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ORIGINAL RESEARCH | MICROBIOLOGY

GENOTYPIC CHARACTERISTICS OF BORDETELLA PERTUSSIS, CANDIDATE STRAINS
FOR PRODUCTION OF PERTUSSIS COMPONENT OF VACCINES (STATEMENT I)

Borisova OYu'*™, Andrievskaya IYu', Pimenova AS', Gadua NT', Chagina IA", Borisova AB', Chaplin AV'?, Alekseeva IA?, Kafarskaya LI®
" Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russia

2 Scientific Centre for Expert Evaluation of Medicinal Products, Ministry of Health of the Russian Federation, Moscow, Russia

 Pirogov Russian National Research Medical University, Moscow, Russia

Vaccination is an effective means of preventing pertussis infection. The purpose of this work was to improve vaccines available in the Russian Federation in general
and actualize vaccine strains used for the production thereof in particular. We studied B. pertussis strains isolated in Moscow, Voronezh, Novosibirsk, Ulyanovsk and
Chelyabinsk regions, and eight production strains part of the adsorbed diphtheria-pertussis-tetanus (DPT) vaccine. Multilocus antigenic sequence typing (MAST)
and whole genome multilocus sequence typing (WgMLST) were used for genotyping. We studied cultural morphological, enzymatic, serological, and genotypic
properties of the candidate B. pertussis strains, and compared their genotypic properties to those of B. pertussis vaccine strains from the current composition of the
DPT vaccine. Candidate strains belong to four genotypes: ptxA1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-2/prn2, ptxA1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-2/pm9, ptxA1/
PtxB2/ptxC2/ptxP3/fim2-1/fim3-1/prn1 and ptxA1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-1/prm2. Current vaccine strains were from other six genotypes: ptxA2/ptxB1/
ptxC1/ptxP1/fim2-1/fim3-1/prn1, ptxA2/ptxB2/ptxC1/ptxP2/fim2-1/fim3-1/pr1, ptxA4/ptxB1/ptxC1/ptxP2/fim2-1/fim3-1/prm1, ptxA2/ptxB2/ptxC1/ptxP1/
fim2-1/fim3-1/prn1, ptxA4/ptxB2/ptxC1/ptxP2/fim2-1/fim3-1/pm1 and ptxA1/ptxB2/ptxC1/ptxP1/fim2-1/fim3-1/prm1. With the help of wgMLST, we established
affiliation of all candidate strains of B. pertussis to ST2.

Keywords: Bordetella pertussis, vaccines, genotyping, multilocus antigenic sequence typing

Author contribution: Borisova OY — molecular genetic research, data analysis, literature analysis, manuscript authoring; Andrievskaya IY — molecular genetic
research, data analysis, manuscript authoring; Pimenova AS, Gadua NT, Chagina IA, Alekseeva IA — microbiological research, manuscript authoring; Borisova AB,
Kafarskaya LI — literature analysis, data analysis, manuscript authoring; Chaplin AV — bioinformatic and phylogenetic analysis, manuscript authoring.
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FEHOTUMNYECKAA XAPAKTEPUCTUKA LUTAMMOB BORDETELLA PERTUSSIS — KAHOWOATOB 1A
NMONYHEHUA KOKMIOLLHOIMO KOMIMOHEHTA BAKLIMHHBIX NMPEMAPATOB (COOBLLIEHUE 1)

O. KO. Bopucosa'*=, . KO. AHgpueBckas', A. C. NumeHosa', H. T. lTapya', V1. A. HaruHa', A. Bb. Bopucosa', A. B. Hannumr'S, . A. Anexkceesa?,
1. N. Kadhapckas®

T MOCKOBCKMIA Hay4YHO-UCCNeOoBaTeNbCKNIA MHCTUTYT 3NMAEMUONONAN U MUKpOoBK1onorun menn . H. fabpuyesckoro, Mocksa, Poccus
2 Hay4HbIl LEHTP 9KCNepTu3bl CPEeACTB MeAULUMHCKOro npumerHeHus MuHsgpasa Poccumn, Mocksa, Poccust
3 Poccuicknin HaumoHasbHbI MCCnefoBaTenbCKuin MEAUUMHCKIMIA yHMBEPCUTET nMeHn H. W, Muporosa, Mockea, Poccus

BakumHauusa asngetcs o eKT1BHbIM CPeACcTBOM NpefynpexaeHnsa 3abonesaHns KOKMOWHOM nHdekumen. Lienbio paboTsl 6b110 yCoBEpLLEHCTBOBaHNE
BakLWHHbIX NpenapatoB B PO, B TOM 4ncne akTyanmsauusi Npon3BOACTBEHHbIX BaKLMHHbIX LUTAaMMOB. V3ydanu wrtammel B. pertussis, BblaeneHHble B
r. MockBe, BopoHexckon, HoBocrbrpckom, YnbsiHOBCKON 1 HensbuHckom obnacTsx, 1 BOCEMb MPOWU3BOACTBEHHbIX LUTAMMOB AN aacopbrpoBaHHOM
KOKJTIOLLHO-AndTepuitHO-cToN6HA4HOM (AKAC) BakumHbl. 08 reHOTMIMpOBaHWS MCNOAb30BaN MyBTUIIOKYCHOE aHTUreHHOe CUKBeHC-TunmpoBaHne (MAST)
1 MONHOrEHOMHOE MYSIETUIOKYCHOE CUKBEHC-TUNMpoBaHue (WOMLST). 3ydeHbl KynbTypanbsHO-Mopdonornieckie, epMeHTaHTUBHbIE, Ceponornyeckme 1
reHOTUNMYECKE CBOMCTBA LUTAMMOB B. pertussis — kaHOMAATOB B MPOV3BOACTBEHHbIE BAKLIMHHbIE LUTaMMbI V1 MPOBEAEH CPABHUTENbHBIA aHaNN3 FeHOTUMNHECKIMX
CBOWCTB 3TWX LUTAMMOB ¥ MPOU3BOACTBEHHbIX BaKLWHHbIX LUTaMMOB B. pertussis ans BakumHbl AKOC. KaHgmnoatHble WTaMMbl ABASKOTCS NPeacTaBUTensmMm
YeTblpex reHoTUNOB — PEXA 1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-2/prm2, ptxA1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-2/pm9, ptxA1/ptxB2/ptxC2/ptxP3/fim2-1/fim3-1/pm1
1 ptxA1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-1/prm2. Npon3BOACTBEHHbIE BAKLMHHbBIE LUTAMMbI MPUHAANEXaNM K APYIM LLECTU reHoTUnam: ptxA2/ptxB1/ptxC1/ptxP1/
fim2-1/fim3-1/pm1, ptxA2/ptxB2/ptxC1/ptxP2/fim2-1/fim3-1/prn1, ptxA4/ptxB1/ptxC1/ptxP2/fim2-1/fim3-1/prn1, ptxA2/ptxB2/ptxC1/ptxP1/fim2-1/fim3-
1/pm1, ptxAd/ptxB2/ptxC1/ptxP2/fim2-1/fim3-1/pm1 w ptxA1/ptxB2/ptxC1/ptxP1/fim2-1/fim3-1/prm1. C nomoupto wgMLST ycTaHoBNeHa npuHaaexxHOCTb
BCEX KaHamaaTHbIX LWTaMmoB B. pertussis k ST2.

KnioueBble cnoBa: Bordetella DGITUSSiS, BaKUVHHbIE Mpenaparbl, reHOTUNMpoBaHne, MyNsTUIOKYCHOE aHTUTEeHHOE CUKBEHC-TUMMPOBaHne
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Pertussis is a dangerous disease that may end in a fatality,
especially among newborns and infants [1-3]. Growing
prevalence of pertussis, spread of its severe forms among
babies below 1 year of age, and lethal outcomes underpin
relevance of the study. In 2023, there were 52,727 pertussis
cases registered in the Russian Federation, yielding the

incidence rate of 36.2 per 100,000 population), which is 16.4
times more than in 2022 (2.2 per 100,000 population) and
7.5 times higher than the average long-term incidence rate
(4.8 per 100,000 population). Over 80% of the patients were
children under 14 years of age, according to the Pertussis and
Diphtheria Monitoring Reference Center of G.N Gabrichevsky
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Research Institute for Epidemiology and Microbiology (based
on the analysis of form No. 2 "Information on infectious and
parasitic diseases") [4-6].

Routine vaccination against pertussis in the first year of life
triggers development of immunity and resistance to infection [1, 3].
By the age of 6-7, this post-vaccination immunity weakens.
Starting school, children enter new groups, some members of
which may be infected. In such groups, unvaccinated and
those who have lost their post-vaccination immunity contract
the disease most often, with the latter having it in a light form
with atypical cough [7-9]. Previously, 7 to 17% of prolonged
cough in adolescents have been shown to be associated with
B. pertussis. Various authors estimate that in 75% of cases,
infants under 1 year of age catch this infection from school-age
children [9, 10]. Therefore, vaccination is an effective means of
preventing pertussis in youngest populations.

With the incidence of pertussis on the rise, medical
professionals and researchers have expressed their concerns
about efficacy of the currently applied prevention strategy [11, 12].
The reasons that, most likely, underpin the said rise, are as
follows: large number of parents refusing vaccination of their
infants under the age of 1, which delays the entire vaccination
schedule [2, 6]; growing number of non-immune individuals
among older children; deterioration of specific immunity in
adults [10, 13]; genotypic variability of the pathogen under
selective action of the vaccines [14-23]; spread of B. pertussis
by asymptomatic carriers [24]. In addition, wide adoption of
PCR tests has significantly increased the number of detected
cases of pertussis, which now includes mild, subclinical courses
of the disease, as well as cases registered when investigating
group infections (unpublished data from the Pertussis and
Diphtheria Monitoring Reference Center).

For more than 60 years, DPT vaccine includes a whole-cell
pertussis component. Though highly effective, such component
is reactogenic, which necessitated development of cell-free
vaccines that have been widely used throughout the world since
the second half of the 1990s. These vaccines contain from 1 to
5 purified pertussis antigens (pertussis toxin (PT), filamentous
hemaglutinin (FHA), pertactin (PRN), type 2 and type 3 fimbriae
(Fim2 and Fim3)). Nevertheless, vaccination of the population
cannot fully prevent the spread of pertussis, the incidence of
which is nowadays growing in many countries of the world.
Since the 2000s, against the background of widespread use
of cell-free pertussis vaccine in Europe, Japan, the USA, and
Australia, the prevalence of this disease has been growing, in
some cases — to the point of epidemic outbreaks [https://Awww.
who.int/health-topics/pertussis#tab=tab_1]. According to several
researchers, there is a correlation between preference for such
vaccines and the increasing incidence of pertussis, which
raises a number of questions about the their efficacy and ability
to control the disease [11, 12, 22, 23].

