, impaired colonization persists for
several months and even years [23]. Accord-
ing to the studies by Carl Vael et al, exces-
sive concentrations of B. fragilis in infants
are associated with the possibility of subse-
quent development of obesity [24].
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INFANCY

Excessive weight gain in infants can be
associated with feeding with any anxiety,
and in the case of artificial feeding — with
excessive protein content in the formula and
the child's inability to independently regulate
the amount of feeding, since parents strive to
fully consume the available formula [25].

The growth rate in infancy correlates
with the protein content in the diet. With its
excess consumption, the level of hormones
that have an adipogenic effect (insulin, IGF-1)
increases. Excessive growth in the first
months of life programs obesity and meta-
bolic syndrome (MS) in the future, and a de-
crease in protein intake reduces the likeli-
hood of developing MS in older age [25].

The likelihood of developing obesity
also increases with the early introduction of
supplemental feeding, as well as the ap-
pointment of juices and fruit purees in the
first six months of life. Sweet foods at this
age disrupt eating behavior, since children
subsequently refuse vegetable dishes [26; 27].

Tight swaddling, prolonged stay in fix-
ing devices, lack of therapeutic exercises and
conditions for crawling are risk factors for
the development of obesity in the future [28].

A decrease in the duration of sleep has
an adverse effect on metabolism and is one
of the factors that increases the likelihood
of developing obesity [28; 29].

EARLY AGE

Nutritional characteristics of children
over one year of age are largely determined

by family traditions and taste preferences. In
most cases, children receive more protein
than recommended by WHO, which may be
due to excessive consumption of milk used
to quench their thirst. After 12 months,
children often eat from the common table.
During this period, pediatricians less strictly
control the nature of nutrition. Parents are
pootly oriented in matters of rational nutri-
tion; they feed their children with confec-
tionery, fast food, chips, and other products
containing a lot of trans fats. Some mothers
give their children milk instead of water to
quench their thirst. While, children do not
receive enough vegetables and fruits [30].
Parents often turn on entertainment
content for their children on TV or phone in
order to do their own things, thus creating
another factor in childhood obesity [31-33).

PRESCHOOL AND JUNIOR SCHOOL AGE

Typical food preferences during this pe-
riod are pasta, chips, various baked goods,
combined with a negative attitude towards
fish and vegetables. Weight gain can be facili-
tated by the abuse of industrially produced
juices, which contain a large amount of sugar
and are high in calories [34].

The easiest way to please a child is to
offer him something tasty, so parents often
abuse candies, cakes and other sweets, thus
forming deviant (emotionogenic) eating
behavior. The formation of emotional eat-
ing behavior is also facilitated by the use of
food as a reward or consolation. The stimu-
lus for eating in the future is not hunger,
but a low mood [35].
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The demand of parents to eat all the
food on the plate, regardless of its volume
and the child's desire, leads to overeating and
can provoke external eating behavior — the
child gets used to eating all the food he sees.
As a result, increased sensitivity to external
signs that stimulate appetite develops: a
bright shop window, a beautifully set table,
spectacular advertising of food products, and
the person eats without being hungry [35].

Excessive use of devices and television
contributes to weight gain, since it not only
reduces physical activity and duration of
sleep, but is also often accompanied by food
intake, while the child does not monitor the
quality and quantity of food consumed,
since his attention is occupied with some-
thing else [31-33)].

ADOLESCENCE

Against the background of the pubertal
growth spurt, with the observance of the ba-
sic principles of a healthy lifestyle, it is possi-
ble to lose weight. Some teenagers become
motivated to lose weight. Against the back-
ground of a normal-calorie diet and increased
physical activity, obesity recedes. However, a
significant portion of teenagers who are
overweight continue to lead a sedentary life-
style, eat when fell stressed, and obesity pro-
gresses [30]. The consequence of prolonged
starvation with restrictive eating behavior (di-
ets) are episodes of overeating and the devel-
opment of “dietary depression” [37]. Studies of
the quality of life of adolescents suffering
from obesity have established a significant
decrease in it in comparison with healthy
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peers and even with patients suffering from
diabetes, especially on the scales of “social”
and “physical” function. Quality of life suffers
to a greater extent in girls [38; 39).

The literature has studied the influence
of various modern technologies on the for-
mation of obesity [40].

During adolescence, the time spent in
front of TV screens increases from 2.7 +0.17 h
at 11 years of age to 3.4 £ 0.25 h at 15 years of
age. At 11 years of age, 183 % of children
spend four hours or more daily in front of TV
screens, and by 15 years of age, this number
increases to 38.5 %. With age, the number of
schoolchildren eating in front of a screen in-
creases: 334 % at 11 years of age and 47.4 % at
15 years of age [15].

Often, the use of computers/ phones/
gadgets leads to a reduction in night sleep,
affects cognitive functions, mood, quality of
life and somatic health of the patient [41].

When using gadgets, there is often back-
ground content that advertises various food
products that are not always healthy [42].

Previously, when digital technologies
were not used so widely, schoolchildren's en-
tertainment included a wide range of active
games and various competitions, which is
currently significantly reduced due to unlim-
ited access to gadgets [15).

A teenager should do physical exercises
of varying degrees of difficulty at least an hour
daily [28].

The risk of developing excess body
weight in a child depends not only on the
long-term use of phones, television, tablets,
but also on the expansion of school programs
that leave a2 minimum amount of time for
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physical activity. As a result, children spend
significantly less energy than they receive [43].

TREATMENT

Obesity treatment requires a lot of time
and efforts, it costs many times more than
obesity prevention. In addition to a normal-
calorie diet and mandatory physical exer-
cise, children over 12 years of age may use
medications. In Russia, orlistat and liraglu-
tide are used to treat obesity [44-46].

PREVENTION

Prevention of obesity is significantly more
effective than subsequent treatment [47].

At the stage of pregnancy planning,
women who are overweight (in Russia, 1/4
of women over 20 years of age are over-
weight) should try to normalize their body
weight. It is necessary to review the nature
of nutrition and monitor weight [48].

The first thousand days of life from the
moment of conception is a "critical win-
dow" for subsequent human development.
During this period, metabolic processes are
highly plastic. Obesity can be prevented
through coordinated actions of specialists
who prepare a woman for childbirth, moni-
tor her during pregnancy, and carry out
dispensary observation of the child [49].

During pregnancy, special attention
should be paid to women with diabetes and
obesity. In some countries (Australia, Finland),
these women are visited by specially trained
mid-level health workers, who teach them the
rules of rational nutrition, monitor their
weight and eating behavior [50].

Timely diagnosis and treatment of gesta-
tional diabetes can reduce the risk of obesity
in a child. Of particular importance for pre-
venting insufficient fetal weight gain is the
prevention of pregnancy complications [50].

The child's eating habits are formed
during the period of intrauterine develop-
ment, so a woman should limit sweets, con-
fectionery, monitor the calorie content of
food, and limit the consumption of satu-
rated fats [51-50].

In order to prevent disruption of the
normal intestinal microbiota of the child, it
is advisable to perform a cesarean section
strictly according to indications [22—-24].

To avoid overfeeding, do not feed the
child at any anxiety and completely exclude
force-feeding. When signs of hunger relief
appear, the child may tightly squeeze his
mouth and even spit out food; in this situa-
tion, continuing feeding is inappropriate. At
the same time, persistence should be shown
when introducing new supplemental foods:
return to them again, give them in small
portions, combine with favorite foods, etc.
[26; 27].

Juices and fruit purees should not be
introduced into the diet in the first six
months of life, so that children do not re-
fuse vegetable dishes later [26; 27).

At an early age, instead of cow's milk, it is
possible to use special baby food with a re-
duced amount of fat and a complex of vita-
mins and microelements in the composition.

It is necessary to limit the consumption
of juices, especially industrially produced
ones, containing a large amount of sugar,
and give preference to fresh fruits.
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For a smooth transition of children to
the "common" table, you can use industrially
produced cereals with the addition of pieces
of fruit and flakes, which help develop chew-
ing skills, as well as meat with vegetable and
fish with vegetable purees [30].

You cannot limit the child's motor ac-
tivity. Clothes, including those of the baby,
should not restrict movement [28].

Tight swaddling is unacceptable. Par-
ents should do gymnastics with the child,
give him a massage, put the child in the
playpen, stimulate crawling.

The child should be involved in active
games, and conditions for active movement
should be created for him. Children success-
fully master bicycles without pedals already in
the 2nd year of life. Walking on rough terrain,
climbing, swimming, scootering, cycling, etc.
should become habitual for a child in the first
years of life. A horizontal bar, a skipping rope,
an expander and other “mini-stadium” items
are necessary in every family [28].

Uncontrolled use of modern electronic
devices (television, computers, smartpho-
nes) affects behavioral habits. It is necessary
to learn to live in harmony with new tech-
nologies, to form a behavior program in
such a way as to allow digitalization into
our lives and at the same time not to lose
our health [31-33].

Developing an effective obesity preven-
tion program is a global problem at the in-
ternational level. It is necessary to identify a
risk group of children with excess body
weight and develop a system of preventive
measures for them. The strategy for control-
ling excess body weight in children should
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include planned preventive measures with
patients of all ages [57].

A promising strategy for obesity preven-
tion should be multicomponent and begin at
the pre-pregnancy preparation stage. Compli-
ance with the rules of rational nutrition and
optimal physical activity at different periods
of life can prevent the development of obesity
even in cases of a burdened heredity [30).

CONCLUSIONS

Endocrinologists and pediatricians know
the risk factors for the development of obe-
sity, but there is currently no generally ac-
cepted system for its prevention. Identifying a
risk group and planned work with it could
significantly change the situation.

At the moment, there is a need to de-
velop a comprehensive program for prevent-
ing obesity at different periods of life. Prevent-
ing obesity requires the friendly work of the
family, school, health workers, the media and
government agencies.
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Objective. To determine the probabilities of predicting possible complications after surgery in patients with
the diagnosis of prostate cancer using artificial intelligence methods.

Materials and methods. Casc histories of 701 patients who underwent prostatectomy were analyzed in the
study. The anamnesis, findings of clinical, laboratory and instrumental study, as well as objective data of clini-
cal observations were evaluated. The average age was 64.72. On the basis of the set of examination results, pa-
tients were selected according to the following inclusion criteria: prostate cancer patients without confirmed
metastases with disease stage from TINOMO to TANOMO; absence of previous and concomitant special treat-
ment (immunotherapy or targeted therapy); informed consent to the surgery. Logistic regression, a binary
classifier using a sigmoidal activation function on linear combinations of features, was used as a machine
learning model.

Results. It was determined that the logistic regression model based on selected parameters (prostate vol-
ume, pain syndrome, disease duration), predicts the probability of complications quite well (TPR = 1). The
overall accuracy of the model is: Accuracy = 0.98. At the same time, it can be noticed from the agreement
matrix that the trained model plays it safe and classifies some cases without complications incorrectly in
5.3 % (FNR = 0.053). However, the model never made an error and did not classify cases with a high risk of
complications as those in which such a possibility was unlikely.

Conclusions. The results obtained show that on the basis of just three parameters (prostate volume,
pain syndrome, duration of the disease), it is possible to build a fairly good predictive model of the
probability of complications after prostatectomy based on such machine learning method as logistic re-
gression.

Keywords. Prostate cancer; prostatectomy; diagnostics; early detection of complications; prediction of com-
plications; logistic regression.

Iean. OnpegeneHre BO3MOXKXHOCTEN IPOTHO3UPOBAHUA BEPOATHOCTU BOZHUKHOBEHUA OCIOXKHEHUN TIOCIE
IIEPEHECEHHOTO ONEPATUBHOIO BMEIIATEIBCTBA Y MALMEHTOB, IIOCTYIMBIINX C JUATHO30M PAKOM IPEACTa-
TEJIbHOU KEJE3bl, € IOMOIIBIO METO/I0B UCKYCCTBEHHOI'O MHTEILIEKTA.

Marepuaabl 1 METOABL. B MCCIEN0BAHNN ObUIM IPOAHATU3UPOBAHE! JAHHBIE UCTOpUH 6one3nn 701 ma-
LIUEHTA, KOTOPBIM ObLIA BBINOJIHEHA IPOCTAT3KTOMUA. [IpOBEAEHA OLEHKA aHAMHE3A, JAHHBIX KIMHUKO-
J1A00PATOPHBIX ¥ MHCTPYMEHTANBHBIX METOAOB MCCIE/IOBAHUS, 4 TAKKE OOBEKTUBHBIX JAHHBIX KIMHUYE-
CKUX HabmoieHnH, CPEHMI BO3PACT MALUEHTOB COCTABUI 04,72 T. VICXOAs U3 KOMIUIEKCA PE3y/IbTaTOB
00C/I€en0BaHNA, ObUIM OTOOPAHBl MALMEHTDH, COOTBETCIBYIOUIUE CIEAYIOIMM KPUTEPUAM BKIIOUEHUS:
OOMBHBIE PAKOM IPECTATENBHOM JKee3bl 6€3 NOATBEPKACHHBIX METACTA30B CO CTA/IUEN 3200/1EBAHUA OT
TINOMO o T3ANOMO; oTCyTCTBHE MPEAMECTBYIOMETO U CONYTCTBYIOMIETO CENUANBHOTO JEUEHUS (UMMY-
HOTEPANUs WK TAPTETHASA TEPAINA); HATNYUE NHPOPMUPOBAHHOIO COINIACUA HA IIPOBOAUMOE OLEPATHB-
HOE BMEIIATENbCTBO. B KA4ECTBE MOAEIM MAIIMHHOIO OOYYEHMS IIPUMEHSIACH JIOTUCTUYECKAS PErpec-
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cns — OMHAPHBIN KIACCU(HUKATOP, UCTIONb3YIOMMIA CUTMOUAHYIO (DYHKIMIO AKTUBALMA HA IMHEHHBIE KOM-
OUHALMY IPU3HAKOB.

Pe3ynbTarhl. YCTAaHOBJICHO, YTO HA OTOOPAHHBIX MapaMeTpax (0ObeM MPOCTAThL, GOIEBOH CUHAPOM, JJIU-
TEJIbHOCTb 3200/IEBAHKA) MOJENIb JIOTUCTUYECKOH PETPECCUH JOCTATOYHO XOPOWIO MPEACKA3BIBAET BEPOAT-
HOCTb BO3HUKHOBEHUA ocioxkHeHUH (TPR = 1). O61mas TouHoCTh MOenu cocrasnger Accuracy = 0,98. [Ipu
3TOM U3 MATPULIbl COIVIACOBAHUSA BUIHO, YTO OOYUEHHAA MOJIE/IDb «TIEPECTPAXOBBIBACTCA> U KIACCUPULIUPYET
YaCTb CIy4aeB 6€3 OCTOKHEHNH HENPaBUIbHO — B 5,3 % (FNR = 0,053). OgHako MOjieNnb HU Ppasy He OmKO-
JIACb ¥ HE OTHECKA CIy4ay, B KOTOPBIX BBICOKA BEPOATHOCTb BOSHUKHOBEHUs OCJIOXHEHUH, K CIy4anM, IIe
TaKasg BO3MOKHOCTD MAJIOBEPOATHA.