Numerous monitoring studies investigating emergence of
the new strains of B. pertussis have shown that some of them
acquire genetic mutations affecting the structure of protective
antigens, thus granting ability to evade the immune response
[14-23]. Multilocus antigenic sequence typing (MAST) focuses
on changes in the population of B. pertussis. In particular,
genotyping studies gene sequences encoding protective
antigens, including those part of the currently common cell-
free vaccines: ptxA (encodes the S1 subunit of pertussis
toxin), ptxB (encodes the S2 subunit of pertussis toxin), ptxC
(encodes the S3 subunit of pertussis toxin), prn (encodes
pertactin, the adhesive protein), fim2 and fim3 (encode the
fimbrial proteins Fim2 and Fim3, respectively). Pertussis
toxin's promoter, ptxP, is also part of typing isolates, since
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it has been established that the ptxP3 allele enhances toxin
production [25].

In the Russian Federation, both whole-cell and cell-free
pertussis vaccines (as a component of combined preparations)
are common. Thus, the purpose of this work was to study the
biological and genotypic properties of the vaccine candidate
B. pertussis strains.

METHODS

Under regulations of the Russian Federation, Pertussis and
Diphtheria Monitoring Reference Center of G.N Gabrichevsky
Research Institute for Epidemiology and Microbiology receives
bacterial strains of Bordetella and clinical samples obtained
from pertussis patients for the purposes of B. pertussis
verification and genotyping. We selected eight verified strains
of B. pertussis (smooth form phase of development) with
good growth potential, and, as prescribed by the applicable
regulations, studied their morphological, cultural, enzymatic,
serological, and genotypic properties in order to select
candidates to design a pertussis vaccine on. The origin of the
strains was one of the inclusion criteria: they were supposed to
be from various regions of the Russian Federation.

The selected B. pertussis strains were isolated from samples
donated by patients of different ages in 2016 through 2020 in
Moscow, Voronezh, Novosibirsk, Ulyanovsk, and Chelyabinsk
regions. For comparison, we used eight vaccine strains from the
collection of Scientific Centre for Expert Evaluation of Medicinal
Products that are in production of the pertussis component of
DPT vaccine (Table 1).

The strains were cultured on Bordetelagar (State Research
Center for Applied Biotechnology and Microbiology, Obolensk,
Russia), a dense nutrient medium, for 72 hours at +36-37 °C.
The identification of microorganisms relied on their cultural
morphological, tinctorial and biochemical properties. The
cultural and morphological properties of the resulting colonies
were uncovered using a SteREO Discovery V12 stereoscopic
microscope (Carl Zeiss; Germany) with a PlanApo S 1.0 x
FWD 60 mm lens objective and a PI 10 x 23 Br foc eyepiece.
Gram staining (ECOlab; Russia) allowed gauging the tinctorial
properties. The stained smears were examined through an Axio
Scope A1 light microscope with EC Plan-NEOFLUAR 100 x 1.3
lens and Pl 10 x 23 Br foc eyepiece (Carl Zeiss; Germany).

The identification of B. pertussis strains by biochemical
properties was carried out in accordance with the applicable
regulations [26].

To learn the antigenic structure (serotypes) of the strains, we
staged an extended agglutination reaction using pertussis sera
to agglutinogens 1,2,3 dry adsorbed (NPO Microgen; Russia).

We carried out a whole genome sequencing of the
eight strains of B. pertussis currently used for the pertussis
component of DPT vaccine and eight strains of B. pertussis
selected as candidates to design such component on based on
their microbiological and growth characteristics. For this task,
we employed MAST, which enabled analysis of the sequence
of genes encoding protective antigens of the pathogen (pixA,
ptxB, ptxC, ptxP, pm, fim2 and fim3), as recommended in [27]
and relying on the data from GenBank and BIGSdb databases,
and whole genome multilocus sequence typing (WgMLST).

Genomic DNA was isolated from bacterial culture using
the ExtractDNA Blood&Cells kit (Eurogen, Russia). For whole
genome sequencing, we used the GenolLab platform (GeneMind
Biosciences; China) and SG GM kits (Raissol; Russia), as
recommended by the manufacturer. The data were assembled
in SPAdes-3.15.4, the quality of the array was verified with
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Table 1. Genotypic characteristics, vaccine production B. pertussis strains

Ne Ne Piece ISollz'::iZtr;oyr?ar, Yea:::(;zi:gid to Serovar PIXA pixB pixC pixP prn fim2 fim3
1 305 Russia, 1957 1958 1.2.0 2 1 1 1 1 1 1
2 312 Russia, 1959 1962 1.2.3 2 2 1 2 1 1 1
3 475 Russia, 1966 1967 123 4 1 1 2 1 1 1
4 267 Russia, 1967 1968 1.0.3 2 1 1 1 1 1 1
5 38 Russia, 1966 1967 1.2.0 2 2 1 1 1 1 1
6 39 Russia, 1970 1980 123 2 2 1 1 1 1 1
7 345 Russia, 1959 1962 123 4 2 1 2 1 1 1
8 703 Russia, 1970 1976 1.0.3 1 2 1 1 1 1 1

the help of QUAST 5.2.0 (https://github.com/ablab/quast;
Russia). We employed the BIGSdb server to identify alleles of
the genes of interest. For the purpose of comparison of the
nucleotide sequences yielded by MAST, we used the following
reference gene numbers: ptxA gene (ptxA71 (AJ245366), ptxA2
(AJ245367), ptxA4 (AJ245368)); ptxA4 gene (HM185483.1)
(ptxA41, ptxA42); ptxC gene (AJ420987) (ptxC1 (M13223),
ptxC2 (AJ420987)); ptxP, pertussis toxin promoter (ptxP71
(FN252323.1), ptxP2 (FN252322.1), ptxP3 (FN252324.1));
fim2 gene (im2-1 (KT194049), fim2-2 (AJ420988)); im3 gene
(fim3-1 (X51543.1) and fim3-2 (AY464180.1)); prn gene (prn1
(AJO11091.1), prn2 (AJ011092.1), prn9 (AJ315611.1)). To find
the alleles needed to build the tree based on wgMLST, we used
pyMLST 2.1.65 (https://github.com/bvalot/pyMLST /; France).
All complete ST2 genomes available in the NCBI Refseq
public database, as well as the ST1 Tohama as an external
representative, were used for the purpose of comparison. Based
on the sequences of 2974 genes, we compiled the allele profile
of each strain, then calculated the distance matrix reflecting
the number of mismatched alleles between the strains. Using
the distance matrix and the rapidNJ 2.3.2 software (https://
github.com/somme89/rapidNJ; Denmark), we then built the
employing the Neighbor-Joining algorithm.

Two clades were taken from the said tree, one of which
consisted entirely of the candidate strains, while the other
included strain 3-20 and five comparison strains. For these
strains (as well as for Tohama 1), we took sequences of all
2974 studied genes, concatenated and used them to build a
tree applying the Neighbor-Joining algorithm and the Kimura
distance model. This approach was applied to evaluate
bootstrap support levels in the above-described clades of the
previous tree.

RESULTS

Cultured on Bordetelagar for 72 hours, all eight studied
strains of B. pertussis developed convex round shiny smooth
surface colonies of grayish-white color, up to 1.5 mm in size,

Table 2. Genotypic characteristics, candidate B. pertussis strains

with oily consistency, which could be easily removed by a
loop. Observing the colonies through a SteREO Discovery
V12 stereoscopic microscope with a PlanApo S 1.0 x FWD
60 mm lens and a Pl 10 x 23 Br foc eyepiece (Carl Zeiss;
Germany), we noted a narrow beam of light ("tail") radiating
from their centers. Microscopy also revealed small randomly
arranged gram-negative rods. All studied strains of B. pertussis
exhibited catalase and oxidase activity, did not grow on blood
and meat-peptone agar, did not produce enzymes tyrosinase
and urease, did not grow on Simmons' citrate agar, did not
reduce nitrates to nitrites, and were immobile. Considering
the antigenic structure, all studied strains of B. pertussis
had agglutinogen 1 (species feature), and agglutinated with
adsorbed type-specific sera to agglutinogens 1,2,3 not lower
than 1 : 280. The production vaccine strains belonged to three
different serotypes: 1.2.0, 1.0.3 and 1.2.3; candidate strains to
two serotypes: 1.0.3 and 1.2.0 (Tables 1, 2).

By the sequence of the ptxA gene, which encodes S1 subunit
of pertussis toxin, most of the production strains of B. pertussis
correspond to the two alleles of ptxA, ptxA4 and ptxA2, and
only one production strain has the ptxA7 allele, like all current
candidate strains. The ptxA7 allele differs from other alleles by
significant mutational changes with amino acid substitution in the
T-epitope of pertussis toxin's S1 subunit (nucleotide positions
204, 586, 668 and 96), which has a continuous immunodominant
structure recognized by monoclonal protective m-antibodies
(MAT). The ptxAT allele differs from the ptxA4 allele at positions
D68E, 1228M and 1232V, and differs from the ptxA2 allele at
position 1228M [12, 27].

By the sequence of the ptxB gene, which encodes
pertussis toxin's S2 subunit, three production strains of
B. pertussis correspond to the ptxB7 allele of the gene, and
most production strains (five) and all current candidate strains
have the ptxB2 allele. The ptxB1 allele differs from the ptxB2
allele by the changed G18S in the S2 subunit of pertussis toxin.

Studying the ptxC gene, which encodes S3 subunit of the
pertussis toxin B complex, we found strains of two nucleotide
sequence variants, ptxC7 and ptxC2. All production vaccine

Ne Ne Piece Year of isolation Serotype PixA ptxB ptxC ptxP prn fim2 fim3
1 16-16 2016 1.0.3 1 2 2 3 2 2 2
2 31-2-17 2017 1.0.3 1 2 2 3 9 2 2
3 25-16 2016 1.03 1 2 2 3 2 2 2
4 37-18 2018 1.2.0 1 2 2 3 2 2 1
5 30-18 2018 1.03 1 2 2 3 2 2 2
6 1-20 2020 1.0.3 1 2 2 3 2 2 2
7 2-20 2020 1.0.3 1 2 2 3 2 2 2
8 3-20 2020 1.2.0 1 2 2 3 2 2 1
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Fig. Phylogenetic tree of bacteria of ST2 type based on wgMLST. Vaccine candidate strains are gray dots. Sections of the tree containing these strains are
presented magnified on the right, with bootstrap support levels marked in the nodes (only values above 70). The ring diagram does not show lengths of branches
because some strains have abnormally long branches. Letter T denotes the Tohama | strain used as an external representative

strains of B. pertussis carry the ptxC1 allele, while all current
candidate strains have the ptxC2 allele, which differs from the
ptxC1 allele by a replaced nucleotide at position C681T, this
replacement entailing no changes at the amino acid level.