BeiBoabl. [10/1y4eHHbIE PE3YILTATHL IOKA3BIBAIOT, YTO Hd OCHOBE BCETO TPEX NAPAMETPOB (00BEM IIPOCTATHL,
6ONEBOY CUHAPOM, JUINTENBHOCTD 3200/IEBAHKA) MOXKHO HOCTPOUTD JOCTATOYHO XOPOWIYIO MPEACKA3ATENb-
HYIO MOJE/b BEPOATHOCTH BO3HMKHOBEHHA OCIOKHEHMH TIOCTIE IPOCTATIKTOMUN HA OCHOBE TAKOIO METOAA
MAIIMHHOIO O0Y4YEHNH, KAK JIOTUCTYECKAS PEIPECCHAL

Kirogessie €10Ba. Pak IPEACTATENBLHON JKEE3bl, MPOCTATIKTOMHUS, IMATHOCTHUKA, PAHHEE BBIABICHUE OC-

JIO)KHﬁHI/H;I, [IPOrHO3UPOBAHUEC OCJIOKHEHUH, JIOTUCTAYECKAS perpeccust.

INTRODUCTION

The incidence of prostate cancer (PC)
has been rapidly increasing over the last
decade in Russia. PC is on the 4th place
(6.9 % of tumors of all localizations) after
lung cancer, gastric cancer and skin tumors
in the structure of malignant neoplasm
morbidity among males [1-4]. The number
of patients with localized forms of prostate
cancer has increased significantly after the
implementation of screening programs
using prostate specific antigen (PSA) test-
ing [5-7]). A recurrence of PC occurs
among 10-30 % of patients after surgical
interventions. PC is determined by an in-
crease in PSA level values in the early
stages [8-11]. Improvement of the
prostatectomy technique proceeds accord-
ingly to the evolution of the study of the
anatomy of this area, more accurate under-
standing of the peculiarities of the location
and structure of the fascial layers and func-
tionally important anatomical structures

[12; 13]. Due to the active development of
Al it is possible to create an aid system for
making medical decisions on predicting
the occurrence of complications of various
diseases, including PC. Currently, clinical
decision support systems for physician
based on retrospective analysis of outpa-
tient charts and clinical history are already
being developed and implemented; real-
time systems for ICU patients that allow to
warn the medical personnel about the on-
set of critical conditions; wearable systems
for monitoring and subsequent retrospec-
tive analysis of anamnesis data.

One of the ways of improving the out-
comes of post-prostatectomy PC treatment
is to identify and predict the postoperative
survival rate of patients and the rate of
complications at an early stage by using
gradient-boosting methods, which will un-
doubtedly be able to greatly simplify the
construction and strategy of treatment.

The aim of the study is to determine
the possibilities of predicting the probability

111



METHODS OF DIAGNOSTICS AND TECHNOLOGIES

of complications after surgical intervention
among patients diagnosed with PC using Al
methods.

MATERIALS AND METHODS

The study analyzed data from the
clinical histories of 701 patients who had a
prostatectomy. The anamnesis, data of the
clinical laboratory and instrumental meth-
ods of research, as well as objective data of
clinical observations were conducted. The
average age was 64,72 y. All included in the
study patients received a comprehensive
examination according to clinical guide-
lines for diagnosis and treatment of pros-
tate cancer patients. Morphologic exami-
nations of the obtained material (after sur-
gical treatment) was conducted according
to the standard technology. The slices col-
ored by hematoxylin and eosin were used
in the observational morphological analy-
sis to determine the histological type of the
tumor, the degree of differentiation, the
severity of secondary changes, and the
prevalence of the tumor process according
to the WHO classification. eosin were used
to determine the histological type of tu-
mor, the degree of differentiation, the in-
tensity of secondary changes and the
prevalence of the tumor process according
to the WHO classification. Patients were
selected according to a set of examination
results. They met the following inclusion
criteria: cancer patients without confirmed
metastases with the disease stage from
TINOMO to TANOMO; absence of previous
and concomitant special treatment (im-
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munotherapy or targeted therapy); in-
formed consent to undergoing surgical in-
tervention and participation in the study.
The exclusion criteria were: PC patients
with confirmed metastases, previous and
concomitant special treatment, and also
the presence of exacerbations of chronic
diseases. During clinical examination, PSA
levels were determined to range from 3.98
to 3049 ng/mlL; the Glisson number was
from 3 to 7, and the prostate tumor size
ranged from 33.04 to 143.88 cm’.

Logistic regression is a binary classifier
that uses a sigmoid activation function on
linear combinations of features. It was used
as a machine learning model. This machine
learning method is the simplest classifier
that still shows reasonably good results for
certain tasks. At the same time, it allows us
to find out the presence of linearly de-
pendent parameters of the dataset.

The following metrics were used here:

TP +TN

Accuracy =
Y TP +TN + FP + FN

An approval matrix in the form of:

TPR FNR
FPR TNR |
where
R __Fr
TP + FP TP + FP

TN +EN’

IN . ENR = FN
IN + FN

TPR is the share of patients who had a
complication and the model predicted the
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complication, out of all patients who had a
predicted complication; FPR is the share of
patients who did not have a complication,
but the model predicted a complication,
out of all patients who had a predicted
complication; FNR is the share of patients
who had complications but the model did
not predict a it, out of all patients who had
a predicted absence of complications; TNR
is the share of patients who did not have a
complication and the model predicted the
absence of a complication, out of all pa-
tients who had a predicted absence of a
complication; TP is the amount of patients
who had a complication and the model
predicted the complication; FP is the
amount of patients who did not have a
complication but the model predicted a
complication; FN is the amount of patients
who had complications but the model did
not predict a complication; TN is the
amount of patients who did not have a
complication and the model predicted the
absence of a complication.

Permission for conducting this study
was reflected by the Local Ethical Commit-
tee (LEC) of the V.I. Razumovsky Saratov
State Medical University (LEC protocol No. 2
of 16.09.2023). The study was conducted
in the presence of voluntary informed con-
sent of patients in accordance with the
declaration of compliance with interna-
tional as well as Russian ethical principles
and standards (excerpt from Minutes No. 19
of the Bioethics Committee of 26th Octo-
ber, 2018). The study was conducted in
accordance with the requirements of the
World Medical Association Declaration of
Helsinki (revised in 2013).

RESULTS AND DISCUSSION

In addition to TNM staged diagnoses
(at the time of hospitalization and after his-
tological confirmation), the collected data
set contained the following parameters
(I - range of values, m — average, s — stan-
dard deviation), shown in Table 1.

Table 1

Parameters of the studied dataset

Name of parameter

Value range Code

Age, years

1=50..80]
m=64.73
s=814

AGE

Duration of disease, months

[=[7..120]
m=2687 DD
5=19.08

PSA level before surgery, ng/mL

[=[398..3049]
m=17.21
s=774

PSABS

TNM Glisson score for surgery

I1=13.00..7.00]
m=490
s=142

GLISSONES
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End of Table 1

Name of parameter Value range Code
I=13.00..5.89]
Prostate ultrasound at the time of hospitalization, cm m=4.28 US1
§s=071
I1=[291.878]
Prostate ultrasound after surgery, cm m=423 US2
s=083
I1=1{2.89..9.70]
Prostate ultrasound at the time of discharge, cm m=4.25 US3
§=086
I=12590..180.20]
Prostate volume, cm’ m=87.84 PV
§=32.05
Was there residual urine Yes/No RU
Infected urine before surgery
(All patients had a value of “No”. Yes/No
The parameter was excluded from the study)
Comorbidity Yes/No COMORB
Coexisting diseases of the cardiovascular system Yes/No CCVD
Coexisting gastrointestinal diseases Yes/No GIT
Coexisting diseases of the respiratory system Yes/No RS
Surgical history Yes/No SH
Surgery type (patients underwent the following Posterior prostatectomy
surgeries depending on the stage of the tumor process: Laparoscopic SURT
posterior radical prostatectomy; laparoscopic posterior prostatectomy
radical prostatectomy; radical perineal prostatectomy) Perineal prostatectomy
I=13.00..10.00]
TNM Glisson score after surgery m=045 GLISSONAS
s=217
Diagnostic concordance according to the Glisson scale Yes/No GLISSONCON
Impurity of blood in urine after surgery Yes/No BLOODURINE
I1=17.00..41.00]
Duration of hospitalization after surgery, days m=19.09 HOSPIT
§s=834
Discharged with a catheter Yes/No CATHETER
Blood loss Yes/No BLOODL
Demand for blood transfusion Yes/No TRANSF
Interoperative complications Yes/No INTEROP
Postoperative complications Yes/No POSTOP
Complications which are not directly related to the Yes/No COMPLIC
surgery
Sluggish urine stream before surgery Yes/No SLUGSTREAM
Severe pain syndrome Yes/No PAINSYN
Nocturia Yes/No NOCT
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Perineal
prostatectomy

Laparoscopic
prostatectomy

Retropubic

prostatectomy 58.6 %

Fig. 1. Percentage of patients by surgery type
Presence of complications
400 379

350

300 276
250
200
150
100
50
0

No complication Complication

Fig. 2. Patients distribution by presence and absence
of complications: 0 — there were no complications,
1 — there were complications

Figure 1 shows the percentage of pa-
tients according to the type of surgery,
figure 2 shows the distribution of patients
according to age.

According to the data of Fig. 1, the in-
formation set is unbalanced by the type of
performed operation. The majority of pa-
tients (58.6 %) had a retropubic prostatec-
tomy. Laparoscopic prostatectomy was
conducted for 26.2 % of patients and per-
ineal prostatectomy for 15.1 %. At the same
time, the amount of patients with and
without complications was approximately
the same, as can be seen from Fig, 2.

For further study, parameters with
values that were either unique or the

same for all patients were removed. As a
result, the following parameters remained:
“AGE” (age of the patients), ‘DD’ (dura-
tion of disease (in months)), “TNM.T" (tu-
mor size according to TNM classification),
"TNM. N* (stages with lymph node in-
volvement according to TNM classifica-
tion), ‘PSABS (preoperative PSA level,
ng/mL’)”, “GLISSONFS” (TNM Glisson
score for surgery), “US1” (prostate ultra-
sound at the time of hospitalization, cm),
“US2” (prostate ultrasound after surgery,
cm), “US3” (prostate ultrasound at the
time of discharge, cm), “PV” (prostate
volume, c¢cm3), ‘RU’ (was there residual
urine), ‘CCVD’ (coexisting diseases of the
cardiovascular system), ‘GIT" (coexisting
gastrointestinal diseases), ‘RS’ (coexisting
diseases of the respiratory system), ‘SH’
(surgery history), ‘SURT" (surgery type (pa-
tients underwent the following surgeries
depending on the stage of the tumor process:
posterior radical prostatectomy; laparo-
scopic posterior radical prostatectomy;
radical perineal prostatectomy), “GLISSO-
NAS” (TNM Glisson score after surgery),
“gTNM. T” (histologic verification of tumor
according to TNM classification), ‘GLIS-
SONCON’  (diagnostic concordance ac-
cording to the Glisson scale), BLOODUR-
INE" (impurity of blood in urine after sur-
gery), “CATHETER” (discharged with a
catheter), ‘BLOODL’ (blood loss), TRANSF’
(demand for blood transfusion), ‘PAIN-
SYN’ (severe pain syndrome), ‘NOCT
(nocturia). Target variable for predicting
“POSTOP” (postoperative complications).
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Logistic regression was used to identify  the significance of the remaining linearly
parameters that were linearly dependent independent parameters are summarized in
from the others. The calculation results of  Table 2.

Table 2

Calculation results of the importance of the remaining independent parameters

Model Logit Method MLE
Dependent Variable: AS Pseudo R-squared: 0.853
Date: 2024-03-29 20:26 AIC: 1864373
No. Observations: 701 BIC: 291.1450
Df Model: 22 Log-Likelihood: -70.219
Df Residuals: 678 LL-Null: -478.59
Converged: 1.0000 LLR p-value: 1.6073e-158
No. Iterations: 11.0000 Scale: 1.0000
Coef. Std.Err. z P> [0.025 0975
AGE -0.0220 0.0270 -0.8158 04146 -0.0750 0.0309
DD -0.0204 0.0091 -2.2558 0.0241 -0.0382 -0.0027
TNM.T -0.0465 0.0236 -0.0745 0.9406 -1.2688 1.1759
TNMN 0.0198 19323 0.0102 0.9918 -3.7674 3.8069
PSABS 0.0146 0.0320 04565 0.6480 -0.0480 0.0772
GLISSONFS -0.1571 0.1754 -0.8955 0.3705 -0.5009 0.1867
US1 -0.0702 0.3461 -0.2028 0.8393 -0.7486 0.0082
US2 04671 0.2545 -1.8349 0.0665 -0.9659 0.0318
US3 -0.0195 0.2300 -0.0850 0.9323 -04704 04313
PV -0.0148 0.0073 -2.0188 0.0435 -0.0292 -0.0004
RU 0.0001 0.0329 0.0018 0.9985 0.0645 0.0646
CCVD -1.0520 1.1430 -0.9204 0.3574 -3.2923 1.1883
GIT -0.6683 0.5550 -1.2041 0.2286 -1.7560 04195
RS 1.1087 1.5938 0.6956 0.4806 -2.0150 42324
SH 1.0268 09198 1.1163 0.2643 -0.7760 2.8297
SURT 0.3699 04353 0.8499 0.3954 -04832 1.2231
GLISSONAS -0.0891 0.1207 -0.7381 04605 -0.3256 0.1475
gINM.T 1.1078 0.8687 1.2752 0.2022 -0.5948 2.8104
GLISSONCON -0.0751 0.5762 -0.1303 0.8963 -1.2044 1.0542
BLOODURINE 0.0498 1.4686 0.0339 09730 -2.8286 29281
CATHETER -0.9088 0.7519 -1.2087 0.2268 -2.3824 0.5649
BLOODL -0.0786 14563 -0.0539 09570 -29329 2.7758
PAINSYN 104449 1.5913 0.5636 0.0000 7.3259 135638
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Fig. 3. Approval matrix

As we can see from the data presented
in Table 2, the most important parameters
determining the likelihood of complications
are prostate volume (PV, p = 0.0435), pain
syndrome (PAINSYN, p = 0.0000), and dis-
ease duration (DD, p = 0.0241).

Then, logistic regression was trained on
these parameters to determine the probabil-
ity of complications.

The original data set was divided in the
proportion of 70 %/30 % for training and
metrics calculation such that the distribu-
tions of the target variable (AS) were statis-
tically indistinguishable in the training and
variation metrics.