Although ptxP, pertussis toxin's promoter, is not part of the
cell-free vaccine, it is usually used in strain typing as a marker
of the emerging genetic lineage that has spread throughout the
world [14-23, 27]. Analysis of the ptxP region's sequence has
shown that the studied strains have three ptxP alleles: ptxP1,
ptxP2, and ptxP3. Five B. pertussis vaccine production strains
carried the ptxP1 allele, three — ptxP2 allele, and all candidate
strains carried the ptxP3 allele. This allele differs from ptxP17
and ptxP2 by a mutation at position -65, which reinforces
binding to the BvgA dimer and thus increases production of
the pertussis toxin [25].

Sequencing of the fim3 gene, which encodes fimbrial
protein Fim3, revealed two variants of the nucleotide sequence,
fim3-1 and fim3-2. All vaccine production strains were found
to carry a similar fim3-1 allele, six candidate strain — fim3-2,
and two remaining candidate strains — fim3-1. The nucleotide
sequence of fim3-2 differs from that of fim3-71 allele by a
significant mutation, which entails changes at A87E in the Fim3
protein molecule.

Sequencing of the fim2 gene, which encodes fimbrial
protein Fim2, revealed two variants of the nucleotide sequence,
fim2-1 and fim2-2. All production strains had a similar allele,
fim2-1, and all candidate strains of B. pertussis — fim2-2. The
identified allelic variants of fim2-1 and fim2-2 differed in R174K
of Fim2 protein molecule.

The prn gene contains about 2800 bases that encode a
large adhesive precursor protein: the 5' gene end encodes a
part of the pertactin precursor that is exported from the cell,
while the 3' end encodes the integral outer membrane protein
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that enables the export. Sequencing of the pertactin (orn) gene
in the studied B. pertussis strains revealed three variants of its
alleles, prm1, prn2 and prn9, with prn1 identified in the vaccine
production strains, and prn2 and pr9 — in 7 and 1 candidate
strains, respectively. The nucleotide sequences of the prn2 and
prn9 alleles differ from that of the prn7 allele: the former contain
significant mutational changes in six positions (828, 831, 832,
833, 834 and 836), which entail V279G and A278F substitutions
on the amino acid level. The pm2 allele's nucleotide sequence
has an insert in the 15 bp, GGCGGCCTCGGTCC in the gene's
15t region (positions 841-855), and the gene's prn9 allele has an
extra fragment in the 30 bp, GGCGGCCTCGGTCCTCGGTCC
(1%t region, positions 841-871). All changes in the prn2 and
prn9 alleles are in the Prn protein's 1st and 2nd regions, which
are immunogenic and participate in the development of the
B-cell immune response.

This study has shown that all vaccine production strains
belong to six genotypes: ptxA2/ptxB1/ptxC1/ptxP1/fim2-
1/fim3-1/prn1,  ptxA2/ptxB2/ptxC1/ptxP2/fim2-1/fim3-1/
pm1, ptxA4/ptxB1/ptxC1/ptxP2/fim2-1/fim3-1/pm1, ptxA2/
pitxB2/ptxC1/ptxP1/fim2-1/fim3-1/prn1, ptxA4/ptxB2/ptxC1/
ptxP2/fim2-1/fim3-1/pr1 and ptxA1/ptxB2/ptxC1/ptxP1/
fim2-1/fim3-1/prn1 (Table 1). Candidate strains belong to four
genotypes: ptxA1/ptxB2/ptxC2/ptxP3/fim2-2/fim3-2/prn2,
PIXAT/ptxB2/ptxC2/ptxP3/fim2-2/fim3-2/prn9, pixA1/ptxB2/
pPIxC2/ptxP3/fim2-1/fim3-1/prn1 and  ptxA1/ptxB2/ptxC2/
PtxP3/fim2-2/fim3-1/prm2 (Table 2).

Based on the candidate strains' complete genome
sequences, we have built a phylogenetic tree that shows
the evolutionary position of these strains among all the
representatives of the ST2 sequence type (Figure). It was
established that all of them, except one, form a single cluster,
apparently inherent in the Russian Federation.
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DISCUSSION

Allthe B. pertussis genome sequences learned in the context of
this study were added to the National Catalog kept by the State
Research Center for Applied Biotechnology and Microbiology
as part of the Federal Project "Sanitary Shield of the Country —
Health Safety (Prevention, Detection, Response)."

Long-term monitoring of the genotypic properties of
B. pertussis has shown that more than 60 years of routine
immunization of children triggered spread of pertussis
pathogens with new genotypes (allelic profiles) [14-16], which
is consistent with the changes in the genetic structure of
B. pertussis protective antigens registered worldwide [18-23].
Studies conducted in different countries of the world have also
revealed genotypic differences between vaccine production
strains and circulating pertussis pathogens [11, 18-23, 28, 29].

This study describes and suggests as candidates eight strains of
B. pertussis that belong to four different genotypes different from the
currently used DPT vaccine production strains. Graduation of these
candidates to vaccine production strains requires animal studies
designed to investigate their immunobiological, hemagglutinating,
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Radical tumor resection is still the most effective treatment method for brain tumors. The problems of intraoperative monitoring are currently solved using positron
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OMPELENEHUE ONTUMAJIbHbBIX MAPAMETPOB MPELBAPUTENIbHON OBPABOTKU JAHHbIX
MACC-CNEKTPOMETPUW C NMPAMOWN MOHU3AUMEN B HENPOXUPYPIUN

[. C. 3aBopoTtHiok'=, A, A. CopokuH', [. C. BopmoTos', B. A. Enndepos’, K. B. Bodapogr?, C. W. Mekos'34, . A. MNMonos'*
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4 CnbMpCKIIA rocyAapCTBEHHbIN MEAVUMHCKMIA YHNBEPCUTET, ToMCK, Poccust

PanukanbHoe yaaneHme onyxonu 1o Cux nop ocTaetcs Havbonee atheKTVBHBIM METOLOM NIeHEHNST OHKOMIOMMHECKMX 3a60/1eBaHNIA rONOBHOMO Modra. 3afaqum
VHTPaoMNepaUMoHHOrO MOHUTOPUHIA Ha CErOAHSLUHMIA AeHb PELLIAIOT C MOMOLLIBHO MO3UTPOHHO-3MUCCUOHHOM TOMOrpadunm, MarHUTHO-PE30HaHCHON TOMOrpadun
1 TUCTOXVIMUYECKOrO aHanm3a, OfHaKo OHW TPebyroT MPUMEHEHWS NOPOroCTosLLEro 060PYA0BaHNS BbICOKOKBANMMULMPOBAHHBIM NePCOHANOM, NOSTOMY A0
CUX MOP HE MOJYYNIM LUMPOKOrO PacnpoCcTpaHeHus. B KadecTBe anbTepHaTBbl BO3MOXHO NPYMEHEHNE METOL0B Macc-CneKTpoMeTpun 663 Npo6onoaroToBKM
C NOCNefyHoLYIM aHaIM30M MaCC-CrNEKTPOMETPUYECKMX AaHHBIX METOLAaMM MALLMHHOMO 00y4eHVst. Tak Kak IS MacC-CreKkTpoMeTpun 6e3 npobonoaroToBKu
xapakTepHbl 6bonee boraTble 1 pasHoobpasHble Mo KONMYECTBY MUKOB CMEKTPbI, ee NpUMeHeHne TpebyeT crneuvanbHoN npeasapuTenbHol 06paboTkm
aKcnepvMeHTanbHbIX AaHHbIX. Llenbto nccnemosaHnst 6bino paspaboTaTb MeToAbl ONpPeaenieHnst onTUMasibHbIX 3HAYEHW NapamMeTpoB NpeaBapuTeibHOM
06paboTKN AaHHBIX Macc-CrekTpoMeTpun 6e3 NPobonoAroToBKU. B paboTe nmpeAcTaBneHbl ABa Takvx METOAA, a TakKe NpvBeneHbl KOHKPETHbIE 3HAYEHUs
napamMeTpoB 15 AaHHbIX, MOyYeHHbIX C MOMOLLbO Macc-crniekTpomMeTpa Thermo LTQ XL Orbitrap ETD.

KrntoueBble cnoBa: Macc-CriekTpOMETPUS, MpsiMast MoHM3aLMs, aHanma faHHbIX, npegsapuTenisHas o6paboTka AaHHbIX
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Ambient ionization mass spectrometry represents one of the
promising methods to improve accuracy and completeness of
the glial tumor resection, since radical tumor removal is currently
the most effective treatment method for brain tumors [1].
However, there is a problem of identifying the tumor margins in
order to ensure resection completeness for relapse prevention
on the one hand and prevention of excessive resection and
development of neuropathological sequelae on the other hand
[2]. The main universal methods to ensure intraoperative control
of the resected tumor margins still include positron emission
tomography—computed tomography (PET-CT), magnetic
resonance imaging (MRI), and histochemical analysis, since
other methods, such as fluorescence staining, can turn out to
be non-specific for certain diagnoses. However, these methods
are time-consuming, and tomography is also expensive due to
the need to equip the specialized surgical units [3].

Ambient ionization mass spectrometry (MS) makes it
possible to quickly acquire the data on the molecular structure
of the sample [4-6]. However, today, the vast majority of
computational tools to deal with mass spectrometry data
involve working with the spectra acquired by tandem MS
coupled with gas/liquid chromatography. These data are
distinguished by the fact that the number of peaks per scan
of such a spectrum is much less than the number per scan
obtained by ambient ionization MS [7, 8]. When using ambient
ionization MS, the sample preparation simplicity and analysis
speed make it possible to acquire far more complex mass
spectra, i.e., large amounts of data within minutes. At the same
time, the analysis of such data requires the use of automated
processing methods and complex analysis algorithms [9-11],
therefore, great attention should be paid to the data quality
control and pre-processing [12].