The Accuracy metric was 0.98 as a re-
sult of testing the trained model on the
validation sample. The concordance matrix
is shown in Fig. 3. As it can be seen, the
share of patients who had complications
and among patients to whom the model
predicted complications was TPR = 1. The

model never made an error and did not
categorize patients with complications to
patients without complications (FPR = 0).
In this case, the model “reinsured” and it
predicted the occurrence of complications
for 5.3 % of patients, although they did not
get a complication (FNR = 0.053 and
TNR = 0.95).

It is necessary to mention that the cer-
tificate of state registration of computer
programs “System of prediction of compli-
cations prediction during prostatectomy for
prostate cancer” (No. 2024613673)1 has
also been obtained to date.

CONCLUSIONS

As can be seen from the obtained met-
rics, the logistic regression model predicts
the probability of complications reasonably
well (TPR = 1) on the selected parameters
(prostate volume (PV), pain syndrome
(PAINSYN), duration of disease (DD)). The
overall accuracy of the model is 0.98. How-
ever, as can be seen from the concordance
matrix, the model “reinsures” and classifies
a part of cases without complications incor-
rectly. Thus, 5.3 % (FNR = 0.053) were mis-
classified as cases with a high likelihood of
complications. At the same time, the model
never made an error in categorizing cases in
which there was a high probability of com-
plications to cases where such a possibility
was low.

Thus, the obtained results show that
on the basis of only three parameters
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(prostate volume (PV), pain syndrome
(PAINSYN), duration of disease (DD)), it is
possible to build a reasonably good predic-
tive model of the probability of complica-
tions after prostatectomy based on such a
machine learning method as logistic re-
gression. If the model metrics need to be
improved, further the patient sample can
be increased and the model can be trained
using more sophisticated machine learning
and Al methods.
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Objective. To develop the model for early prediction of clinically significant bronchopulmonary dysplasia in
extremely premature infants.
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Materials and methods. 226 premature infants with gestational age less than 31 weeks, birth weight from
490 t0 999 g, age from 0 to 7 days, and respiratory failure requiring ventilatory support (ventilator support)
were included into a retrospective study conducted in the Perm Regional Perinatal Center. Machine learning
algorithms such as logistic regression, support vector machine, random forest method, and gradient boosting
method were used for the prognostic model building. Five variables were used: birth weight, Apgar score in
the 5" minute of life, Silverman score, number of days of invasive ventilatory support, median oxygen fraction
in the inhaled air measured daily during the first seven days of life.

Results. In the 36" week of postconceptional age 148 out of 182 infants (81.3 %) in the study cohort devel-
oped bronchopulmonary dysplasia (BPD), among them 154 % had a mild form, 29.7 % a moderate one, and
in 363 % of patient it was severe. Among the four studied prediction algorithms, logistic regression model was
chosen as the final model with metrics: AUC = 0.840, accuracy 0.818, sensitivity 0.972, specificity 0.666. The
practical application of the modeling results was implemented in the form of a probability calculator.
Conclusions. In the early neonatal period of extremely premature infants, a combination of clinical predic-
tors such as birth weight, Apgar score in the 5" minute of life, Silverman score, number of days of invasive
ventilatory support, median oxygen fraction in the inhaled air measured during the first seven days of life can
be used to predict the development of bronchopulmonary dysplasia. The logistic regression model shows
high sensitivity that minimizes the probability of an error of second kind. Thus, its application is useful in the
early prediction of bronchopulmonary dysplasia in premature infants.

Keywords. Bronchopulmonary dysplasia, prematurity, prediction, machine learning.

Ileas. PazpaboTKa aropyuT™Ma PAaHHETO NPOTHO3UPOBAHUSA Pa3BUTHS KIMHUYECKH 3HAUMMOI OPOHXOETOY-
HO JJACIVIA3UH Y IIyOOKO HEZJOHOMEHHBIX JAETEH.

MarepHajabl H METOJBI. B PETPOCIEKTUBHOE UCCIEN0BAHNE, TIPOBEACHHOE B [IEPMCKOM KPAEBOM NIEPUHA-
TATBHOM IIEHTPE, GbUIM BKIIOUEHBI 226 Ty6OKO HEJOHOIIEHHBIX JIETEH, CO CPOKOM TeCTAluK MeHee 31 He-
Jen, BeCoM npu poxaeHuu ot 490 1o 999 r., B Bogpacre ot 0 10 7 AHEH, ¢ HAUIMYUEM JIBIXATENBHON HEOC-
TATOYHOCTH, NOTPEOOBABIIEH ANNAPATHON NOAACPAKN. 11 TOCTPOEHUA IPOTHOCTUIECKON MOZE/IN UCTIONb-
30BAIUCH AITOPUTMBI MAIMHHOTO OOYYEHHSL: TOTUCTUYECKAS PETPECCHS, METOJ] OTIOPHBIX BEKTOPOB, METOJ
CITy4afiHOTO JIECA, METOJ, TPUEHTHOrO OyCTUHIA. MCIIONb30BAIY AT IEPEMEHHBIX XAPAKTEPUCTHK: MACCa
TeJa TIPU POAKICHUH, OLIEHKA TI0 IKaIE ANrap Ha 5-1 MUH XU3HH, OIEHKA 110 IKane CHIbBEPMAHa, KONMuJe-
CTBO jHeN nHBasusHON MBJI, MeAraHHOE 3HAYEHUE JOIU KUCIOPOJA BO BABIXAEMOM BO3AYXE, U3MEPAEMOE
€XE/THEBHO B IIEPBBIE CEMb JHEH XKU3HHU.

Pe3ympraTsl. Ha 36-if Hejie/ie MOCTKOHIIEITYATbHOTO BO3pacTa y 148 13 182 HOBOPOK/ICHHBIX HCCIIEYEMOL
KOropthl (81,3 %) passunach Oponxoneroynas aucmasusd (bJI): y 154 % ona 6bU1a OTHECEHA K JIETKOH, Y
29,7 % — K CpepHeit TSKeCTH, U Y 30,3 % — K TDKEOH. 13 4eThIpex M3YYEHHbIX AITOPUTMOB IPOTHO3UPOBA-
HUS B KAYECTBE NTOTOBOM BHIOPAHA MOJIENb JIOTUCTHYECKOH perpeccu ¢ MeTpukamu: AUC = 0,840, TOYHOCTD
0,818, uyBcTBuTETBHOCTE 0,972, criermbudHocTs 0,066. [IPUKIAIHOE TPUMEHEHNE PE3YIBTATOB MOAICTUPO-
BAHUA OCYIIECTBICHO B BU/IE KAUIBKYIATOPA BEPOATHOCTH.

BeIBOIBI. B paHHEM HEOHATATBHOM NEPUOJE TTYOOKO HEJIOHOMEHHBIX ICTEH /1 NPOTHO3UPOBAHUS PA3BU-
Tust BJIJ] MOXHO MCHOMB30BATh COUCTAHUE KIMHUYECKUX TPEAUKTOPOB, TAKUX KAK MACCA Tea IpU Poxke-
HUY, OIICHKA M0 MKane Anrap Ha 5-1 MUH, OLEHKA 1O IKane CHIbBEPMaH, KOJINYECTBO THEN MHBA3UBHON
MBJI, MeiMaHHOE 3HAYEHUE IO KUCIOPO/IA BO BIBIXAEMOM BO3IYXE U3MEPAEMOC B IIEPBBIC CEMb JTHEH KU3-
HU. MOJENDb JIOTUCTUYECKOH PEIPECCUY IIOKA3BIBAET BBICOKME 3HAUECHMUA YYBCTBUTENLHOCTH, KOTOPBIE II03BO-
JSIIOT MUHUMU3UPOBATD BEPOATHOCT OMMOKUA BTOPOTO POJIA, YTO JEMAET €€ NPUMEHEHHE MOJIE3HBIM B 34/1d-
Yax PaHHETO IPOTHO3UPOBaHUA pa3suThs BJII y ITy6OKO HEIOHOMEHHBIX JIETEI.

KirroueBnie ¢10Ba. BpOHXONErOuHas IUCIUIA3KA, HEJOHOMEHHBIE, IPOTHO3UMPOBAHKE, MAIIMHHOE OOYYEHYE.

INTRODUCTION preterm labor as it has long-term conse-

quences [1]. Due to the advances in modern

Bronchopulmonary dysplasia (BPD) is  neonatal care, the survival rate of profoundly

one of the most crucial complications of  premature infants has improved significantly,
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which is contributing to the increasing inci-
dence of BPD worldwide [2]. The optimiza-
tion of strategies for the prevention and
treatment of BPD is based on scientific pre-
diction of the probability of its development,
the main goal of which is to ensure a per-
sonalized approach to each child.

Many BPD prediction models have
been developed in recent years. For exam-
ple, T. C. Kwok (2023) included 64 studies
with 53 prediction models in his review [3],
H. B. Peng (2022) described 21 prediction
models from 13 studies [4], M. Romijn
(2023) examined 65 studies, including 158
development models and 108 externally
validated models, however, the problem is
that the existing models are of varying qual-
ity and they may produce contradictory re-
sults, and this leads to difficulties about the
kind of model to use or to recommend [5].
Mathematical approaches in medical pre-
diction include the use of statistical meth-
ods and machine learning, Statistical meth-
ods can be used to analyze disease data, pa-
tient data, and epidemiological trends to
identify patterns and factors that affect
health. Machine learning allows to create
models based on large amounts of data,
which helps in predicting diagnoses, treat-
ment results and possible complications
[6; 7). Various algorithms have been effecti-
vely applied to process data generated in
neonatology over the past decade, for ex-
ample, for the prediction of the hemody-
namic significance of a functioning ductus
arteriosus among preterm neonates [8; 9].
The model based on machine learning of
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support vectors was proposed in Denmark
in 2021 to predict the occurrence of BPD
by combining postpartum clinical charac-
teristics and the amount of nitrogen in ex-
haled gas, the accuracy of the model was
about 90 % [10]. In another study was cre-
ated a machine learning model to predict
serious BPD using clinical data and genom-
ics, the AUC of the model was 0.872 [11].
The results of BPD prediction based on
deep machine learning technologies, par-
ticularly with the help of neural networks,
have been published now [12; 13]. Tradi-
tionally, all researchers identify risk factors
for BPD's development by classifying pre-
term infants for the presence or absence of
BPD at 28 days postnatal period or 36 weeks
postconceptional age (PCA). Then research-
ers examine all factors that influenced risk
up to the time of diagnosis. Most BPD's pre-
diction models use clinical indicators, in-
cluding prenatal, perinatal, and postnatal
factors. Although there were a lot of attempts
to examine the correlation between bio-
markers and BPD in the majority of studies,
only few biomarkers have been included in
prediction models (14). Today the main
known risk factors for BPD's development
listed in studies are low birth weight, gesta-
tional age, male sex, open ductus arteriosus,
sepsis, and artificial pulmonary ventilation.
Nevertheless, considering the fact that the
development of BPD is determined by the
influence of a large number of factors, the
interrelationship of which is still controver-
sial, the optimal set of factors predicting the
development of BPD is still unknown.
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The aim of the study is to develop an
algorithm for early prediction of the devel-
opment of clinically significant bronchopul-
monary dysplasia among profoundly prema-
ture infants. It is hypothesized that there is an
optimal combination of predictive features
(predictors) that will result in the highest
probability of BPD's development.

MATERIALS AND METHODS

A retrospective study, conducted at the
Perm Regional Perinatal Center, included
226 profoundly premature infants that were
born between October 2015 and April 2020.
Conditions of inclusion in the observation
groups were: gestational age less than
31 weeks, birth weight from 490g to 999g,
age from 0 to 7 days, respiratory insuffi-
ciency requiring artificial pulmonary ventila-
tion (ALV), main diagnosis according to
ICD-10: P 27.1 — bronchopulmonary dyspla-
sia that occurred in the perinatal period. Ex-
clusion criteria: serious congenital malforma-
tions such as chromosomal abnormalities,
congenital lung disease, congenital heart de-
fects (except open ductus arteriosus (OAD)
and atrial septal defect) and malformations
of the central nervous system, as well as in-
complete clinical data. The information was
obtained by retrospective examination of
medical records of reporting forms No. 112/y.
In our study, we defined BPD according to
the wording of R.D. Higgins (2018) stated in
the clinical recommendations: bronchopul-
monary dysplasia is a chronic diffuse paren-
chymatous (interstitial) lung disease that oc-

curs among premature infants as an out-
come of respiratory distress syndrome
and/or pulmonary hypoplasia, diagnosed on
the basis of oxygen dependence at 28 days of
life and/or 36 weeks postconceptional age
[15]. 60 potential prognostic features were
identified based on literature review and our
own hypotheses, and 37 of them were ex-
cluded as uninformative in subsequent
analysis. As a result, 5 variable characteristics
(predictors) of the early neonatal period
were used to develop a prediction model:
birth weight, the 5-minute Apgar score,
Silverman score, the amount of days of inva-
sive ALV, and the median value of the frac-
tion of oxygen in the respired oxygen (FiO,)
recorded daily during the first seven days of
life. Invasive ALV was defined as any type of
assisted ventilation requiring intubation and
artificial ventilation from a CPAP machine.
The indication for ALV was frequent apneas,
increasing symptoms of RI in the form of
participation of auxiliary muscles in the
breathing process, persistent respiratory acido-
sis in blood gasses, increasing PaCO, > 50 mm
Hg at FiO, 60 % in the supplied mixture.
Laboratory methods of research included
general clinical blood analysis (Sysmex XN
9000 analyzer), biochemical blood analysis
(Sapphire 400 analyzer). Echocardiographic
study (echocardiography) was conducted
among all infants on the 1st, 3rd, 7th, and
28th days of life with Vivid&GE (USA),
128-RS and 8S-RS transducers. Neurosono-
graphic study (NSG) was conducted on the
1st and 3rd day of life using a Vivid&General
Electric ultrasound multifunctional scanner
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(USA) with color coded Doppler flow map-
ping. Standard ECG recordings were con-
ducted among all infants using an electro-
cardiograph “Alton EKZT-12-03 (2007)” on
the second day of life. Chest organ radiogra-
phy (OGC) was conducted on the 1st, 3rd,
28th days and at 36 weeks of PCA (TMS 300
RDR mobile X-ray unit). Round-the-clock
monitoring of vital functions was conducted
among all infants and included monitoring
of heart rate, saturation and blood pressure.
The results were subjected to statistical
processing by using parametric and non-
parametric analysis methods. Quantitative
indices, which distribution differed from
normal, were described using median (Me)
values with quartiles (Q, — Q) corresponding
to the 25-75 % interval. Nominal data were
described by stating the absolute value and
percentage. Arithmetic mean (M), standard
deviation ($D) and 95 % confidence interval
(95 % CI) limits were calculated for quantita-
tive indices having normal distribution. The
Student's t-criterion (for normal distribution)
and the Mann — Whitney (U) criteria for non-
normal distribution were calculated for com-
parative analysis of mean values. Nominal
data were compared using Pearson's [I° test.
Differences were considered statistically sig-
nificant if the level of significance was detet-
mined to be p < 0.05. The connection be-
tween the phenomena, which were repre-
sented by quantitative data, was evaluated
using Spearman's rank correlation coefficient.
The following algorithms were used to de-
velop the model: logistic regression, support
vector machines (SVM), Random Forest Clas-
sifier and Gradient Boosting Classifier. Con-
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tinuous variables were standardized such that
their values ranged from O to 1. Non-binary
categorical variables were converted to binary
variables via One Hot Encoder. Models were
developed using the training dataset and
evaluated using 5-fold cross-validation. The
test dataset was used for internal validation.
The area under the ROC curve (AUC) of each
model was calculated to evaluate the charac-
teristics of the models. The evaluation of the
following metrics were used: Accuracy, Preci-
sion, Recall, and F1 Score.

Data accumulation, adjustment, summa-
rization and visualization were accomplished
in standard Microsoft Office Excel 2016
spreadsheets. Jamovi, SPSS 26.0 software was
used for statistical analysis.All experiments
were conducted in Python 3.9.5 using the
following libraries: scikit-learn 0.24.1, mat-
plotlib, scipy. All procedures in this research
involving human people were conducted in
accordance with the Declaration of Helsinki
(revised in 2013). The study was approved
by the local ethical committee of the Federal
State Budgetary Educational Institution of
Higher Education "Perm State Medical Uni-
versity named after Academician EA. Wag-
net" of the Ministry of Health of the Russian
Federation (Perm, Russia). Written informed
consent was obtained from the patients' par-
ents or legal guardians.

RESULTS AND DISCUSSION

A total of 226 infants, born before 30
weeks gestation, were enrolled in the study.
Retrospectively, 44 infants were excluded
from the study due to death before the 28th
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day of life, 21 dropped out of the study be-
cause of other reasons. Thus, there were a
total of 182 children included in the final
analysis, including 94/182 (51.6 %) gitls and
88/182 (484 %) boys. The median birth
weight was 880.0 g with an interquartile
range (Q, — Q,) from 770 to 960.0 g, the av-
erage gestational age was 26.7 + 1.74 weeks,
and the average mother's age was 27.2 + 6.5.
148 out of 182 infants (81.3 %) diagnosed
with BPD at the 36th week of postconcep-
tional age, 28/182 (154 %) of them were
categorized as mild, 54/182 (29.7%) as
moderately severe, and 66/182 (30.3 %) as
serious. Considering the insignificant clinical
manifestations of mild BPD, it was decided
to divide the data into two groups: moder-
ate/serious BPD (main group, 120 patients)
and absence/mild BPD (comparison group,
62 children). There were significant differ-
ences between the groups, such as median
weight in the main group was 806
(720-900) g, in the comparison group it was
949 (893-990) g, p < 0.001, the average ges-
tational age in the main group was
26.1 £ 1.5, in the comparison group it was
28 = 1.5 — (p < 0.001). The length of stay in
the intensive care unit was prolonged among
infants with BPD (in average of 52.2 days vs.
21.7 days without BPD (p < 0.001)). Apgar
score was lower among patients with later
BPD's progression (main group): 6.13 £ 0.91
vs. 706 = 0.86, p < 0.001. The Silverman
scale score (respiratory disease severity
score) in the main group was 5.98 % 0.80 vs.
5.11 = 0.88 points, p < 0.001. The average
amount of days on ALV was significantly

higher in the main group (5.18 + 2.54 vs.
144 £+ 251, p <0.001). The median value of
respired oxygen fraction FiO2 in the first
7 days of life was significantly higher in the
main group: 2870 (25.5-33.0) vs. 2350
(22.00-27.00), p < 0.001 (Table 1).

Four machine learning algorithms were
used to develop a BPD prediction model.
The task type is binary classification, the tar-
get variable is the probability of BPD pro-
gression, it takes one of two possible
values— 0 or 1, the independent variables
are a set of five studied features. Data prepa-
ration was conducted, outliers (four values)
were removed, and the final dataset size for
the simulation was 178 observations. The
dataset was randomly divided into two sub-
sets: the training dataset, which consisted of
75 % of the cohort (133 children), and the
test dataset, which consisted of the remain-
ing 25 % (45 children). The following vari-
ables were used as predictors: birth weight,
the 5-minute Apgar score, Silverman score,
number of days of invasive ALV and median
FiO, value. In our work, in the context of the
task of predicting the probability of develop-
ing BPD among preterm infants, we chose
the Recall metric as the leading one, because
it is important to minimize false negative
results. When the model incorrectly predicts
the absence of BPD of the infant, as the
wrong treatment tactics may be chosen. We
reduce the number of such errors by choos-
ing the model with the maximum Recall
value. The logistic regression model showed
the highest Recall value among the four used
algorithms (Table 2).
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Table 1
Clinical characteristics of profoundly premature infants
. Main group, Comparison group, i
Patients =120 n=62 p-value
Birth weight, g 8006 (720-900) 949 (893-990) 0.001
Birth gestational age, weeks 2615 28+15 0.001
Apgar score, score 6.13+091 7.06 + 0.86 0.001
Silverman scale score, score 5.98 = 0.80 5.11+0.88 0.001
Days on ALV 518+ 254 144 +251 0.001
FiO,, median share, % 2870 (255-330) | 2350 (22.00-27.00) 0.001
Table 2
Classification characteristics (metrics) of the final models
Ne | Model Accuracy Precision Recall F1 Score AUC
1 | Logistic Regression 0.818 0.795 0972 0.875 0.840
2 | Random Forest 0.763 0.780 0.888 0.831 0.830
3 | Gradient Boosting 0.740 0.823 0.777 0.799 0.800
4 | SVC 0.720 0.733 0916 0.814 0.800

A logistic regression equation was de-
veloped on the basis of the obtained results
with the coefficients intercept = 1.18, vari-
able “Birth weight” = -0.68, variable
“Silverman score” = 0.67, variable “Apgar
score” = -0.62, variable “Number of days on
ALV” = (.37, variable “FiO, fraction” = (.78.
The final equation is provided to the user in
a convenient format in the form of a calcu-
lator (Web interface). Our final logistic re-
gression model has the following classifica-
tion characteristics (metrics): Recall 0.972;
AUC 0.840; Accuracy 0.818, which allow its
application in clinical practice (Figure).

The advantage of this study is that the
proposed algorithm is conducted on the
seventh day of the infant's life, providing
clinicians the opportunity of early progno-
sis. In addition, the used predictors are un-
complicated and available in clinical prac-
tice. A limitation of our study is the rela-
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tively small number of participants. It can
lead to potential bias. Therefore, further lar-
ger studies are needed to confirm the find-
ings and determine their clinical utility.

ROC Curve - Logistic Regression with Threshold 0.3
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Fig. ROC-curve graph for the logistic regression model
CONCLUSIONS

A combination of clinical predictors
such as: birth weight, the 5-minute Apgar
score, Silverman score, number of days of
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invasive ALV, median respired oxygen frac-
tion measured in the first seven days of life
can be used to predict the development of
BPD in the early neonatal period of pro-
foundly premature infants. The logistic re-
gression model shows high sensitivity values
that allow minimizing the probability of the
second type of error, which makes its appli-
cation useful in the tasks of predicting the
BPD progression among premature infants
with ELBW in the early neonatal period.
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Objective. To analyze the mortality from endocrine pathology of the population in the Republic of Sakha
(Yakutia).

Materials and methods. A retrospective analysis of the mortality rates from endocrine diseases and diabe-
tes mellitus of the population of the Republic of Sakha (Yakutia) from 2018-2022 was carried out. The analy-
sis was based on the data of YARMIAC and the republican register of diabetes mellitus.

Results. An increase in the death rate from endocrine pathology, from diabetes mellitus was noted during
the analyzed period. In the structure of mortality from endocrine pathology, deaths from diabetes mellitus
were 96 %. The structure of causes of death in patients with diabetes mellitus includes renal failure, CHF, acute
myocardial infarction, PE and pneumonia.

Conclusions. The results obtained during the study will allow us to justify the need for improving the endo-
crinological service in the Republic of Sakha (Yakutia) scientifically and will form the basis for the regional
program “Combating diabetes mellitus”.

Keywords. Morbidity, mortality, endocrine pathology, diabetes mellitus, Yakutia.

Ileab. AHAIM3 CMEPTHOCTY HACENIEHUA OT SHOKPUHHOI aTonoruu B Pecrrybmuxe Caxa (Axyrus).
MaTtepuansl 1 MeTOABI. [IpOBEEH PETPOCIEKTUBHBIN aHAIN3 II0KA34TENEN CMEPTHOCTU HACENEHNUA OT 3H-
JIOKPUHHBIX 3200JI€BAHUN U OT CaxapHOro aAuabera B Pecriyomuke Caxa (Axyrus) 3a 2018-2022 1. 1o jaH-
HbiM APMUALL 1 Pecniy6IMKaHCKOTO PETUCTPa CaXapHOTO AUA0ETA.

Pe3ynbTarsl. 32 AHAIM3UPYEMBIH IEPHOJ, OTMEYAETCS MOBBIIIEHHE MOKA3ATENA CMEPTHOCTU HACEJNEHHUA OT
SHIOKPYHHOM MATOJIOTUU. B CTPyKType CMEPTHOCTH OT JHAOKPUHHON MATONOTHY — CMEPTHOCTD OT Caxap-
HOTO JabeTa cocTasyseT 96 %. B CTpyKType PHYMH CMEPTH MAIIUEHTOB C CAXAPHBIM TMA0ETOM — [I0YEYHAS
HEJ0CTaTOYHOCTD, XCH, ocTpblit uH(papKT MuoKapaa, TOJIA 1 THEBMOHHSL.

BeiBozpl. [10IydeHHBIE PE3YIbTATHL NMO3BOLAT HAYYHO OOOCHOBATH HEOOXOAUMOCTb COBEPIIEHCTBOBAHMA
SH/IOKPMHOJIOTMYECKON CIyx0b! B Pecryonuke Caxa (SIKyTus) U JIATYT B OCHOBY PETMIOHAILHON IIPOrPaMMBbl
«bopb6a € CaXapHBIM UAOETOM>.

Kirogesrnie ¢10Ba. 3260/1€Ba€MOCTD, CMEPTHOCTD, SHAOKPUHHAS NATONOTUSA, CAXAPHBI AUA0ET, SAKyTHS.

INTRODUCTION

The spread of diabetes mellitus is be-
coming more important from year to year
in the world in general and particularly in
the Russian Federation. This disease is a
global medicosocial threat to the person
and society as a whole [1; 2]. The Russian
Federation has accepted the series of strate-
gic documents for improvement of endo-
crinological service and medical care or-
ganization for this group of patients. It is
necessary to point out that there are not
many works devoted to the analysis of mor-
tality of patients suffering from diabetes
mellitus, especially in the regions of the
Russian Federation. The study of epidemiol-
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ogical characteristics of diabetes mellitus
will allow to develop effective organiza-
tional mechanisms for reducing morbidity,
disability, and mortality [3-5].

According to the data of federal and
regional registers of diabetes mellitus mor-
bidity in recent years and in the postpan-
demic period, there is a clear increase of 1
and 2 diabetes mellitus type among the
population [1; 5]. Therefore, it is particularly
important to study the mortality rates of the
population from diabetes mellitus.

The Republic of Sakha (Yakutia) is one
of the regions of the Far Eastern Federal Dis-
trict with a well-organized endocrinology
department. All specialized medical care in
the field of endocrinology is located in
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Yakutsk. There is a unified register of pa-
tients. The population of the republic is quite
heterogeneous in terms of ethnicity. In con-
nection with the above, the republic has the
potential to become a pilot northern region
for monitoring the epidemiological charac-
teristics of diabetes mellitus and for improv-
ing the endocrinological department in the
Arctic zone of the Russian Federation.

MATERIALS AND METHODS

The retrospective analysis of popula-
tion mortality rates from endocrine diseases
and diabetes mellitus in the Republic of
Sakha (Yakutia) for the period 2018-2022
was conducted. The official statistics data
are taken from the Yakutsk Republican
Medical Information and Analytical Center
(YRMIAAC), which is the republican register
of diabetes mellitus of the Republic of Sakha
(Yakutia).

RESULTS AND DISCUSSION

Since 2018-2022, the main classes of
mortality causes of the population demon-
strate a steady growth of the number of
deaths, including diseases of the endocrine
system and diabetes mellitus. The highest
mortality rates from all causes are identified in
2021 (1,067.8 per 100,000 of population).
The highest mortality rates from endocrine
diseases, eating disorders and metabolic dis-
orders are registered in 2020 (27.6 per
100,000 of population) and mainly because of
mortality from diabetes mellitus (260 per
100,000 of population). The total mortality

rate from all causes increased by 5.7 % in the
changes for the analyzed period — from 784.1
in 2018 to 828.5 in 2022, including diseases of
the endocrine system — by 264 %, from 17.8
to 22.5, including diabetes mellitus — by
31.7 %, from 164 to 21.6 per 100 thousand of
the population, respectively (Table 1).

The largest share in the mortality struc-
ture from endocrine diseases is mortality
from diabetes mellitus (average from 92.8 %
to 96.0 %). At the same time, the number of
deaths from insulin-independent diabetes
mellitus i significantly higher than from
non-insulin-dependent diabetes mellitus.
The dynamics over the five-year period
shows an increase in the share of deaths
caused by diabetes mellitus from 92.8 % in
2018 to 96.0 % in 2022, mainly because of
the non-insulin-dependent form of diabe-
tes. Thus, the specific volume of the number
of deaths from non-insulin-dependent dia-
betes mellitus in 2018 was 69.0 %, in 2022 —
86.5 %. The specific volume of the number
of deaths from insulin-dependent form of
diabetes in changes, on the contrary, is de-
creasing: if in 2018 the specific volume of
deaths from insulin-dependent form of dia-
betes amounted to 25.3 %, then in 2022 —
12.1 % (Table 2).