Mass spectrometry data are the time-ordered sets of scans.
Each scan represents the profile of the ion current intensities
accumulated by the instrument over a certain time that is
ordered on the mass-to-charge ratio (m/z) scale. In the pre-
processing phase, it is necessary to transform this scan into
the set consisting of intensities and m/z values of the detected
peaks. Usually, this is achieved through implementation of such
steps as normalization of intensity values, noise determination
and elimination, peak position determination and alignment
[13-15]. The great diversity of approaches to MS data processing
suggests that the above steps should be implemented with
various parameters depending on the nature of samples used
in the study, mass spectrometer construction, ion acquisition
mode, and the type of further analysis.

The paper describes the method to determine the mass
spectra pre-processing parameters in order to ensure
unification of mass spectrometry data for further automated
analysis on the example of the experimental data obtained by
mass spectrometry without sample preparation when assessing
human brain tumor tissue samples.

METHODS

The study involved mass spectrometry data acquired when
processing brain tissue samples of the individual diagnosed
with glioblastoma and grade IV astrocytoma (according to the
2021 WHO classification [16]) and non-neoplastic samples
obtained during surgical treatment of drug-resistant epilepsy.
A total of 307 tissue samples obtained from 74 patients were
assessed. The data were acquired using the Thermo LTQ XL
Orbitrap ETD mass spectrometer (Thermo Fisher Scientific;
USA) with an inline cartridge extraction [3, 17]. Each sample
was separated into two parts. The first part was sent for

standard histochemical analysis to obtain a medical record
on the sample, while the remaining part was used to extract
three fragments, about 1 mm? each, to be subjected to
mass spectrometry analysis. The mass spectrometry protocol
involved the analysis and detection of ions in eight different
modes, each of which was characterized by the ions’ polarity,
detector resolution and bandwidth of the registered ions’ m/z.
lon acquisition was performed twice in each mode.

The experimental data acquired were pre-processed using
different values of the parameters described in the Results
section. The pre-processing procedure involved peak intensity
calibration, peak alignment relative to the scan showing
maximum total ion current (TIC), reciprocal alignment of peaks
among scans performed in the same mode of ion detection
and filtration of rare and low-intensity peaks. Distinct scan sets
were obtained for each ion detection mode. Each set of scans
was transformed into the matrix of peak intensities used to train
a classification model. When training the models, the matrix
columns containing distributions of peak intensities across all
scans of the appropriate mode were used as predictors, while
the patients’ histological diagnoses were used as response.
The mass spectrometry data acquired for brain tissue samples
of 33 patients diagnosed with glioblastoma and seven patients
diagnosed with non-neoplastic disorders were used to train
and validate the models. The dataset available for each mode
was divided into the training and validating groups in a ratio
of 3 : 1, respectively; division was implemented in such a way
that different scans of the same sample were present in both
groups, to reduce model overfitting.

The data were analyzed using the computer running Ubuntu
16.04 with the installed R package v. 3.4.4 and R packages
MALDIquant [18], caret [19], glmnet [20], ggplot2 [21]. For that
the data received from the mass spectrometer were converted
from the source Thermo Finnigan format to the open NetCDF
format [22] using the in-lab developed software tool [23].

RESULTS

In 2012, it was shown that the differences between mass
spectra of tumors and non-neoplastic brain tissues could be
used for construction of the classifiers for automatic recognition
of cancerous tissues in biopsy samples [24]. Fig. 1 demonstrates
peaks of two mass scans of the tissue samples obtained from
the patients diagnosed with glioblastoma and non-neoplastic
disorders.

The mass spectrometry data pre-processing procedure
consists of several phases. In the first phase, noise is assessed
and the signal-to-noise ratios are determined for all scans:

/

SNR = /S )

n

where /_is signal intensity, /. is noise intensity. There are several
methods to determine the digital data noise intensity, for
example, using mean absolute deviation (MAD) or regression
with adaptive bandwidths (Super Smoother) [25]. In the
subsequent phases, the low-intensity peaks with the signal-to-
noise ratios lower than the specified SNR value are excluded
from the spectrum. Positions of maxima within the scan may
vary slightly under exposure to variable environmental factors
and occasional fluctuation. In the next phase, alignment of
profiles in different scans is performed to compensate for
such changes. The scan showing maximum TIC is used as
a reference one, since it is assumed that this scan has the
largest number of reported ions, and its profile comprises
the largest number of various ion peaks. Here every profile is
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Fig. 1. Comparison of peaks in mass scans of neoplastic tumors and non-neoplastic specimens samples

subjected to alignment along the m/z axis to become as similar to
the reference profile as possible. The maximum permissible value
of such alignment is specified using the alignment tolerance (TA).
Then peaks are detected: the scan profile is converted into the set
of individual peaks. For that the entire profile is divided into several
parts. The size of each part is determined by the half window size
(HWS) representing the range of m/z points, within which the search
for a point with the maximum intensity value is carried out. This point
is designated as a peak in this part of the profile. Then positions
of identical peaks are aligned across the entire set of scans. Here,
peaks, the differences in m/z between which do not exceed the
tolerance specified when detecting peaks (TBP), are considered to
be identical. In the final phase, rare peaks are removed, and peaks
of all scans are combined into the common matrix of intensities.

Thus, as a result of mass spectrometry data pre-processing,
the matrix is produced [26], the number of rows in which
is determined by the number of scans obtained during the
experiment, while the number of rows represents the combined
number of peaks from all scans. It is clear that the above
parameters (SNR, TA, HWS, and TBP) have a significant impact
on the number of peaks in the matrix of intensities and the
question, which values these parameters should take in each
particular ion acquisition mode, is not trivial.

In the classic tasks to determine the model that best
describes experimental data [27, 28], the information criteria
[29] are used and the extreme values of this criteria correspond to
optimal values of the set of model construction criteria obtained
with the regularization method. In our study, the minimum
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value of the classic Akaike information criterion (AIC) [30] was
used to determine the optimal SNR value. Optimality of other
parameters (HWS, TA and TBP) was determined based on the
manual evaluation of spectra processing quality.

SNR parameter

The optimal SNR value was determined using the Akaike
criterion of the LASSO classification models. For that we made
a combination of SNR, TA and TBP values, pre-processed the
mass spectra, constructed the matrix of intensities, and then
trained the LASSO model using the matrix and the patient’s
diagnosis as the training data. Training of models involved
5/10-fold cross-validation, and the best model was selected
based on the Accuracy metric. The parameter combinations
were made of value sets:

SNR:={1.5, 2}
TA = TBP:= {20, 200, 2000}

The combination of parameters, with which the resulting model
had the lowest AIC value, was named optimal. The optimal
parameter values are provided in Table 1.

To prevent the emergence of negative noise intensities in the
scan, 100 nulls were added to the set of points (M/Z, Intensity)
on the left and on the right. As a result, the noise signal was
evaluated in the broader range of M/Z values with a constant
number of significant peaks in the spectrum.
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Table 1. Optimal SNR values, which correspond to the LASSO models with minimal AIC values

Scanning mode SNR TA = TBP, ppm
Negative, High, 120-2000 20
Negative, High, 500-1000 2000
Negative, Low, 120-2000 20
Negative, Low, 500-1000 2000
Positive, High, 120-2000 2000
Positive, High, 500-1000 2000
Positive, Low, 120-2000 20
Positive, Low, 500-1000 2000

HWS, TA, TBP parameters

Optimality of the HWS, TA and TBP parameters was
determined by manual evaluation of spectra processing quality.
The interactive Shiny application Mass-Spectrum Observer
allowing one to explore, how the spectrum shape, peak
positions and characteristics of the intensity matrix of certain
mass scan change with changing values of these parameters,
was developed for this purpose. The application source code
is available from GitHub repository [31], and the application
demo version is available from the open access library of
Shiny applications [32]. The screen-captured images of the
application are provided in Fig. 2 and 3.

The lists of possible HWS, TA and TBP values were
determined, and the mass spectrometry data pre-processing
procedures were applied to each combination of these values
in order to obtain separate matrices of intensities for each ion
acquisition mode. The TBP parameter was proportional to the
TA parameter with three possible proportionality coefficient
values. The lists of parameter values are provided in Table 2.

The number of columns corresponding to the total
number of peaks obtained from the mass scan profiles was

X Resulted spectra
Input spectra file
Select spectra file from ScalpelDB inSize 9, TAlgr: 26.08 TolBinPeaks:

1557/19, 53, Diag_id 3, Orbitrap_MIPT, 19_03_11, 54.cdf v 003

.. or select file from local folder 0025

Browse.

Select experiment protocol

Defined by spectra file v oot

Processing parameters a0
fon acquisition mode

Neg.LowRes.100-2000 J]
MS scan number

2
MS scan position to the left

10
MS scan position to the right

10

Wz range:
5 @ @ 2
Signalivoise raio

2

halfwindowsize

.

Mass peak tolerance align

0.0002

Mass peak tolerance binPeaks

0,0002

Spectra file: 1557/19, s3. Diag_id 3, Orbitrap_MIPT, 19_03_11, 54.cdf
Haitwi 20.04, SNR: 2

determined for each matrix of intensities. Furthermore, when
constructing the intensity matrix, we determined the number of
peaks located close to each other in the resulting spectra. When
the distance between peaks was smaller than two instrument
resolutions during detection of ions in this mode, the peaks were
considered as probably duplicate. Such peaks can emerge during
conversion of the scan profiles into the sets of individual peaks,
for example, within the same scan at too low HWS values, with
the result that the intensity spike that is relatively broad on the m/z
scale is represented by several spectral peaks, or in the scans of
the same file at low TBP values, due to which the algorithm
cannot compile the list of identical peaks from different scans.
The duplicate peaks were determined within the same scan, in
all scans of the same tissue specimen sample used for mass
spectrometry analysis, and among all peaks of the intensity matrix.
Peak duplication was defined based on the mass spectrometer
resolution in this ion acquisition mode; the value of 800 at
m/z = 400 was selected for the low-resolution mode, the value of
30,000 at m/z = 400 was selected for the high-resolution mode.

The reference HWS, TA and TBP values that were later
subjected to manual evaluation performed using Mass-
Spectrum Observer were determined based on the changes

Raw scan# 14, 24, 34, retention time: 9.946, 17316, 25.24, points count 2473

| Peaks scan 14, 24, 34, retention time: 9.946, 17.316, 25,24, peaks counts 62

Aligned spectra scan# 14, 24, 34, retention time: 9,946, 17.316, 25.24, points counts 2473

Fig. 2. Screen-captured image of the Mass-Spectrum Observer application window with the spectrum pre-processing parameter control panel

Table 2. Possible HWS, TA, and TBP values

Parameter Values for high resolution Values for low resolution
HWS 3,57} {7,9,11,13,15,17,19}
TA, ppm {1, 20.8, 40.6, 60.4, 80.2, 100, 208, 406, 604, 802, 1-10%} {100, 325, 550, 775, 1-10%
TBP =m-TA m:={0.1,1, 10}
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Fig. 3. Screen-captured of the Mass-Spectrum Observer application window with the plots corresponding to the spectra yielded after applying the pre-processing

procedure

in these four indicators in accordance with the processing
parameters. The manual evaluation results are provided in Table 3.

DISCUSSION

The findings show a close relationship between the ambient
jonization mass spectrometry data pre-processing parameters
and the quality of acquired spectra. The SNR parameter makes it
possible to reduce the number of peaks in the resulting spectrum.
However, attention should be paid to the presence of the negative
estimate of noise signal values that may occur in the border
spectral regions as an artifact. When detecting peaks in the profile,
the noise estimate is used to determine peak intensity in this region
of the profile, so negative noise can result in the emergence of the
excessive number of peaks in the spectrum. This may not matter
much in case of ion detection in the broad M/Z range (for example,
120-2000), but may be significant for the narrow range of 500-1000.
In some cases, it is possible to eliminate such artifacts by fine-
tuning the Super Smoother method (for example, by changing
the smoothness degree during approximation or by narrowing the
profile region, for which noise estimation is performed). However,
these methods can yield different results for each particular mass
scan, therefore the method of false dataset expansion was selected
as a more sustainable method to eliminate negative values.

The HWS, TA and TBP values should be selected based
primarily on the instrument resolution. The increase in half window
size during the profile conversion into the intensity matrix enables

Table 3. Optimal HWS, TA and TBP values acquired by manual evaluation

elimination of artifact and duplicate peaks on the one hand (Fig. 4),
but on the other hand the too high values of this parameter lead
to exclusion of significant peaks from the subsequent analysis
(Fig. 5). The values of peak position tolerance at alignment and
detection are also closely related to the half window size and,
therefore, to resolution, as well as to other mass spectrometer
features resulting from the mass drift and the signal digitization
methods. Furthermore, the TBP value should not be less than
the TA value, since such configuration of values always results in
the increase in the average number of possible duplicate peaks.
This is due to the fact that the algorithm does not have enough
tolerance for shift of identical peaks in different scans to eliminate
duplicate peaks even after alignment of all scans relative to the
scan with the highest ion current. It should be also noted that
changing the width of the range without changing resolution
and polarity of the detected ions has no significant effect on the
parameter values, which is considered the expected result.

CONCLUSIONS

We developed a universal approach to determining the optimal
parameter values for pre-processing of the data acquired
by ambient ionization MS. The use of this approach was
demonstrated on the data acquired by assessing human
brain tissue samples using the Thermo LTQ XL Orbitrap ETD
mass spectrometer. The approach developed can be used to
determine the optimal parameter values for pre-processing

lon asquisition mode TA, ppm TBP, ppm HWS

Negative, High, 120-2000 40.6 40.6 3
Negative, High, 500-1000 60.4 60.4 3
Negative, Low, 120-2000 775 7.75x 103 13
Negative, Low, 500-1000 1x10° 1x10° 13
Positive, High, 120-2000 60.4 60.4

Positive, High, 500-1000 60.4 60.4 3
Positive, Low, 120-2000 1x10° 1 x 10 13
Positive, Low, 500-1000 1x10° 1 x 104 13
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Fig. 4. Determining peak positions. The emergence of peaks, the distance between
which in the wide-range low-resolution mass scan of negative ions obtained
at suboptimal processing parameter values is less than two resolutions of the
instrument in this ion detection mode (duplicate peaks)

of the data acquired when assessing samples of other types
using other mass spectrometry equipment. The findings show
that it is necessary to thoroughly adjust the mass spectrometry
data processing parameters when using ambient ionization MS
in the clinics as the faster and more affordable alternative to
conventional intraoperative monitoring methods. Parameters
have to be determined considering the mass spectrometer
and research conditions. In particular, the SNR parameter
determining the number of peaks in the resulting spectra
should be selected based on the assessed tissue type and
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SPATIAL ORIENTATION PARAMETERS OF FACE IMAGE RECOGNITION AS PREDICTORS
OF LIVER FAILURE SYMPTOMS IN ADOLESCENTS

Nikishina VB, Petrash EA®, Engel EYa, Simonenko IA, Shagina ED
Pirogov Russian National Research Medical University, Moscow, Russia

Functional assessment of higher mental functions in case of intoxication or during treatment will make it possible to identify predictors of the symptoms of hepatic
encephalopathy associated with portal hypertension. The study was aimed to determine the diagnostic predictors of the emergence of the earliest symptoms of
hepatic encephalopathy in adolescents with portal hypertension. The study involved 60 adolescents aged 13-17 years: 28 males, 32 females. The experimental
group included 30 adolescents with the diagnosis K76.6 Portal hypertension, unspecified form. The control group included 30 adolescents with normal somatic
status, who had no mental disorders, traumatic brain injuries or severe infectious diseases of the brain (based on the records of the annual check-up). The studied
groups were matched by sex, age, and social status. The proprietary method, Tobii EyeX hardware and software system (GazeControl software), and Cambridge
Face Memory Test for Children (CFMT-C) were used. It has been found that recognition of single face images, multiple face images, and multiple face images
camouflaged with noise by adolescents with portal hypertension is associated with the greater efforts (manifested in the increased number and duration of gaze
fixations), than recognition of the above by adolescents with normal somatic status. The accuracy of recognition of single face images, multiple face images, and
multiple face images camouflaged with noise shown by adolescents with portal hypertension experiencing the toxic effects associated with manifestations of
hepatic encephalopathy is significantly reduced compared to that shown by adolescents with normal somatic status. The results obtained can be considered as the
diagnostic predictors allowing one to trace the changes in the hepatic encephalopathy severity at various stages of treatment (including after surgical intervention).
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MPOCTPAHCTBEHHO-OPUEHTALINOHHBIE MAPAMETPbI Y3HABAHUS N30BPAXKEHWUN
JINL, KAK NMPEANKTOPbI CUMMTOMOB NEYEHO4YHOU HEQOCTATOYHOCTU
Y NOAPOCTKOB

B. B. HuknwHa, E. A. MeTpaww =, E. 4. SHrenb, V. A. CumoHeHko, E. [. LWarvHa
Poccuiickunin HaumoHanbHbI MCCneaoBaTensCKni MeaULIMHCKIMIA yHMBepcuTeT umenn H. V1. Muporosa, Mockea, Poccus

DyHKLWOHabHAsA OLEeHKa N3MEHEHNI BbICLLMX MCUXUHECKNX (DYHKLMIA NMPU MHTOKCMKALVIOHHOM BO3AEVCTBUM, a TakKe B MPOLECCe NeYeHVst MO3BOMUT BbIABUTb
NPEenVKTOPbI CYMMTOMOB MeYeHO4HOM dHLedanonaTuy Npuw nopTanbHON rnepTeH3un. Lienb paboTbl — onpeaeniTb AnarHOCTUHECKNE NPEaNKTOPbI BbISBNEHNS
Hanbornee paHHX CUMMTOMOB MEYEHO4HON 3HLedaionaTn y NMoapOCTKOB C MOPTasbHOW rnepTeHavieit. B nccnenoBaHm y4acteoBanv 60 nogpoctkos 13-17 ner,
28 4enoBeK — MY>KCKOro rnosia, 32 4enoBeka — >KEHCKOro nona. B akcnepymeHTansHyto rpyniy Bowwm 30 NOAPOCTKOB C AnarHo3om K76.6 «[opTraneHas
rUnNepTeHans» 6e3 yToYHeHNs1 (PopMbl. B KOHTPOsBbHYO rpynny BoLLv 30 NOAPOCTKOB C HOPMATVIBHBIM COMATUHECKMM CTaTyCOM 63 NCUXMHECKIX, LiepebpanbHo-
TPaBMaTUHECKMX U TSKENbIX MHDEKLMOHHBIX 3a60MeBaH1iA FOIOBHOMO Mo3ra (Mo pesynsratam 3akitoHeHUn eXKerofHoN ancnaHcepusaumm). Viccnegosatensckmne
rpynnbl ypaBHBaIM MO MOJy, BO3PACTy M coumanbHOMy cTaTtycy. Icnonb3oBany aBTOPCKYKO METOAMKY M MporpaMMHO-annapartHbii komnnekc Tobii EyeX
(MO «GazeControl»), a Takxke KeMbpumKcknii TecT 3anoMuHaHns nvu, ans getein (CFMT-C). YcTaHoBNEHO, YTO y3HaBaHWe eayHUYHbIX, MHOXECTBEHHbIX,
MHOYXXECTBEHHbIX 3aLLYyMIIEHHbBIX M300PaKeHWA L, MOAPOCTKaMK C MOPTaNbHOW MMNepTEH3NEN CONPOBOXAAETCH OOMbLLMMM YCUAMAMA (MPOSBASIOLLWMMCS B
YBEMNHEHNM Kak 4ncna hrkcauni B3rsaa, Tak v nx NpoaomKUTENBHOCTH), YeM NoapOCTKaMmM C HOPMaTVBHBIM COMATUHECKMM CTaTyCOM. TOYHOCTb y3HaBaHNs
€LMHNYHBIX, MHOXXECTBEHHbIX 1 MHOMXECTBEHHbBIX 3aLLyMIEHHbIX N30OPaKEHWI MWL, MPU TOKCUHECKOM BAVSIHAW MPY NPOSIBNEHWM NEYEHOYHON 3HLedanonatum
Yy NOAPOCTKOB C MOPTaNIbHOM MMNepTEH3MeR 3HAYNMMO CHIKAETCSH MO CPaBHEHUIO C MOAPOCTKAMN C HOPMaTVBHBIM COMaTUHECKMM CTaTycoM. [lofnyyeHHble
pesynbTarbl MOXHO paccMaTtprBaTb B Ka4eCTBE AMArHOCTUHECKUX MPEOMKTOPOB, MO3BOSSIOLLMX OTCIEXMBATb W3MEHEHME BbIPKEHHOCTW CUMMTOMOB
NeYeHOYHOM 3HLebanonaTn Ha pasHblX STanax fiedeHrs (B TOM Y1CAe Nocne onepaTmBHOMO BMELLATENLCTBA).

KnioueBble crnoBa: y3HaBaHvie N300PaXeHNin L, NopTanbHas MMNepTeHaVsi, NeYeHouHas sHLedanonaTus, rmasofsuratensHble peakLummn, rkcaumumn B3rmsaa
Bknap, aBTOpPOB: BCE aBTOPb! BHEC/M PaBHO3HAYHbIV BKIaA, B paboTy U HanmcaHue cratbu.