From 137% to 178% of endocrine
diseases deaths from 2018 to 2022 are regis-
tered in the working age group (2018 — 14 %;
from 2022 — 17.8 %), the majority of which are
men (more than 53.1-75 %). Women share is
from 25 % to 469 % in this age category. The
overwhelming majority of deaths from endo-
crine diseases are registered annually at the
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Table 1

Changes of mortality rate of the population of the Republic of Sakha (Yakutia)
according to classes and individual causes of death, 2018-2022 (per 100 thousand

of the population)
Increase/
Rate 2018 2019 2020 2021 2022 decrease, in %
2022 to 2018
Deaths from all causes,
including; 784.1 784.0 929.5 10678 | 8285 5.7
diseases of the endocrine system,
eating disorders, metabolic 178 181 27.6 216 225 204
disorders
of them from diabetes mellitus 164 16.7 260 206 216 317
Table 2

Changes of the population mortality structure from endocrine diseases
in the Republic of Sakha (Yakutia), 2018-2022

The cause of 2018 2019 2020 2021 2022
death absn.| % |absn.| % |absn.| % |absn.| % |absn.| %

Endocrine diseases 172 | 100 | 175 | 100 | 270 | 100 | 213 | 100 | 224 | 100
Diabetes mellitus, including; 158 | 928 | 162 | 926 | 254 | 94.1 | 203 | 953 | 215 | 960

insulin-dependent

diabetes mellitus 40 | 253 | 36 | 222 29 | 114 | 19 94 26 | 121

non-insulin-dependent

diabetes mellitus 109 | 690 | 120 | 741 | 218 | 858 | 182 | 89.7 | 186 | 865

other forms of diabetes 9 5.7 6 3.7 7 2.8 2 09 3 14
Malnutrition 0 0 1 06 4 15 0 0 3 13
Other endocrine diseases,
eating disorders and 14 | 81 | 12 | 69 | 12 | 44 | 10 | 47 0 2.7
metabolic disorders

age above working age - from 77.2% to
84.9 %, of which women prevail — more than
60 %. The share of men was from 20.5 % to
33.5 % during the analyzed period.

The number of deaths from endocrine
diseases increased in both age categories in
the changes for 2018-2022: of working
age — to 66.7 % and above working age -
to 18.5 %.
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The number of deaths from diabetes
mellitus in 2022 increased, in comparison
with 2018, It increased to 30.1%
(57 people). The women's share of popula-
tion prevails in the structure of mortality of
the republic from diabetes mellitus (2018 —
709 %; 2022 - 69.3 %), the men's share of
population is less than 40 % (2018 — 29.1 %;
2022 - 30.6 %).
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The majority deaths from diabetes
mellitus are registered above working age
(2018 - 86.7 %; 2022 — 77.7 %), in 2018 —
78.8 % of women and 21.2 % of men; in
2022, 664 % of women and 33.5% of
men. 17.2 % of deaths from diabetes melli-
tus were registered among the able-
bodied population for 2022 (2018 -
13.3 %), among men prevail — 67.5%,
women's share is for about 324 % (in
2018, the share of men — 81 %, the share
of women — 19 %).

The number of deaths from diabetes
mellitus in both age categories increased
in the changes for 2018-2022: at working
age by 76.2% and above working age
by 21.9 %.

The urban population prevails in the
structure of population mortality from dia-
betes mellitus (2018 - 71.2 %; 2022 -
09.6 %), there were 694 % of women in
2018 and 30.6 % of men; in 2022 - 60.6 %
of women and 394 % of men.

The rural population is about 30 %
(2018 — 28.8 %; 2022 - 304 %), in 2018 -
094 % of women and 30.6% of men; in
2022, 59.7 % of women and 40.3 % of men.

The changes for 2018-2022 shows an
increase in the number of deaths from dia-
betes mellitus in both population categories:
rural population to 26.5 % and urban popu-
lation to 17.4 %.

The largest share in the structure of
immediate causes of mortality of patients
with diabetes mellitus in 2022 were: renal
failure (20.0 %), chronic heart failure
(18.6 %), acute cerebral circulatory failure

(7.9 %), acute myocardial infarction (5.1 %),
PATE and pneumonia (4.2 % each).

The following changes occurred over
the five-year period: the share of deaths
from renal failure increased (from 15.8 % in
2018 to 20.0 % in 2022), pneumonia (from
1.3 % to 4.2 %), PATE (from 3.2 % to 4.3 %),
the share of deaths from a sepsis decreased
(from 1.9 % in 2018 to to 0.9 % in 2022),
acute myocardial infarction (from 7.0 % to
5.1 %), acute cerebral circulatory failure
(from 10.8 % to 7.9 %), chronic heart failure
(from 31.0 % to 18.6 %) (Table 3).

Comparing the immediate causes of
death among patients with diabetes mellitus
in 2022 and in 2018, there is a 333 %
decrease from sepsis deaths, decrease from
chronic heart failure deaths to 184 %, and
to 100.0 % decrease from gastrointestinal
diseases deaths. However, there was an
increase of deaths from pneumonia to
350.0 % (from 2 cases in 2018 to 9 cases in
2022), PATE to 80.0 % (from 5 to 9 cases
respectively), and renal failure to 72.0 %
(from 25 to 43 cases). The highest number
of deaths among patients with diabetes
mellitus occurred from sepsis, acute myo-
cardial infarction, and acute cerebral circu-
latory failure in 2020 (it is the beginning of
the occurrence and spread of the incidence
of a new coronavirus infection). The highest
number of deaths among patients with dia-
betes mellitus occurred from renal failure
and chronic heart failure in 2021. The mor-
tality rate among diabetic patients increased
t0 159 % (Table 4) in changes over the five-
year period.
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Table 3

Changes of the structure of immediate causes of death among patients with
diabetes mellitus, 2018-2022

Rate 2018 2019 2020 2021 2022
abs.n. % |absn.| % |absn.| % |abs.n.| % |absn | %
Deaths from diabetes
mellitus, the number of 158 | 100 | 162 | 100 | 254 | 100 | 203 | 100 | 215 | 100
people
Sepsis 3 19 4 2.5 7 2.8 5 2.5 2 09
AMI 11 7.0 11 0.8 18 7.1 6 3.0 11 5.1
PATE 5 3.2 3 1.9 8 3.1 7 34 9 4.2
AFCC 17 1108 | 15 93 24 94 8 39 17 79
Pneumonia 2 1.3 1 0.6 7 2.8 7 34 9 4.2
Renal failure 25 | 158 | 19 | 117 | 43 | 169 | 45 | 222 | 43 | 200
Gangrene 0.0 1 0.6 1 04 2 1.0 0.0
CHF 49 | 310 | 49 | 302 | 42 | 165 | 47 | 232 | 40 | 186
Gl 1 0.0 2 1.2 3 1.2 0.0 0.0
Table 4
Changes of immediate causes of death among patients with diabetes mellitus,
2018-2022
Increase/decrease
Rate 2018 | 2019 | 2020 | 2021 | 2022 2022 t0 2018, in %
The immediate cause of death
of patients with diabetes mellitus in 113 105 153 127 131 159
total of which:
sepsis 3 4 7 5 2 =333
acute myocardial infarction 11 11 18 6 11 -
PATE 5 3 8 7 9 80.0
acute cerebral circulatory failure 17 15 24 8 17 -
pneumonia 2 1 7 7 9 350.0
renal failure 25 19 43 45 43 720
gangrene 0 1 1 2 0 0
chronic heart failure 49 49 42 47 40 -184
gastrointestinal diseases 1 2 3 0 0 -100

CONCLUSIONS

There is an increase in the mortality
rate of the population from endocrine pa-
thology to 26.4 %, from diabetes mellitus to
31.7 % in the changes for the analyzed pe-
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riod of 2018-2022. Mortality from diabetes
mellitus is 96 % in the structure of mortality

from endocrine pathology, of which 86.5 %
is mortality from non-insulin-dependent
diabetes mellitus; 77 % are disabled people,
06 % are women. In the structure of causes
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of death of patients with diabetes mellitus —
20 % renal failure, 186% — CHF, 5% -
acute myocardial infarction, 4.2 % — PATE
and pneumonia. During the coronavirus
pandemic, the pattern of causes of death
among patients differed significantly from
the pre-pandemic period. The obtained re-
sults will allow to substantiate scientifically
the necessity of improvement of the endo-
crinological department in the Republic of
Sakha (Yakutia) and will form the basis of
the regional program “Fighting Against Dia-
betes Mellitus”.
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KIMHAYECKUI CIYYAH TETEPOTOITMYECKON BEPEMEHHOCTH
IIOCJIE 9KCTPAKOPIIOPAJIBHOTI'O OITIOJOTBOPEHUA
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Hcesckas 2ocyoapcmeennasn meouyunckasn axaoemus, Poccutickas Oedepaius

Ectopic pregnancy occupies a significant place in the structure of causes of maternal mortality. Timely diag-
nosis is even more complicated when there is a combination of both uterine and ectopic localization of the
ovum. The article describes the clinical observation of heterotopic pregnancy, features of the clinical picture,
diagnostic search and treatment strategy. The possibility of preservation of intrauterine pregnancy after surgi-
cal removal of a pathologically located second fertilized ovum has been shown. The patient was admitted to
the gynecological department with complaints of bleeding from the genital tract against the background of
delayed menstruation. An ultrasound examination revealed the presence of dichorionic diamniotic twins,
with one fertilized egg localized in the interstitial part of the fallopian tube stump. Surgical removal of the
stump with the fertilized egg was performed. The intrauterine pregnancy was preserved. Thus, with timely
diagnosis of heterotopic pregnancy and adequate tactics, it is possible to maintain intrauterine pregnancy.

Keywords. Heterotopic pregnancy, surgical treatment, prolongation of intrauterine pregnancy, in vitro fertilization.
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O3KTOMHIO CIIPaBa B CBA3U C MOCTEAYIOMEH TPYGHO! 6epeMEeHHOCTBIO. [T0Ka3aHO, YTO MPU IMHAMITIECKOM
HA6MIOCHNY BO3MOXKHO POJIOPA3PEIIEHNE NPU TOHOMIEHHOM CPOKE TeCTAIMH. VICTIONb30BAHBI JAHHBIE Me-
JUIMHCKUX JOKYMEHTOB HAOMIOAEHNS MAIUEHTKY B AMOYIATOPHBIX 1 CTAIIMOHAPHBIX YCIOBHSX, B TOM YHCIE
PE3YBTATH TA60PATOPHBIX, HHCTPYMEHTAIBHBIX, THCTOMOTMYECKUX METO/IOB UCCIeA0BAHMS. [TonydeHo uH-
(bOpMUPOBAHHOE COTTIACHE MAITUEHTKH I MYOIUKALUY PE3YIBTATOB HAOTIOECHS.

KiroueBsre ci1oBa. [eTepoTONMueckas 6epeMEHHOCTb, ONEPATUBHOE JIEYEHUE, TPOJIOHIUPOBAHNE MATOY-
HOU 6epEMEHHOCTH, KCTPAKOPIIOPATBHOE OIIO0TBOPEHHUE.

INTRODUCTION

Ectopic pregnancy (EP) continues to be
an important issue in obstetrics and gyne-
cology. The etiological factors of abnormal
nidation of the fertilized egg are diverse. EP
occurs in 1-2 % of total pregnancies and
causes up to 10 % of maternal mortality
[1; 2]. Risk factors for ectopic pregnancy in-
clude inflammatory diseases of the internal
genital organs, operations on the fallopian
tubes and uterus, hormonal disorders, en-
dometriosis, advanced reproductive age, use
of intrauterine contraceptive devices, endo-
crine diseases, and sexual infantilism [3; 4].
A special place is given to the use of assisted
reproductive  technologies (ART). [5; 6.
Currently, clinical data is accumulating on
the combination of intrauterine and ectopic
pregnancy when transferring several emb-
ryos in ART programs for patients with a his-
tory of tubectomy, i.e,, pregnancy develops in
the uterine tube stump together with intrau-
terine pregnancy [7]. The study of risk factors
for retrograde embryo migration, in addition
to those mentioned, revealed the following: a
history of ectopic pregnancy, reconstructive
surgery on the fallopian tubes, congenital
anomalies of the uterus development,
uterine fibroids; the use of gonadotropin-
releasing hormone agonists in the ovulation
stimulation protocol; ovarian hyperstimula-
tion; intensive progesterone support of the
luteal phase; assisted hatching of the embryo,

transfer technique and embryo quality,
smoking; patient's age [3; 8; 9.

There are rare forms of ectopic preg-
nancy: multiple, persistent, combination of
uterine and extrauterine, which cause addi-
tional difficulties in diagnosis [10; 11]. In
heterotopic pregnancy, the attachment of the
fertilized egg is more often observed in the
fallopian tubes (97.7 %), while isthmic loca-
lization is less common than others, It is pre-
cisely the rarity of pregnancy in the interstitial
part of the fallopian tube, the peculiarities of
the ultrasound picture that lead to some diffi-
culties in differential diagnosis of uterine and
ectopic pregnancies. With this localization,
pregnancy develops quite successfully. Its
growth is facilitated by good blood supply to
this area of the uterus and the development
of collaterals during pregnancy.

Of particular interest is the development
of an ectopic pregnancy in the stump of the
fallopian tube. Usually, tubectomy is per-
formed due to an ectopic pregnancy, as well
as the presence of sactosalpinx in preparation
for ART programs. At the same time, surgical
removal of an extrauterine pregnancy is a
necessary condition for treatment. There are
cases described in the literature of spontane-
ous rupture of the uterus along the scar after
removal of pregnancy of this localization
[12-14]. It is logical to assume a complicated
course of preserved uterine pregnancy, the
need for high-quality dynamic observation to
achieve a positive result.
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CLINICAL CASE

The aim of the study is to present a clini-
cal case of a combination of intrauterine and
ectopic pregnancies with a successful outcome
after surgical removal of the fertilized egg lo-
cated in the interstitial part of the fallopian
tube stump in a patient after bilateral tubec-
tomy and pregnancy in an ART program.

MATERIALS AND METHODS

The analysis of the clinical observation of
a patient who had a combination of intrauter-
ine and ectopic pregnancy after in vitro fer-
tilization was carried out. Data from medical
documents were used: medical records of an
inpatient, dispensary card of a pregnant
woman, birth history. To diagnose the pres-
ence and localization of pregnancy, an ultra-
sound examination of the pelvic organs was
performed upon admission to the gyneco-
logical department at 8-9 weeks, determina-
tion of B-hCG was carried out. The material
removed intraoperatively (fallopian tube
stump, elements of the fertilized egg) was sent
for histological examination. The excised
pieces were fixed in 10 % neutral formalin,
after standard processing, paraffin sections
were stained with hematoxylin and eosin.
Microscopic examination was performed on a
Primo Star Carl Zeiss microscope at magnifi-
cations x4, x10. Further studies were carried
out as part of monitoring the pregnant
woman in an out-patients department.

The patient's informed consent was ob-
tained for publication of the results of ob-
servation.