CobniofeHne aTM4eCKNX CTaHJAPTOB: VCCneaoBaHe ogobpeHo atndeckum kommtetom PHAMY M. H. . Tuporosa (npotokon Ne 229 ot 15 masa 2023 1),
NPOBEEHO B COOTBETCTBUM C TpeboBaHuamMn OCHOB 3akoHodatenbctBa «O6 oxpaHe 340pOBbS rpaxzaH»; BCE Y4aCTHVKM noanucany 0o6poBObHOE
MH(POPMMPOBaHHOE cornacue Ha obcnefoBaHve.

><] Ons koppecnoHpeHuun: ExkareprHa AHatonsesHa MNetpatu
yn. OctpoBuTAHOBE, 4. 1, . Mocksa, 117997, Poccus; petrash@mail.ru

Cratbs nony4eHa: 11.03.2024 Ctatbsi npuHATa K nevatu: 17.04.2024 Ony6nukosaHa oHnaiH: 30.04.2024
DOI: 10.24075/vrgmu.2024.015

The search for predictors of the symptoms of hepatic Visual perception represents a combination of the processes
encephalopathy associated with portal hypertension requires  underlying construction of a visual image of the surrounding
functional assessment of the changes of higher mental  environment. It consists of various structural components:
functions under conditions of intoxication and in various phases ~ randomness, focus, hand-eye coordination, visual evaluation
of treatment (including after surgical treatment). skills, analytical and synthetic activity of the visual analyzer,
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perception volume and constance. Formation of the attention,
speech, intelligence functions depends on the visual perception
development. Furthermore, visual gnosis can be divided into
the following subtypes: visual object, simultaneous, color, and
facial gnosis. In turn, facial gnosis reflects the process of face
identification.

The changes occurring in this system under the influence
of morphological and other factors are a significant indicator
and, at the same time, the challenge of the functional
rehabilitation training. A number of somatic disorders that
seem to be nonspecific for brain disorders are associated with
the prominent neurotoxic effects affecting the function of brain
structures.

When solving the problem of the gnostic feature specification
in adolescents with hepatic encephalopathy, we assessed the
prevalence of liver diseases in Russia and found out that 950
individuals per 100,000 population were susceptible to the
diseases of this class in 2016 [1], and 60-70% patients with
chronic liver diseases developed hepatic encephalopathy of
varying severity [2]. It should be also noted that, according to
the data obtained in 2007-2016 by comparing children under
the age of 14 years with the general population in Russia, the
pediatric incidence of some liver diseases exceeded the adult
incidence 1.6-fold [3]. Furthermore, the development of liver
failure is associated with the generalized intoxication affecting
the nervous system [4] that involves the posterior association
area [5] responsible for realization of the face recognition
function, one of the periods of intense development and
differentiation of which is the age between 15-16 years [6].

When assessing the research interest within the framework
of the study of face recognition and the spatial orientation
factors affecting the process, we performed bibliometric
analysis using the eLibrary scientometric database. The depth
of analysis was 10 years (2013-2023). The findings suggest
insufficient study of the subject: the number of publications
reported for the specified period varies between 1-3 scientific
papers per year. Thus, it becomes clear that there is a need to
study the factor of the spatial orientation characteristics of face
images during face image recognition.

Modern domestic concepts of the higher mental function
development patterns, specifics of age development and
ontogenesis of the psyche [7, 8], perceptual processing patterns,
visual perception dynamics and visual phenomena associated
with oculomotor activity [9, 10], as well as conceptual provisions
and empirical studies of the visual spatial gnosis impairment
associated with hepatic encephalopathy [11, 12, 13-16]
provided the theoretical and methodological basis for the study.

Visual gnosis represents the process involving reception
of the featured visual stimuli that pass through the perceptual
filters organized in the existing structures and templates and
are later interpreted based on the earlier experience. Human
face image is a complex social object. The oculomotor activity
associated with face image perception demonstrates a number
of specific patterns related to the distribution of gaze fixations
depending on the goals of the face photo perception and facial
expression. The routes of the gaze associated with face image
perception are cyclic and regular [9, 10, 17, 18].

Portal hypertension (K76.6 according to ICD-10) is a
syndrome of blood pressure increase in the portal venous
system caused by impaired blood flow in the portal vessels,
hepatic veins and the inferior vena cava; along with other
manifestations (splenomegaly, varicose veins in the esophagus
and stomach, ascites), it is associated with the hepatic
encephalopathy syndrome. Impaired liver function also results
in the toxic effects on the central nervous system (CNS, brain)

due to the generalized ammonia and mercaptan intoxication.
The effects of intoxication result in the glial edema, which, in turn,
affect the neurodynamics (impaired nerve impulse transmission
and depression of the CNS function in general) (Fig. 1).

Therefore, the functional impairment resulting from intoxication
leads to the difficulty in realization of higher mental functions.
Hepatic encephalopathy as a symptom of liver failure (acute
or chronic) that belongs to neuropsychiatric syndromes usually
represents a potentially reversible brain function impairment
manifested in psychomotor, intellectual, emotional and
behavioral disorders. Impairment of the visual spatial functions,
specifically face image recognition (facial gnosis), is among the
earliest manifestations observed during the period, when the
other symptoms are subtle. Identification of the above requires
using specific psychometric methods.

The study was aimed to assess the spatial orientation
parameters of face image recognition in adolescents with portal
hypertension.

METHODS

The total size of the research sample was 60 adolescents
aged 13-17 years (according to the WHO ICD), the average
age was 14.7 = 1.54 years; among them 28 were males,
32 were females. The experimental group (EG) included
30 adolescents (14 males, 16 females) with the diagnosis
of K76.6 Portal hypertension (ICD-10) established by
gastroenterologist, among them 16.7% had extrahepatic forms
of hepatic encephalopathy, 83.3% had intrahepatic forms of
hepatic encephalopathy. In the vast majority of cases (90% of
patients), liver failure resulted from the liver disease associated
with viral infection. The other subjects (three individuals)
had congenital liver failure. The control group (CG) included
30 adolescents (14 males, 16 females) with normal somatic
status, who had no mental disorders, traumatic brain injuries or
severe infectious diseases of the brain (based on the records
of the annual check-up available in May 2023). The studied
groups were matched by sex, age, and social status.

Two research method types were used: empirical methods
and methods of quantitative and qualitative data processing.

Empirical methods included the following: clinical structured
conversation method; archival method involving the analysis of
medical history data; method of functional neuropsychological
tests represented by the Cambridge Face Memory Test [13];
test for lateralization of higher mental functions.

The visual gnosis characteristics were assessed using the
Cambridge Face Memory Test for Children (CFMT-C) [19]. This
test represents an adaptation of the initial Cambridge Face
Memory Test version designed for adults. The face stimuli were
chosen from those used in the CFMT version for adults. The
faces represented grayscale images of the children, who posed
with the neutral facial expression. Each face was photographed
from the same three angles in the same lighting conditions
and cropped to remove the hairline and all facial defects. The
presentation procedure consisted of five stages.

Stage 1

The adolescents were offered to sequentially memorize six
faces in three positions with the limited presentation duration
(8 s); then each of three images was displayed together with
two faces (distractions), and the adolescents had to choose
the face they had just seen. Each correct answer of the subject
was assigned one point (the maximum score was 18).

Stage 2

At this stage the adolescents first looked at one screenshot
showing six front views of the target faces for 20 s, then they
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Fig. 1. Scheme of the conceptual model for assessment of the spatial orientation parameters of face image recognition in adolescents with portal hypertension

completed 30 tasks, each of which involved looking at one
target face and two distraction faces; the adolescents decided
which of the three faces was one of the six target faces they
had been offered to memorize. Each correct answer of the
subject was assigned one point (the maximum score was 30).

Stage 3

At this stage the adolescents also first looked at one
screenshot showing six front views of the target faces for
20 s and then completed 24 tasks, each of which involved
looking at one target face and two distraction faces (it should
be noted that the images of both target and distraction were
camouflaged using the preset Gaussian noise value, which
made the process of decision making more difficult than at the
2nd stage). Each correct answer of the subject was assigned
one point (the maximum score was 34).

Stage 4

The adolescents had to identify the appropriate entire
image, displayed together with two distraction faces during
each presentation, by a fragment; the area of the fragment was
increased as the adolescents went through the test (from one
fragment out of 12 to 12 fragments out of 12).

Stage 5

At the final stage, adolescents were offered to sequentially
memorize 10 images of the faces photographed from different
angles, each of the faces was later displayed together with two
distraction faces, and the adolescents had to choose the face
they had just seen. Each correct answer of the subject was
assigned one point (the maximum score was 10).

Eventually, assessment was performed based on the
following parameters: recognition of single face images;
recognition of six face images; recognition of six face images
camouflaged with noise; recognition of fragmented face
images; recognition of single inverted face images (Fig. 2).

The GP3 HD eye tracker (Tobii Eye; Sweden) was used
to assess the characteristics of the subjects’ oculomotor
responses when they passed the face image recognition test.
This model of the device based on the machine vision sensor
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and image processor is used for eye tracking. The model has
the following characteristics: 0.5-1.0 degree of visual angle
accuracy; 150 Hz operation frequency; 5-9-point calibration;
the range of free head movement relative to the calibrated
position within 35 cm (horizontal), 22 cm (vertical), and at least
15 cm on each side. The following parameters were analyzed:
total number of fixations on the stimulus image; number of
fixations on the upper half of the stimulus image; number
of fixations on the lower half of the stimulus image; number
of fixations on the left half of the stimulus image; number of
fixations on the right half of the stimulus image; number of
fixations on the zone between eyes and nose of the stimulus
image; number of fixations on the zone between mouth and
nose of the stimulus image; number of fixations on the area
within the face oval of the stimulus image; number of fixations
outside the face oval of the stimulus image; total duration of
fixations on the stimulus image.

The lateralization profile of functions was assessed using the
following tests for motor and sensory preferences [3; 7]: hand
lock test — the finger of the dominant hand is on top; Napoleon
pose — the finger of the dominant hand is on top; “handset” test —
determining the hand that will reach for the handset and the ear
to which the handset will be put; “look-through-the-telescope”
test — determining the hand that will reach for the telescope and
the eye to which the telescope will be put.

The descriptive, comparative and multivariate statistical
methods were used for quantitative and qualitative data
processing. Mathematical analysis and data interpretation were
performed using the descriptive statistics. The nonparametric
Mann-Whitney U test (p < 0.05) for independent samples was
used for comparative analysis of the ability to recognize static
face images based on the fixation characteristics of oculomotor
responses and the characteristics of face image recognition
depending on the spatial orientation characteristics (image tilt,
completeness) in the group of patients with portal hypertension
and the group of individuals with normal somatic status (since
the distributions of studied traits were non-normal). To determine
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Fig. 2. Examples of the stimulus images used at the stages of the face recognition ability assessment

the factor structure of the static face image recognition based
on the fixation characteristics of oculomotor responses and
the face image recognition accuracy depending on the spatial
orientation characteristics, we performed factor analysis with
varimax rotation in order to determine the factor structure
of the parameters of oculomotor responses associated with
face image recognition considering their spatial orientation
characteristics. Statistical processing was performed using the
Statistica 13.0 software package (StatSoft; USA).
The study design is provided in Fig. 3.

RESULTS

Assessment of the facial gnosis characteristics using CFMT-C
in the group of adolescents with portal hypertension and the
group of adolescents with normal somatic status showed that
the recognition accuracy observed when presenting single
images, multiple images, and multiple images camouflaged
with noise demonstrated a significant downward trend in
adolescents with portal hypertension relative to appropriate
scores of adolescents with normal somatic status (Table).

We revealed significant differences in the facial gnosis
scores obtained when performing the test for recognition of

EG — experimental group,
CG — control group,
HE — hepatic encephalopathy

EG Image spatial orientation characteristics: cG
— completeness

- noise level

single face images between the group of adolescent patients
with portal hypertension and the group of adolescents with
normal somatic status (*p = 0.001),

We also revealed differences in the facial gnosis scores
obtained when performing the test for recognition of multiple
face images (“p = 0.012) and the test for recognition of multiple
face images camouflaged with noise (*p = 0.003) between the
group of adolescent patients with portal hypertension and the
group of adolescents with normal somatic status.

The facial gnosis scores obtained upon presentation of
a single image (recognition accuracy), multiple face images
(recognition accuracy) and multiple face images camouflaged
with noise (recognition accuracy) show a significant downward
trend in patients with portal hypertension relative to appropriate
scores of adolescents with normal somatic status.

The next stage was assessment of the gaze fixation
characteristics (total number of fixations; total duration of
fixations; number of fixations on the upper and lower halves
of face image; number of fixations on the right and left halves
of face image; number of fixations on the zones between
eyes and nose, mouth and nose; number of fixations on the
areas within and outside the face oval of the image) on the
presented stimulus images in the group of adolescents with

Intoxication factor/no intoxication factor

Face image recognition
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Fig. 3. Design of the study of the spatial orientational parameters of face image recognition in adolescents with portal hypertension
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Table. Average face recognition accuracy values in adolescents with portal hypertension and normal somatic status

Mean + standard deviation
Mode (Mo) Median (Me) M +0)
Tests
EG CG EG CG EG CG
0.83
1 0.89 0.94 0.89 0.94 0.87 + 0.09 0.93 + 0.09
0.94
0.53
2 0.57 0.67 0.73 0.83 0.71 £ 0.07 0.79 + 0.07
0.73
3 0.79 0.92 0.75 0.83 0.72 + 0.06 0.76 + 0.07
4 0.42 0.33 0.33 0.33 0.28 £ 0.02 0.26 + 0.02
0.80
5 0.8 0.90 0.8 0.8 0.75 + 0.08 0.78 £ 0.07
1.0

portal hypertension and the group of individuals with normal
somatic status of the same age.

We revealed significant differences in the total number of
fixations on the stimulus images obtained when performing
tests for recognition of single face images (“p = 0.001), multiple
face images (*p = 0.015), multiple face images camouflaged
with noise (o = 0.009) between the group of patients with
portal hypertension and the group of adolescents with normal
somatic status. We also revealed significant differences in the
total duration of fixations obtained when performing tests for
recognition of single face images (*p = 0.035), multiple face
images camouflaged with noise (“o = 0.005), and single inverted
face images ("p = 0.049) between the group of patients with
portal hypertension and the group of adolescents with normal
somatic status (Fig. 4).

The total number of fixations on the stimulus images
obtained when presenting single face images, multiple face
images, multiple face images camouflaged with noise shows a
significant upward trend in the adolescent patients with portal
hypertension relative to appropriate scores of adolescents with
normal somatic status. The total duration of fixations on the
stimulus images obtained when presenting single face images
and multiple face images camouflaged with noise shows a
significant upward trend in the adolescent patients with hepatic
encephalopathy relative to appropriate scores of adolescents
with normal somatic status. Upon presentation of single inverted
images, these, on the contrary, show a significant downward
trend in adolescents with hepatic encephalopathy along with
the increase in adolescents with normal somatic status.

Total number of fixations

12.1

Test 5

Test 4 148

Test 3

Test 2

Test 1

* ‘*
*

o

2 4 6 8 10 12 14 16 18 20
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The next stage was assessment of the gaze fixation
characteristics considering location in the presented stimulus
images according to the criterion of the characteristics’
distribution along the vertical axis (right/left half of the image)
and distribution along the horizontal axis (upper/lower half of
the image).

The study revealed significant differences in the number
of fixations on the upper half of the stimulus image obtained
when performing tests for recognition of single face images
(*p = 0.034), multiple face images (‘o = 0.001), multiple face
images camouflaged with noise (*p = 0.011) between the
group of adolescents with hepatic encephalopathy and the
group of adolescents with normal somatic status. We also
revealed significant differences in the number of fixations on the
lower half of the stimulus image obtained when performing the
test for recognition of multiple face images camouflaged with
noise (o = 0.006) between the group of patients with hepatic
encephalopathy and the group of adolescents with normal
somatic status. There were significant differences in the number
of fixations on the right half of the stimulus image obtained
when performing the test for recognition of single inverted face
images (*p = 0.004) between the group of patients with hepatic
encephalopathy and the group of adolescents with normal
somatic status (Fig. 5).

The number of fixations on the upper half of the stimulus
image obtained when presenting single face images, multiple
face images, multiple face images camouflaged with noise
shows a significant upward trend in the adolescent patients
with hepatic encephalopathy relative to appropriate scores

Total duration of fixations

HEG W CG

Fig. 4. Average total number and duration of gaze fixations associated with face image recognition
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Fig. 5. Average gaze fixation distribution along the vertical (right/left half of the image) and horizontal (upper/lower half of the image) axes in the groups of adolescents

of adolescents with normal somatic status. The number
of fixations on the lower half of the image obtained when
recognizing multiple face images camouflaged with noise
and the number of fixations on the upper half of the image
obtained when recognizing single face images, multiple face
images, multiple face images camouflaged with noise shows a
significant upward trend in the adolescent patients with portal
hypertension relative to appropriate scores of adolescents with
normal somatic status. The number of fixations on the right half
of the image obtained when recognizing single inverted face
images shows a significant downward trend in the adolescent
patients with hepatic encephalopathy relative to appropriate
scores of adolescents with normal somatic status (Fig. 6).

The analysis of the number of fixations on the zones between
eyes and nose, mouth and nose of the stimulus image revealed
significant differences in the number of fixations on the zone
between mouth and nose obtained when recognizing single
inverted face images ("p = 0.006) between the group of patients
with hepatic encephalopathy and the group of adolescents
with normal somatic status. Thus, the number of fixations on
the zone between mouth and nose obtained when presenting
single inverted face images shows a significant downward trend
in adolescent patients with hepatic encephalopathy relative to
appropriate scores of adolescents with normal somatic status.

When performing factor analysis of the structure of
the parameters of oculomotor responses observed during
recognition of face images considering their spatial orientation
characteristics in adolescents with portal hypertension, the
fully explained variance showed that there were 12 factors
explaining 87.3% of variance. However, after the analysis of the
graph of normalized simple stress we decided to include 1-5.7
factors explaining 73.6% of variance in the analysis as the most
significant (Fig. 7).

The conceptual factor parameters are of particular
diagnostic value for analysis of neurointoxication effects:
the recognition accuracy is determined by the distribution
of fixations within the face oval. The spatial orientation factor
suggests that recognition of inverted images is ensured by
evaluation of comparable spatial relationships outside the face
oval. The decrease in the total duration of fixations is correlated
to the recognition accuracy increase, which is indicated by the
temporal factor content.

DISCUSSION
The study has shown that the recognition accuracy observed

when presenting single face images, multiple face images,
multiple face images camouflaged with noise demonstrates
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Fig. 6. Examples of the heatmaps of gaze fixation distribution along the vertical (right/left half of the image) and horizontal (upper/lower half of the image) axes in the groups

of adolescents

a significant downward trend in patients with symptoms of
hepatic encephalopathy relative to appropriate scores of
adolescents with normal somatic status.

Taking into account the results of the empirical study
of the total number of fixations on the stimulus images,
we can say that the parameter demonstrates an upward
trend in adolescents with hepatic encephalopathy relative to
appropriate scores of adolescents with normal somatic status
observed upon presentation of single face images, multiple
face images, multiple face images camouflaged with noise.

Taking into account the results of the analysis of the
total duration of fixations, we can report an upward trend

1

in adolescent patients with hepatic encephalopathy when
comparing with the scores of adolescents with normal somatic
status observed upon presentation of single face images and
multiple face images camouflaged with noise. The opposite
pattern is observed when presenting single inverted images.

The empirical study and comparative analysis of the number
of fixations on the upper halves of the stimulus images allow us
to conclude that the parameter demonstrates an upward trend
upon presentation of single face images, multiple face images,
multiple face images camouflaged with noise in adolescent
patients with hepatic encephalopathy relative to appropriate
scores of adolescents with normal somatic status.