CLINICAL CASE

Patient K., 28-year-old, applied to the
gynecology department on June 5 2023
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with complaints of bright, spotting bloody
discharge from the genital tract and dull
pain in the lower abdomen against the
background of menstrual delay. A B-hCG
test was performed, and a positive result
was obtained. An ultrasound examination
revealed a dichorionic diamniotic twin
pregnancy with one fertilized egg localized
in the fallopian tube stump. The patient was
hospitalized. Medical history: the patient
considers herself ill for two weeks, when
dark, spotting, bloody discharge from the
genital tract first appeared 6 weeks after the
transfer of two embryos under the ART
program. The patient has a normosthenic
physique, body mass index is 24.7 kg/m”
The general condition is satisfactory. Heart
rate is 74 bpm, blood pressure is 109/71
mmHg, body temperature is 36.2 °C. There
are no concomitant diseases. The patient
experienced menarche at the age of 13,
with regular menstruation lasting 7 days
every 28 days, which is moderate and
painless. She has been sexually active since
the age of 15 and has not used protection
against pregnancy. The patient is currently
married. In 2018, she was examined for
primary infertility, due to obstruction of the
fallopian tube, laparoscopic tubectomy was
performed on the left side. In 2019, the first
tubal pregnancy occurred, which ended in
laparoscopic tubectomy on the right side.
The second pregnancy in 2021 ended in
incomplete miscarriage at 7-8 weeks after
in vitro fertilization (IVF), complicated by
acute endometritis. The current pregnancy
is the third one, induced by IVF, transfer of
two embryos was performed.

The result of pelvic ultrasound examina-
tion on June 5 2023 was the following: two
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fetal eggs were detected in the uterine cavity.
The first fetal egg was 38 mm in diameter.
The embryo was visualized, its length was
22 mm, which corresponded to a gestational
age of 8 weeks and 6 days. The heart beat was
positive. The yolk sac was visualized with a
diameter of 3.9 mm. The predominant loca-
lization of the villous chorion was on the pos-
terior wall, closer to the fundus of the uterus.
The structure of the chorion had not
changed. The second fetal egg, 21 mm in di-
ameter, was visualized in the stump of the
fallopian tube on the right side. The embryo
was visualized, its length was 20 mm, corre-
sponding to a gestational age of 8 weeks and
4 days. The heart beat was also positive. The
yolk sac had a diameter of 4.1 mm. There
were no peculiarities in the right and left ova-
ries. The conclusion indicated an 8-9 week
pregnancy with dichorionic diamniotic twins
and an ectopic pregnancy on the right. On
June 6 2023, a telemedicine consultation was
held with the National Medical Research Cen-
ter for Obstetrics, Gynecology and Perinato-
logy named after academician V.IKulakov,
Ministry of Health of the Russian Federation.
Given the presence of tubal pregnancy, it was
recommended to perform a tubectomy while
preserving uterine pregnancy.

The surgery on June 8 2023 revealed
that the uterus was up to 9 weeks of gesta-
tion of soft consistency. There was a roun-
ded thin-walled formation measuring
0x7cm in the area of the uterine tube
stump. The left fallopian tube wasn’t visual-
ized as it had been removed. The ovaries
weren'’t visually changed. A section was made
in the thin part of the right uterine tube
stump formation. An embryo 4 ¢cm long and
chorionic tissue were removed from the
cavity. The uterine tube stump was removed.

The abdominal cavity was dried. Napkins
and instruments were checked. The abdomi-
nal cavity was closed tightly. A cosmetic su-
ture was applied to the skin. An aseptic ban-
dage was placed. Blood loss was 50 ml.

Gross specimen included embryo,
chorion, uterine tube tissue. Pregnancy was
confirmed histologically. On the 7th day
after the operation, the patient was dis-
charged in satisfactory condition under ob-
servation of the gynecologist in an out-
patients department. The following dis-
charge recommendations were given: to
appear at the antenatal clinic on June 16
2023; to treat the postoperative wound for
a month; to wear a bandage for up to three
months; to avoid physical exertion; to avoid
heat treatments for two months; to abstain
from sexual intercourse for two months; to
consult a gynecologist at the patient’s medi-
cal facility with the results of histology.

Further dynamic observation was car-
ried out on an outpatient basis in accot-
dance with the clinical protocol “Normal
pregnancy”. Ultrasound examination was
performed at 12 weeks, fetal heart rate was
155 beats per minute, crown-rump length
was 56 mm, nuchal translucency thickness
was 1.7 mm. The nasal bone was visualized.
Dopplerometry of the tricuspid valve was
normal. Dopplerometry of the venous duct
was 1.05. Fetal dimensions corresponded to
the gestational age. The results of maternal
serum biochemistry were the following: free
B-hCG subunit 6828 IU/L (1327 MoM);
PAPP-A: 6.115 IU/L (1458 MoM).

"The calculated risks were as follows:
trisomy 2 — 1 in 5,621, trisomy 18 - 1 in
13,134, trisomy 13 — less than 1 in 20,000,
preeclampsia before 37 weeks of pregnancy —
1 in 1,856, fetal growth restriction before
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37 weeks — 1 in 395, spontaneous delivery
before 34 weeks — 1 in 1,659. Considering
the anamnestic data, cervical measurement
was performed at 16 weeks of gestation, the
length of the closed part of the cervical canal
was 39 mm. Further repeated examinations
with an interval of two weeks did not reveal
shortening of the cervix until 24 weeks.

Until 34 weeks, the patient received
micronized progesterone 200 mg per day
vaginally. Then, at 19 weeks of pregnancy, a
second screening ultrasound examination
was performed. There was one fetus in the
uterine cavity in cephalic presentation, ac-
cording to fetometry data, it corresponded
to 19 weeks of gestation. The placenta was
on the back wall of the uterus, closer to the
fundus, its thickness was 22 mm, maturity
degree was 0. The amount of amniotic fluid
was normal. The umbilical cord had three
vessels, central attachment to the placenta.
The length of the closed part of the cervical
canal was 38 mm, the internal os was
closed. Dynamic monitoring showed no
pathology. Dopplerometry of blood flow
velocity in the “mother — placenta - fetus”
system revealed no abnormalities. Similar
studies at 32-34 weeks also indicated the
normal development of pregnancy, absence
of fetal malformations and signs of placen-
tal insufficiency. Cardiotocography was
regularly performed from 32 weeks of
pregnancy every two weeks and also indi-
cated a satisfactory condition of the fetus. At
38-39 weeks of gestation, the patient was
hospitalized in an obstetric hospital for deliv-
ery. The condition was satisfactory. Abdomi-
nal circumference was 98 ¢cm, height of uter-
ine fundus was 37 cm, head presentation of
the fetus. Pelvic dimensions were 24-27-29-
185 c¢m, which corresponded to a generally
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uniformly narrowed pelvis of the 1st degree
of narrowing according to the classification of
AF. Palmov. Solovyov index was 1.5. Esti-
mated fetal weight was 3580 g according to
ultrasound examination results. The main fac-
tor determining the delivery tactics was surgi-
cal intervention in the first trimester of preg-
nancy in the amount of removal of the isth-
mic portion of the fallopian tube, combined
with anatomically narrow pelvis and repro-
ductive history of the woman. It was collec-
tively decided to proceed with a planned
operative delivery by caesarean section.
A male fetus weighing 3,510 g and 52 cm long
was delivered, Apgar score was 8/8 points.
A scar was noted in the area of the right
uterine corner during the surgery, without
penetration into the uterine cavity. The
blood loss amounted to 680 ml.

RESULTS AND DISCUSSION

Both domestic and foreign literature
emphasize the increasing incidence of rare
forms of ectopic pregnancy. Combinations
of uterine and ectopic pregnancies occur on
average once in 30,000 pregnancies. More
often than not, abnormal attachment of the
fertilized egg occurs in different parts of the
fallopian tube. When the location of the fer-
tilized egg is in the intramural or isthmic
portion of the tube, the ultrasound picture
may mimic a uterine pregnancy. Literature
data show that even indications of voluntary
sterilization or tubectomy do not exclude
the development of an ectopic pregnancy in
the future [5; 7). Special attention should be
paid to the patients who have undergone
removal of the fallopian tubes and transfer
of several embryos in ART programs [8; 9).
Itis these women who are at high risk of
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heterotopic pregnancy. A concerning point
is the localization of the fertilized egg in one
of the corners of the uterus detected by ul-
trasound. The appearance of complaints
about pain in the lower abdomen and spot-
ting, bloody discharge from the genital tract
should prompt a differential diagnosis bet-
ween threatened miscarriage and hetero-
topic pregnancy. The uniqueness of the de-
scribed case lies in the fact that an ectopic
pregnancy developed in the isthmic part of
the uterine tube stump up to 8-9 weeks.

Thus, women with a history of surgery on
the fallopian tubes, including tubectomy, are at
risk of developing heterotopic pregnancy.
These factors play a significant role in the ret-
rograde migration of the fetal egg. Ultrasound
examination greatly facilitates determining the
localization of the fetal egg and conducting
differential diagnosis between uterine and ec-
topic (isthmic) pregnancy. Timely removal of
an abnormally localized fetal egg increases the
likelihood of carrying a uterine pregnancy to
term. At the same time, a complicated course
of pregnancy is expected, primarily miscarriage
and premature birth. When planning obsetva-
tion in an out-patients department conditions,
it is necessary:

1) to perform cervical measurement at
16-24 weeks;

2) in special cases, to provide proges-
terone support;

3) to carry out delivery in accordance
with the obstetric situation and the extent
of surgical intervention performed during
this pregnancy.

CONCLUSIONS

In the presented clinical case, risk fac-
tors for ectopic pregnancy were a history of

ectopic pregnancy, operations on the fallo-
pian tubes (bilateral tubectomy), and in vit-
ro fertilization.

Early diagnosis of this pathology using
ultrasound examination allowed timely re-
moval of the ectopic fetal egg with further
carrying a uterine pregnancy to term and
delivery at full-term pregnancy.
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vascular treatment of the patient with infected subtotal mixed pancreonecrosis complicated by pseudocyst
formation of pancreatic tail, recurrent arrosive hemorrhage, formation of external gastric and incomplete ex-
ternal pancreatic fistula in the late postoperative period.

Keywords. Acute pancreatitis, pancreonecrosis, minimally invasive surgical technologies, arrosive bleeding,
X-ray endovascular methods of hemostasis, external fistula.

OCTpblil TAHKPEATUT IO PACTIPOCTPAHEHHOCTH 3aHUMAET 3-€ MECTO CPEAM BCEX MATOJIOTHI OPIAHOB 6pIONI-
HOI TIOJIOCTH, YCTYIIAA TOJIBKO OCTPOMY AIIEHAMULITY U OCTPOMY XOJIELUCTHTY, €ro JOJA COCTaBIAeT oT 10
10 25 %. JleTanbHOCTb IIPU OCTPOM ITAHKPEATUTE, IO PA3HBIM JAHHBIM, BAPbUPYETCA OT 15 70 25 %.
[IpeacTaBneHbl PE3YIbTaThl MUHU-MHBA3UBHOTO 3TAITHOTO KOMOMHMPOBAHHOIO 3HOBHAEOXUPYPIUIECKOTO
U PEHITEHOBACKY/IPHOIO JECYEHUA MALMEHTA ¢ MH(DULMPOBAHHBIM CyOTOTANIBHBIM CMEMIAHHBIM ITAHKPEO-
HEKPO30M, OCTIOKHEHHBIM (POPMUPOBAHUEM IICEBIOKUCTEI XBOCTA MOLKEIYAOUHON KENE3bl, PELUUBUPYIO-
LM APPO3UBHBIM KPOBOTEYEHHUEM, OOPA30BAHMEM HAPYKHOIO JKEMYAOYHOTO U HEMOITHOTO HAPYKHOTO MTaH-
KPEATMYECKOT'O CBUIIEH B TIO3HEM MOCIEONEPALOHHOM MIEPHOJIE.

Kirogesnie c10Ba. OCTpBIil IAHKPEATUT, TAHKPEOHEKPO3, MUHU-UHBA3UBHBIC XUPYPIUUECKUE TEXHONOTUH,

APPO3NBHOC KPOBOTCUCHUC, PEHTTCHOIH/IOBACKY/IAPHBIC MECTOAbI ITEMOCTA34, Hzlpy)KHbH;I CBHIIIL.

INTRODUCTION

Among abdominal surgical emergen-
cies, acute pancreatitis accounts for 10 to
25 % of the total number of patients with
surgical pathology of the abdominal or-
gans and ranks third, second only to acute
appendicitis and acute cholecystitis [1]. In
recent years, lethality from acute pan-
creatitis in the Russian Federation has
ranged from 15 to 25 % [2-4].

Acute pancreatitis is a polyetiological
disease. The most common cause of pan-
creatitis is alcoholic-alimentary, account-
ing for up to 55 % of cases, followed by
acute biliary pancreatitis, which accounts
for up to 35 % [5]. Post-manipulation pan-
creatitis deserves attention due to the in-
creasing number of minimally invasive
surgical and endoscopic methods for
treating pathologies of the pancreaticobi-
liary system. According to various authors,
acute pancreatitis after a diagnostic study
develops in 3.5-8.6 % of cases, and after
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therapeutic manipulations on the major
duodenal papilla in 4.5-9.6 % of observa-
tions [0].

Due to the general trend towards an
increase in the number of patients with
acute pancreatitis, there is a constant in-
crease in destructive forms of the disease,
which account for up to 20-44 % [7].

Pancreonecrosis is an aseptic demar-
cation type inflammation based on necro-
biosis of pancreatocytes and enzymatic
autoaggression, followed by subcapsular
breakthrough of pancreatic secretions, ne-
crosis and dystrophy of the gland, further
spread of pancreatogenic aggression to
surrounding tissues [8]. Lethality from
aseptic pancreatic necrosis over the past
30 years ranges from 15 to 20 %, and from
30 to 39 % if infection occurs [9]. On the
one hand, constantly improving methods
of prevention, diagnosis and treatment of
acute pancreatitis, and on the other hand,
an increase in cases of severe course of the
disease contribute to an increase in the
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number of patients with late post-necrotic
complications [7]. According to the litera-
ture, external pancreatic fistulas (EPF),
cicatricial strictures of the main pancreatic
duct and pancreatic pseudocysts occur in
9.5-87 %, 47-50% and 5-10 %, respec-
tively; less frequently, calculi of the pancre-
atic ductal system are formed - 18 %
[10; 11). About 20 % of patients with
chronic post-necrotic pancreatitis die from
its complications within the first 10 years
and more than 50 % after 20 years [12].

Thus, despite a large number of stud-
ies, constantly improving methods of diag-
nosis and treatment of acute necrotizing
pancreatitis, it is not possible to signifi-
cantly reduce lethality rates in the early
and late postoperative period, prevent the
development of complications in the long-
term period, or improve the quality of life.

The analysis of the clinical case of
stage combined treatment of a patient,
based on the surgical department of State
Autonomous Healthcare Institution of
Perm Krai City Clinical Hospital No. 4,
Perm, with infected pancreonecrosis,
pseudocyst formation of pancreatic tail,
complicated by recurrent arrosive hemor-
rhage, formation of external gastric and
incomplete external pancreatic fistula in
the late postoperative period.

CLINICAL CASE

Patient F., 45-year-old, was admitted to
the emergency room of the State Autono-
mous Healthcare Institution of Perm Krai

«City Clinical Hospital No. 4> (CHB No. 4) in
Perm with complaints of acute, intense pain
(according to the visual analogue scale
(VAS) is 7-8 points) in the epigastric region
and left hypochondrium, anuria. It was
known from the anamnesis that the patient
had been consuming alcohol up to 1 liter
per day for six days. He considered himself
sick for three days before going to the
emergency room, when abdominal pain
began to bother him. The patient inde-
pendently took antispasmodics without ef-
fect. Against the background of increasing
pain syndrome, he called an ambulance and
was taken to the emergency room of City
Clinical Hospital No. 4.

On admission the condition was se-
vere, due to pain syndrome, endotoxicosis,
multiple organ dysfunction syndrome
(MODS). The skin was pale. Skin turgor
was reduced. Body temperature was
37.6 °C. Peripheral lymph nodes weren't
palpable. The patient was breathing spon-
taneously. Lung breathing was harsh, con-
ducted in all departments. There were no
rales. The patient had respiratory rate of
23 per minute. Pulse was 90 per minute,
rhythmic, he had blood pressure of
90/60 mmHg. The patient had anuria. Lo-
cal status: the abdomen was swollen, didn’t
participate in the act of breathing. There
were no postoperative scars, hernial de-
fects, infiltrates on the anterior abdominal
wall upon examination. Upon superficial
palpation, the abdomen was tense, painful
in all sections. Peritoneal symptoms were
positive. In the lumbar region there was no
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infiltration, bulging, or other pathological
changes. Auscultatively, peristalsis was
heard, weakened. There had been no stool.
Gases were released. Per rectum: the
sphincter was toned, there were traces of
brown-colored feces without pathological
impurities in the ampoule. The patient un-
derwent a standard set of diagnostic tests
and procedures in the emergency room
according to the current national clinical
guidelines of the Russian Society of Sur-
geons «Acute Pancreatitis» (2020). Accord-
ing to the complete blood test, leukocyto-
sis was noted (23.9-10°/L). In the bio-
chemical blood analysis there was an
increase in AST up to 95.7 U/L; ALT up to
49.6 U/L, blood amylase up to 614.5 U/L;
alkaline phosphatase up to 146.6 U/L, urea
up to 12.1 mmol/L; total bilirubin up to
32.8 pmol/L; indirect bilirubin up to
23.5 umol/L; direct bilirubin up to 9.3 umol/L.
A urine test was not performed due to anu-
ria. On an overview X-ray of the abdominal
cavity in direct projection, no free gas un-
der the diaphragm was detected, There was
gas and fecal matter in the large intestine,
moderate aerocolia was presented, hori-
zontal levels were not determined, struc-
tures of the abdominal cavity were leveled.

According to the abdominal ultrasound,
there were signs of limited accumulations of
anechoic content in the left flank and left
hypochondrium (Fig, 1).

Based on the patient's complaints,
medical history, objective examination re-
sults, and laboratory and instrumental stud-
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ies, a diagnosis of severe acute pancreatitis
complicated by widespread enzymatic peri-
tonitis and multiple organ dysfunction syn-
drome (MODS) with predominant hepatic
and renal failure (qSOFA score of 2) was
made. The concomitant disease was an exa-
cerbation of chronic gastroduodenitis. It was
decided that emergency surgical intervention
was necessary due to vital indications. The
patient underwent diagnostic and therapeu-
tic laparoscopy, omentobursostomy, lavage
and drainage of the abdominal cavity, block-
ade of the round ligament of the liver and
the root of the mesentery with a solution of
0.5 % novocaine (60 ml).

After surgery the patient was diagnosed
with severe acute pancreatitis (Atlanta, 2012)
complicated by mixed subtotal pancreatic
necrosis, dense parapancreatic infiltrate,
widespread enzymatic serous-hemorrhagic
peritonitis, multiple organ dysfunction syn-
drome (MODS) with predominant hepatic
and renal failure (qQSOFA score of 2)). toxic
hepatitis. The concomitant disease was an
exacerbation of chronic gastroduodenitis.

In the postoperative period, in the in-
tensive care unit (ICU), infusion, anti-
inflammatory, antibacterial, and sympto-
matic therapy were performed, as well as
dynamic observation. On the second day of
the postoperative period, against the back-
ground of resolution of anuria, marked amy-
lasuria (up to 17403 U/L) and amylasemia
(up to 144.5 U/L) were noted, as well as a
decrease in hemoglobin levels to 81 g/L and
red blood cells to 2.5:10"%/L.
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Fig. 1. Ulirasound signs of the presence of limited accumulations of anechoic content:
a — in the left flank region; b — in the left hypochondrium

Up to 500 ml of serous-hemorrhagic
discharge was obtained from the abdominal
cavity through the tubular drains. Consider-
ing the increasing anemia, it was decided to
perform a diagnostic relaparoscopy in order
to identify the source of hemorrhage and
determine further treatment tactics.

During relaparoscopy, no signs of on-
going intra-abdominal hemorrhage were
found. There was up to 200 ml of serous
hemorrhagic exudate in the abdominal cav-
ity. The abdominal exudate was evacuated,
the abdominal cavity was drained and dried.

Within the first day after relaparoscopy
against the background of complex symp-
tomatic therapy and blood transfusion,
there was a negative trend in the complete
blood test. Hemoglobin (HGB) decreased to
71 g/L; hematocrit (HCT) to 21.2%; red
blood cells (RBC) to 2.25-10"/L. There was
hemorrhagic discharge up to 150 ml from
the drains in the abdominal cavity.

Based on the clinical picture of ongoing
intra-abdominal hemorrhage, it was decided

to perform surgical treatment, specifically an
upper midline laparotomy and revision of
the abdominal cavity. Intraoperatively, up to
500 ml of fresh blood and clots were found
in the abdominal cavity. The contents were
taken for bacteriological examination. Dur-
ing the revision of the omental bursa, a
blood clot was found in the area of the tail of
the pancreas with a volume of up to 400 ml
Massive diffuse hemorrhage developed when
it was removed from the tail of the pancreas.
The hemorrhage was stopped using irriga-
tion with the local hemostatic drug «Hemob-
lock». The abdominal cavity was sanitized
and redrained.

The patient was treated in the intensive
care unit (ICU) for 9 days, where laboratory
and instrumental parameters were moni-
tored, symptomatic therapy was performed,
including infusion, antispasmodic, analgesic,
antibacterial, hemostatic, and blood transfu-
sion therapy. Intra-abdominal pressure was
monitored using the Iberti-Kron method.
On the first day after surgery, intra-abdo-
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minal hypertension (IAH) corresponded to
grade II (19 mmHg). To prevent postopera-
tive intestinal paresis, a saline enteral solu-
tion (SES) was administered through a gas-
tric tube. By the third day after the opera-
tion, a significant reduction in IAH was
achieved (13 mmHg). According to the re-
sults of microbiological testing for aerobic
and facultative anaerobic microorganisms,
the following were detected: Escherichia
coli 10° CFU/g; Klebsiella pneumoniae
10°CFU/g;  Corynebacterium  xerosis
10’ CFU/g. Specific complex antibacterial
therapy was prescribed: linezolid 0.2 % —
300 ml, once a day + cefotaxime 1.0 twice
a day intramuscularly.

On the 10th day of the postoperative
period, according to CT scans of the ab-
dominal cavity, there was a picture of
acute pancreatitis with pronounced infil-
trative changes in the parapancreatic tis-
sue. A pseudocyst of the tail of the pan-
creas was formed (Fig. 2).

Fig. 2. CT scan of acute pancreatitis with
infiltrative changes in the parapancreatic tissue.
Pseudocyst of the tail of the pancreas
(indicated by arrows)
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In the postoperative period, there was
a positive trend in the patient's condition
and normalization of laboratory parameters.
On the 28th day after surgery there was a
decrease in blood amylase to 24.8 U/L and
urea to 1.5 mmol/L; increase in CRP level up
to 125 mg/L; slight increase in hemoglobin
(HGB) up to 86 g/L, hematocrit (HCT) up
to 26.6%, red blood cells (RBC) up to
3.1-10"/L; increased ESR up to 67 mm/h. All
other indicators were within normal limits.

On the 30th day after surgery, there
was a deterioration in the patient's condi-
tion. According to the complete blood
test, hemoglobin levels decreased to
63 g/L, hematocrit to 17.9 %, red blood
cells to 2.18:10"/L. To exclude repeated
arrosive hemorrhage from the pancreas
parenchyma, angiography was performed.
The study revealed an aberrant branch of
the celiac trunk that departed 0.3 cm
above the left renal artery and hypervas-
cularization in the spleen gate projection
(in the area of the pancreatic tail pseudo-
cyst). The hemorrhage was stopped by
X-ray endovascular embolization of the
aberrant artery lumen using a Merit Maes-
tro 24F microcatheter and ASAHI Fielder
conductor with PVA particles (45-150 mic-
rons — Boston Scientific) (Fig. 3).

On the 34th day, an abscess of the
omental bursa formed. The patient under-
went relaparotomy, omentobursostomy,
drainage of the omental bursa, redraining
of the abdominal cavity. An abscess was
found in the omental bursa, opened, about
100 ml of thick creamy pus with old blood
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Fig. 3. X-ray endovascular embolization of the aberrant artery lumen:
a - pathological branch of the splenic artery feeding the area of the formed pseudocyst;
b — embolization of the artery with PVA particles

clots was obtained. Purulent discharge was
taken for bacteriological examination. The
abdominal cavity was sanitized and
drained with tubular and glove drains.

In the postoperative period, sympto-
matic therapy, monitoring of laboratory
parameters, and dressing of postoperative
wounds were performed.

According to the results of microbi-
ological testing for aerobic and facultative
anaerobic microorganisms, Enterococcus
faccalis 10" CFU/ml was detected. Cipro-
floxacin was additionally prescribed at a
dosage of 500 mg twice a day.

On the 42nd day after surgery, gastric
contents were noted through the drainage
tube installed in the omental bursa. Diag-
nostic  fibrogastroscopy was performed.
Necrosis of the stomach wall with perfora-
tion and a 10 mm drainage tube inside were
detected in the subcardial region, upper

third of the body of the stomach, along the
greater curvature; the free edge of the tube
was directed towards the bottom of the
stomach. A microirrigator was installed in
the duodenum to prevent food from enter-
ing through the perforation hole in the
stomach wall and enteral feeding was
started. Then all tubular drains from the
omental bursa and the stomach cavity were
removed, only glove drains remained.

For the next 15 days, the patient con-
tinued conservative therapy with constant
monitoring of laboratory parameters, daily
dressing of postoperative wounds, and
flushing of the omentobursostomy. Labora-
tory test results showed a tendency towards
normalization.

On the 57th day after surgery, the gas-
tric fistula closed. According to the results
of X-ray examination of the stomach with a
water-soluble contrast agent, no extra con-
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tours of the contrast substance were de-
tected. The contrast entered the duodenum
in small portions (Fig. 4).

By the 63rd day after the operation, the
pain syndrome was stopped. The pancreatic
fistula closed during conservative treatment.
There was no negative trend in laboratory
or instrumental parameters.

Postoperative wounds healed by pri-
mary/secondary intention, without signs of
inflammation. The patient was discharged
for outpatient treatment at the local clinic.
Recommendations were given on treat-
ment, including therapy, diet, and care of
postoperative wounds.

The final clinical diagnosis was severe
acute alcoholic pancreatitis complicated by
mixed subtotal pancreonecrosis, dense
parapancreatic infiltrate, widespread enzy-
matic serous-hemorrhagic peritonitis, mul-
tiple organ dysfunction syndrome (MODS)
with predominant hepatic and renal failure

(qSOFA score of 2), toxic hepatitis. The first
operation involved diagnostic and thera-
peutic laparoscopy, omentobursostomy,
sanitation, drainage of the abdominal cavity,
blockade of the circular ligament of the
liver and the root of the mesentery with a
solution of 0.5 % novocaine in amount of
00 ml, postoperative sluggish peritonitis.
The second operation was a relaparoscopy
with revision of the abdominal cavity, sani-
tation, and redraining of the abdominal
cavity, addressing arrosive diffuse hemor-
rhage from the pancreatic parenchyma
tissue into the abdominal cavity, and hemo-
peritoneum. The third operation was an
upper midline laparotomy, abdominal cavity
revision, stopping the hemorrhage from the
pancreatic tissue, sanitation, and redraining
of the abdominal cavity, due to arrosive
hemorrhage from an aberrant branch of the
celiac trunk. The fourth operation involved
stopping the hemorrhage from the aberrant

Fig. 4. X-ray of the stomach and duodenum with a water-soluble contrast agent
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artery of the celiac trunk by X-ray endovas-
cular embolization, addressing a pancreatic
pseudocyst in the tail, and arrosive hemor-
rhage into the pseudocyst cavity in the pan-
creatic tail that had already occurred, as well
as an abscess of the omental bursa. The fifth
operation included a relaparotomy, opening
and drainage of the abscess of the omental
bursa, and omentobursostomy, resulting in a
closed external gastric incomplete pancre-
atic fistula and severe posthemorrhagic
anemia. The concomitant disease was an €x-
acerbation of chronic gastroduodenitis.

The given clinical observation presents
a case of treating a patient with infected
subtotal pancreonecrosis complicated by
massive arrosive hemorrhage from the tail
of the pancreas in the early postoperative
period, hemorrhage into the cavity of the
formed pseudocyst of the pancreatic tail,
abscess of the omental bursa, formation of
an external gastric, incomplete pancreatic
fistula in the late postoperative period..

CONCLUSIONS

It is particularly important to use the
full range of modern diagnostic and treat-
ment technologies in order to achieve posi-
tive results in the treatment of patients with
pancreatic necrosis. These technologies al-
low for reliable stratification of periopera-
tive risks of complications, as well as
prompt selection of the optimal and indi-
vidualized extent of surgical intervention.
The stage implementation of minimally in-
vasive surgical interventions using a combi-

nation of surgical approaches is key to suc-
cessful treatment for this group of patients.
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THE CASE OF DEVELOPMENT OF HIV-ASSOCIATED KAPOSI'S

SARCOMA WITH SKIN AND LUNG LESIONS
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CJIVYAH PA3BUTHA BUY-ACCOIIMMPOBAHHOM CAPKOMBI
KAITIOIIIH C IIOPA’JKEHUEM KOKH U JIETKUX

M.IO. Kobepnux'*, B.B. Huxonenxo', O.E. Mukoea’, A.A. 3aevanoea’, M.A. ITeankosa'
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saoonesaruamu, Poccutickas Oedepayus

A clinical case of HIV-associated Kaposi's sarcoma with skin and lung lesions is presented. A patient referred
to the Perm Regional Center for the Prevention and Control of AIDS and Infectious Diseases complaining of
rash on the skin of the right wing of the nose, forehead, in the right axillary and right inguinal areas, on the
shins. The first skin changes occurred in December 2020 on the right wing of the nose, later the pathological
process spread to other areas of the skin. HIV was revealed in 2009 and the patient had not received specia-
lized medical care until 2022 as he had been in prison. Since March 2022, the patient has been registered at
the dispensary and regularly receives antiretroviral therapy. In April 2022, PET/CT tests and histological ex-
amination of a biopsy of skin rashes were performed. On the basis of these findings the diagnosis of Kaposi's
sarcoma with skin and lungs lesions was made.

HIV-associated Kaposi's sarcoma is accompanied by lesions of the skin and internal organs. Skin changes in Kaposi's
sarcoma are characterized by the primary localization of foci on the face and upper extremities, and without anti-
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retroviral therapy, by rapid progression and generalization of the pathological process. Visceral lesions worsen the
course of the disease and complicate its prognosis. Patients with HIV-associated Kaposi's sarcoma need dynamic
monitoring and complex therapy from infectious diseases specialists, dermatovenerologists, oncologists.
Keywords. Kaposi's sarcoma, HIV infection, skin lesions, lungs.

[Ipeacrasnen KMHUYECKUH crydayt BUY-acconmmpoBaHHON CaPKOMBI Kanmomu ¢ mOpaKeHueM KOXHU 1 JIET-
Kux. B IlepMckuii Kpaesoit LEHTP 1O NPOPUIAKTUKE U 60pbde co CIIN 1 nH(EKIMOHHBIMU 3460/1€BAHNA-
MU OOPATWIICH MAIMEHT € KaM00aMU Ha BBICBIIAHUA HA KOXKE IPABOTO KPbUIA HOCA, /104, B IIPABOI IIO/MBI-
IIEYHOM 1 IIPABOY N1aXOBOI 06JIACTAX, HA roeHsAX. [lepBble KOXKHBIE U3MEHEHNS BO3HUKIN B jiekabpe 2020 T
HA TPABOM KpPBUIE HOC4, B JAJIBHEHIIEM ITATOJOTUYECKHIT TPOLECC PACTIPOCTPAHWICA HA JIPYTHE YIACTKU
KoxkHOTrO mokposa. BUY-undexnust ¢ 2009 1., 10 2022 r. NaIMEHTy HE OKa3bIBANACh CHCHUATM3UPOBAHHAS
MEJULMHCKAS TIOMOIILb, IOCKOJIBKY OH HAXOJW/ICA B MECTAX JIUIIEHUA CBOOOAbL. C MapTa 2022 I. IalUEHT Ha-
XOAUTCA HA JJACHAHCEPHOM YYETE M PETYIAPHO MOMYYaeT aHTUPETPOBUPYCHYIO Tepanuio. B anpene 2022 .
6b11 BbINOMHEHB! [1DT /KT ¥ TUCTOMOTMYECKOE UCCIEI0BAHNUE OUOITATA KOKHBIX BBICBITAHUI, IO PE3Y/IbTA-
TaM KOTOPBIX YCTAHOBJIEH JMArHO3 CAPKOMBI Kamomu ¢ MOpaXeHWeM KOXHBIX IIOKPOBOB U JIETKUX. BUY-
ACCOLMUPOBAHHAA CApPKOMA Karomm conmpoBOX/AAETCA TTOPAKEHUEM KOXH U BHYTPEHHUX OPraHOB. KOXHbIE
U3MCHEHUSA TIPU capkoMe Kanommm XapakTepusyloTCcsl IEPBUYHOM JIOKATU3AIMEI OYAroB HA JIUIE ¥ BEPXHUX
KOHEYHOCTAX, 4 [IPY OTCYTCTBUU aHTUPETPOBUPYCHOM TEPAUY — OBICTPBIM IPOIPECCUPOBAHUEM U TEHEPA-
JIM3AIMEN TTATOJOTUYECKOTO NTPOLIECCa. BUCIIEPATbHBIE MOPAKEHNS YCYTYOIAIOT TEUEHNE 32007IEBAHNS U OC-
JIOXKHSIOT €ro NporHoa. [lanuentsl ¢ BUY-acconnupoBaHHoil capkoMoi Kamomm HyKaioTcs B AUHAMUYC-
CKOM H20JII0/JCHUN 1 KOMILIEKCHO TEPANINH Y MH(EKLOHNUCTOB, AEPMATOBEHEPOIOIOB, OHKOJIOTOB.

Kirogessie croBa. Caproma Kanomu, BUY-un(eKys, NOpaxKeHus KOXKY, JICTKUE.

INTRODUCTION

The continuous improvement of meth-
ods for working with patients infected with
the human immunodeficiency virus (HIV),
combining timely diagnosis and administra-
tion of antiretroviral therapy (ART), has led
to an increase in the length and quality of
life of these patients [1]. However, the inci-
dence rates of HIV infection in the Russian
Federation and the Perm region remain
high, ranging from 43.2 to 89.2 per 100,000
population, respectively”. Against the back-
ground of this trend, there are patients who

* Federal Service for Supervision of Consumer Rights
Protection and Human Welfare, available at:
https://www.rospotrebnadzor.ru/deyatelnost/epidemiolo-
gical-surveillance; Federal Service for Supervision of Con-
sumer Rights Protection and Human Welfare in the Perm
Territory, available at https://59.ru/text/health/2023/07/
28/72544472.
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do not seek medical help and do not re-
ceive antiretroviral therapy (ART). This
leads to an increase in secondary viral and
bacterial diseases recorded in this nosology,
as well as the number of cancer patients
among these individuals [1-3]. Dissemi-
nated Kaposi's sarcoma, a rarely recorded
secondary disease in patients with HIV in-
fection, is an indicator of oncological
pathology. It is a tumorous, multi-focal dis-
ease of vascular origin that affects the skin,
lymph nodes, and internal organs. It is
known that the first description of this pa-
thology was made in 1872 by the Hungarian
dermatologist Moritz Kaposi. The develop-
ment of sarcoma is based on immunosup-
pression with a pronounced violation of
antitumor  immunity and  subsequent
neoangiogenesis: the formation of spindle-
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shaped cells lining the walls of new vessels,
capillaries, the formation of anastomoses
between adjacent blood vessels. [4; 5]. Ka-
posi's sarcoma occurs when the number of
CD,+ T-lymphocytes in the blood is less
than 500/mm’, dissemination is recorded in
patients with a level of CD,+ T-lymphocytes
less than 200/mm’ [1; 6].

In view of the above, we present the
clinical case of a patient with the develop-
ment of Kaposi's sarcoma against the back-
ground of HIV infection.

CLINICAL CASE

Patient Ch., born in 1981, applied to the
Perm Regional Center for AIDS and Infec-
tious Diseases on December 12, 2023, com-
plaining of skin rash on the right wing of his
nose, forehead, in the right axillary and right
inguinal areas, on the shins, which were not
accompanied by subjective sensations.

According to his medical history, the pa-
tient first noticed changes in the skin of the
right wing of his nose in December 2020. In
2021, the pathological process spread to the
right frontal region and shin. In April 2022,
the patient was referred to the Perm Re-
gional Oncology Dispensary for a more accu-
rate diagnosis. A positron emission tomogra-
phy combined with X-ray computed tomo-
graphy (PET/CT) was performed, and
surgical excision of efflorescences on the
right wing of the nose followed by histologi-
cal examination was carried out. Based on
the results of the studies, the diagnosis was
established: Kaposi's sarcoma of the skin af-

fecting the right wing of the nose, right fron-
tal region, shin skin, lungs. Subsequently, in
2022, similar rashes were also noted in the
right armpit and groin areas.

From the patient's life history, it was
known that he had five criminal records,
incomplete secondary education, was single,
and had a son born in 2007.

Past medical history included chronic
cytomegalovirus infection since 2005, intra-
venous drug use since 2007, HIV infection
since 2009 (ART has been administered
since March 2022), chronic viral hepatitis C
since 2009, mild cytolysis syndrome, oral
candidiasis.

The patient denied any occupational
hazards.

Allergological anamnesis revealed a ur-
ticaria-type reaction to the administration
of penicillin antibiotics.

No family history of cancer.

Objectively, the patient's condition is sat-
isfactory, body temperature is 36.5 °C. Height
is 170 cm, weight is 86 kg, BMI is 30. The
musculoskeletal system i proportionally
formed. The tongue is moist, there is a cur-
dled coating on the back of the tongue and
gums. Breathing through the nose is free, ve-
sicular breathing in the lungs is carried out to
all parts, no wheezing, respiratory rate is 18
per minute. Heart sounds are clear, rhythmic,
heart rate is 74 beats per minute, blood pres-
sure is 120/80 mmHg. The abdomen is soft,
painless, the liver is 1.0 cm below the edge of
the costal arch, the spleen is not palpable. The
symptom of shaking the lumbar region is
negative on both sides. Submandibular lymph
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nodes of 1.0 cm, anterior cervical lymph
nodes of 0.5 c¢m, axillary and inguinal lymph
nodes of 0.5 cm are palpated, elastic consis-
tency, mobile, not soldered with surrounding
tissues and among themselves, the skin above
them is of physiological color.

Status localis: the skin pathological
process is widespread, asymmetric, located
on the face in the forehead and right wing
of the nose, in the right axillary and right
inguinal areas, on the shins. It is represented
by polymorphic rashes in the form of pur-
ple-brown hemorrhagic spots of round and
elongated shape, 2.5-3.0 c¢cm in diameter,
with clear borders and smooth surface, as
well as single lenticular reddish-brown
rounded papules of dense elastic consis-
tency (Fig. 1). An atrophic scar of irregular
white shape is determined in the area of the
right wing of the nose (Fig. 2).

Laboratory and instrumental studies
were performed: the complete blood test
showed an increase in hemoglobin levels —
165 g/L, eosinophils — 5.5 %, lymphocytes —
529 %, a decrease in segmented neutro-
phils to 35.6%. The urine test was
unchanged.

The biochemical blood test revealed an
increase in AST — 51.7 U/L, ALT - 43.0 U/L,
glucose — 6.27 mmol/L. The immunogram
showed an increase in the number of
T-lymphocytes — 2232/mm”’ (82 %), CD," -
2024 cells) mm® (74 %), a significant de-
crease in CD,” — 197 cells/ mm’ (7 %),
a change in the ratio CD,” / CD, = 0.10.

When examining the patient for viral
hepatitis, serological markers for hepatitis B
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were not detected. Antibodies to HCV (IgM
and IgG) and anamnestic antibodies to cy-
tomegalovirus were found. Quantitative de-
termination of HIV-1 RNA by PCR was
240 copies/ml.

PET/CT scans performed in dynamics
revealed a neoplastic lesion of the right
wing of the nose with increased metabolic
activity, focal soft tissue thickening in the
right frontal region with low metabolic ac-
tivity (metastases?), focal changes in the
lungs, the largest ones with low fixation of
fluorodeoxyglucose, probably metastases,
multiple foci of fluorodeoxyglucose fixation
in the shin skin.

Pathohistological examination of the
skin biopsy specimen from the right wing of
the nose revealed the following: the epi-
dermis is slightly thinned, in the dermis

Fig. 1. Lesion of the nose in HIV-associated
Kaposi's sarcoma
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Fig. 2. Purple-brown spots and papules in in the right
axillary area

there are proliferates of round and spindle-
shaped cells around the vessels, the vessels
are dilated, hemorrhages, hemosiderin de-
posits, foci of hyalinosis, infiltration by lym-
phocytes and plasma cells are determined.
Conclusion: the morphological picture cor-
responds to Kaposi's sarcoma.

Diagnosis: HIV infection, stage 4B, re-
mission against the background of antiret-
roviral therapy. Chronic hepatitis C, mild
cytolysis syndrome. Kaposi's sarcoma of the
skin and lungs. Oral candidiasis.

RESULTS AND DISCUSSION

It should be noted that clinical types
of sarcomas are divided into four varieties —
classical, occurring in elderly people, im-

munosuppressive, endemic (African) and
HIV-associated [7]. The case described by
us belongs to the latter type. According to
literature data, HIV-associated Kaposi's sar-
coma develops at the age of 40, more often
in men, and in 95 % of cases is accompa-
nied by skin manifestations, with the clini-
cal picture beginning with lesions of the
face skin, upper extremities and mucous
membranes, where small pinkish-red spots
similar to insect bites form, which was also
recorded in this patient [8; 9]. Foreign re-
searchers note that as the disease pro-
gresses, the spots that have appeared in-
crease to 3-4 c¢m, transforming into nodes
and plaques of cherry-violet-brown color,
spreading to other areas of the skin, and
the elements acquire a yellow halo, which
indicates tumor growth [10]. In addition to
the skin, internal organs can be involved in
the process, more often lymph nodes,
stomach, duodenum and lungs. Visceral
lesions worsen the course and prognosis of
the disease [11]. Thus, the clinical picture
of the disease developed in this patient ac-
cording to the noted studies with a level of
CD,"” T-lymphocytes less than 200/mm"’ of
blood.

The diagnosis was established for the
patient based on the characteristic clinical
picture and histological examination data,
which revealed proliferations of spindle-
shaped cells around newly formed vessels,
lymphocytic infiltration, diapedesis of red
blood cells, and hemosiderin deposits [12].

Healthcare practitioners should remem-
ber that if HIV-associated Kaposi's sarcoma is
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suspected, a comprehensive examination of
patients should be performed to assess the
prevalence of the tumor process: 2 complete
medical examination of the oral and genital
mucous membranes, abdominal ultrasound,
and, if necessary, computed tomography or
magnetic resonance imaging [13].

It is also necessary to conduct differen-
tial diagnosis of the disease with pseudosar-
comas (Mali type and Stewart-—Bluefarb
type), bacillary angiomatosis, pyogenic gra-
nuloma, glomus tumor, sarcoidosis, hema-
tomas, pigmentary urticaria, lichen planus,
cutaneous B-cell lymphoma [14].

It should be noted that treatment of
HIV-associated Kaposi's sarcoma begins
with antiretroviral therapy; if the effect is
insufficient, it is advisable to add chemo-
therapy. At the same time, it must be re-
membered that all known methods of ther-
apy do not lead to a complete cure, but only
provide temporary suppression of the
pathological process [15].

CONCLUSIONS

1. Long-term HIV infection without
antiretroviral therapy contributes to the
development of tumor processes, primarily
Kaposi's sarcoma.

2. Kaposi's sarcoma against the back-
ground of HIV infection is characterized by
primary facial lesions; the pathological
process is widespread and rapidly progres-
sive, affecting internal organs.

3. HIV-associated Kaposi's sarcoma is a
multidisciplinary disease that requires com-
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plex therapy from infectious disease special-
ists, dermatologists, venereologists, and on-
cologists.
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