3

Conceptual factor

total number of fixations for test 3 — 0,936;

Spatial orientation factor

Temporal factor

- total duration of fixations for test 1 — -0.807;

total number of fixations for test 2 — 0,906;
total number of fixations for test 1 — 0,886;
total number of fixations for test 4 — 0,878;
fixations on the upper half for test 2 — 0,874;
fixations on the upper half for test 1 — 0,843;
fixations on the upper half for test 3 — 0,838;
fixations on the lower half for test 2 — 0,846;
fixations on the lower half for test 1 — 0,774;
fixations on the zone between eyes and nose for test
1—0,815;

fixations within the face oval for test 1 — 0,692;
fixations on the left half for test 1 — -0,489;
TOYHOCTb y3HaBaHus B npobe 4 — 0,631

fixations outside the face oval for test 5 — 0,828;
fixations within the face oval for test 5 — 0,439;
fixations on the right half for test 5 — 0,429;
TOYHOCTb y3HaBaHus B npobe 4 — 0,426;
TOYHOCTb y3HaBaHusi B npobe 5 — -0,465

total duration of fixations for test 2 — -0.780;
total duration of fixations for test 3 — -0.672;
total duration of fixations for test 5 — -0.454;
total duration of fixations for test 4 — -0.449

Fig. 7. Factor structure of the parameters of oculomotor responses observed during recognition of face images considering their spatial orientation characteristics in

adolescents with portal hypertension
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Comparative analysis of the number of fixations on the lower
halves of the stimulus images suggests that that the parameter
demonstrates an upward trend in adolescents with hepatic
encephalopathy relative to appropriate scores of adolescents
with normal somatic status obtained upon presentation of
multiple face images camouflaged with noise.

Based on the empirical study of the number of fixations on
the upper halves of the stimulus images, we managed to reveal
a declining trend when performing the test for recognition of
single inverted face images in adolescent patients with hepatic
encephalopathy relative to appropriate scores of adolescents
with normal somatic status.

The empirical study of the number of fixations on the
zone between mouth and nose allows us to say that the
parameter demonstrates an upward trend in adolescent
patients with hepatic encephalopathy relative to appropriate
scores of adolescents with normal somatic status obtained
when performing the test for recognition of single inverted face
images.

Thus, the findings are compliant with the oculomotor activity
cyclic and regular nature reported earlier within the framework
of studying the parameters of the oculomotor responses
associated with face image perception [9, 10]. The processes
of face image identification and recognition are characterized
by the fact that fixations are distributed mainly within the face
oval, in the zone between eyes and nose.

After conducting factor analysis in the group of patients
with hepatic encephalopathy, six factors were distinguished.
The first factor included the total number of fixations on the
stimulus images reported for the tests 1-4, number of fixations
on the upper half of the stimulus image reported for the tests
1-3, number of fixations on the lower half of the stimulus image
reported for the tests 1-2, number of fixations on the zone
between eyes and nose, within and outside the face oval, on
the left half of the stimulus image reported for the test 1, as well
as the recognition accuracy reported for the test 4. This factor
was given the name “factor of fixation characteristics”. The
second factor included fixations outside and within the face
oval, on the right half of the stimulus image reported for the test
5, and the recognition accuracy reported for the tests 5 and 4;
this factor was given the name “image tilt and completeness
factor”. The third factor included the total number of fixations
reported for the tests 1-5 and fixations on the stimulus images
outside the face oval reported for the test 1; this factor was
given the name “factor of the total number of fixations”. The
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Contemporary approaches to orthodontic treatment are complex: in complicated cases, they combine removable/fixed orthodontic appliances and surgical
treatment, i.e., extraction of permanent teeth. In order to prevent negative outcomes and complications that can follow correction of dentofacial abnormalities and
deformities, children and adults alike need to be thoroughly examined and prepared to the orthodontic stage of treatment. Many studies point to the relationship
between orthodontic treatment and development of somatic dysfunctions. The purpose of this work was to develop an osteopathic disorders correction algorithm
that can be introduced to an interdisciplinary protocol uniting efforts by an osteopath and an orthodontist with the aim to improve the quality of specialized
orthodontic medical care.
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MPOTOKON MEXXANCLUMIIMHAPHOIO BSAUMOENCTBUA OCTEOIMATA U CTOMATOJIOTA
B NMPOLIECCE OPTOOOHTUYECKOI'O JIEHEHUA

N. A. Arrexapb' &9, E. B. A6pamosa’?, M. A. MocTHnkos®, U. C. Koneuxui®, [. A. Epemu®, E. M. MoctHrkosa?, 3. B. MonysaHosa®, B. W. Antekapk?,
. O. MypaBbes?

" TIOMEHCKINIA UHCTUTYT MaHyanbHOM MegvLmvHbl, TiomeHb, Poccus

2 TIOMEHCKMIA rocyAapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET, TroMeHb, Poccus

3 Poccuinckol HaumoHaubHbIV ccnefoBaTensCKnil MEAMUMHCKIIA yHMBepCUTEeT MmeHn H. W, Muporosa, Mockea, Poccus

4 [NepBbIli MOCKOBCKMI rOCYAapCTBEHHDBIN MeauUMHCKIIA yHBepeKTeT UMern V1. M. CeveHosa (CeveHoBckuMin YHmBepeuTeT), MockBa, Poccus
5 CamapCkmin rocyapCTBeHHbI MeanUmMHCKNiA yHuBepcuTeT, Camapa, Poccurst

CoBpeMEHHOE OPTOAOHTUHECKOE NIEYEHNE HOCUT KOMMIEKCHBIN XapakTep 1 BKOYAET HE TOMbKO UCMONb30BaHNE ChEMHbIX Y HECHEMHbIX OPTOLOHTUHECKMX
KOHCTPYKLMIA, HO 1 ONepaTVBHOE NeYeHne (IKCTPaKLUMIO MOCTOSIHHBIX 3yO0B) B CNOXHBIX Cy4asix. Heobxoaymbl TLaTensHoe obcnefoBaHme v MOAroToBKa
nauvieHToB Nnepeq, OPTOLOHTUHECKMM 3TarNoM NeYeHns AN NpoUNakTVK OTpUUaTeNbHbIX PE3YBTATOB U OCNOXHEHUNIA KOPPEKUMM 3yO0HENOCTHBIX aHOMaiA
1 fepopMaLyii, Kak y feTeit, Tak 1y B3POCHbIX. Pe3ynstaTbl MHOMUX MCCNELOBaHUN YKa3blBaIOT Ha B3aVMOCBSI3b MEXY OPTOAOHTUHECKUM fleHeHNeM 1
dhopMrpoBaHEM COMaTUHECKNX AMCDYHKLMIA. Lienbto paboTbl 6bi1o paspaboTaTe anropuTM KOPPEKLMM OCTEONaTUHECKNX HaPYLLEHWIA, KOTOPbIA MOXET ObiTb
BHEOPEH B NPaKTUKY MEeXONCUUMIMHAPHOIO B3aMMOLENCTBYSA Bpada-ocTteonara U CToMaTonora-opToA0HTa ANs MOBbILLIEHWS Ka4ecTBa CreLmannanpoBaHHOm
OPTOAOHTUYECKOW MEAULINHCKOM MOMOLLA.

KniouyeBble cnoBa: OPTOOOHTUHYECKOE NleYeHre, ocTeonatTnyeckas Koppekuua, coMmatndeckas ,D,I/ICCD)/HKLJ,VIFI, MeXAVCLMMIMHapHOE B3aUMOAENCTBINE

BnaropgapHocTu: aBTopbI 611arofapsT CoTPYOAHVKOB Kadeapbl TepanesTdexoin ctomatonori @re0Y BO CamlrMY MuHsgpasa Poccun 3a NoMOLLb B MOArOTOBKE
mMaTepvanos 1 am3ariHa pyKornmcu.

Bknap aBTopos: /1. A. AnTekapb — Avi3aiiH 1 NNaHnpoBaHyie UCCNeaoBaHyisl, aHammMa nUTepaTypbl, MHTEppeTaLmMs AaHHbIX, MOAroToBKka pykorvicy; E. B. Abpamosa —
aHanu3 nuTepaTypbl, COOP AaHHbIX B Cdepe ocTeonaTum, aHanma 1 MHTepnpeTaumns AaHHbIX, Noarotoska pykonmcu; M. A. TOCTHUKOB — pefakTUpoBaHye;
V. C. Koneukwit, E. M. MocTHnkoBa, 3. b. MNonysHoBa — nogrotoBka pykorvcy; [. A. EpemnH — aHanua pesynsratos; B. . Antekapb, V1. O. MypaBbes —
npoBefeHne KIMHUYECKMX UCCNefoBaHW, aHaNM3 INTepaTypbl, UHTEPNpeTaLms AaHHbIX, MOLrOTOBKA PYKOMUCH.
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According to the literature, dentofacial abnormalities registered
in the population of the Russian Federation are highly variable.
Most researchers believe that prevalence of such abnormalities
grows with age and ranges from 30 to 80% [1-3]. In complicated
cases, contemporary orthodontic treatment protocols combine
removable/fixed orthodontic appliances and surgery.

As previous studies indicate, extraction of individual teeth
can help establish multiple stable contacts between dental
arches and normalize functionality of the dentofacial system.
The teeth pulled most often in the context of orthodontic
treatment, including protocols that employ braces, are third
molars, followed by first molars [4-6]. A complex therapy of
dentofacial abnormalities may justifiably imply cooperation of
dentists specializing in related fields [7], with the goals of such
therapy being normalization of occlusion, restoration of the
dentofacial system's functions, and aesthetic reconstruction.

From the point of view of osteopathic diagnosis, a
dominant somatic dysfunction in the human body can stem
from specific somatic dysfunctions, namely, their intraocclusive
variations, which are directly related to the anatomical features
conditioning occlusion. The dominant somatic dysfunctions
developing in such a case are disorders of venous return from
the head, vestibulopathies, disorders of the temporomandibular
joint. This, in turn, affects the patient's quality of life [3, 6-9].
Therefore, it is important for an orthodontist to professionally
cooperate not only with fellow dentists, but also with medical
doctors specializing in other fields, including osteopaths [8-12].

Previous studies have shown that osteopathic correction
added to dental and orthodontic treatment significantly
reduces the frequency and severity of somatic dysfunctions
of head and neck, thus significantly improving the quality
of life of patients [13-17]. There is no single protocol of
interdisciplinary interaction involving an osteopath and an
orthodontist described in the literature. Moreover, no paper
presents an intraocclusive somatic dysfunctions remedying
algorithm, which may include, firstly, curing compression as
the cause of disorders of the peripheral nervous system and
vascular hydrodynamic disorders, and secondly, remediation
of hypercapnia, a marker of impaired venous circulation and
hypoxia, which signals arterial circulation disruptions [18].

This study aimed to develop an interdisciplinary cooperation
algorithm involving a dentist and an osteopath in the context
of preparing a patient for specialized dental treatment and
subsequent comprehensive rehabilitation seeking to mitigate
the risk of complications manifesting as tension headaches.

METHODS

The study analyzed the data from outpatient records of 340
patients who applied to the clinic in 2014 through 2023,
with an established tension headaches diagnosis (ICD G44.2)
being the inclusion requirement. Among the clinical symptoms,
patients mentioned moderate pain, generalized, more often of
a squeezing, compressive nature, episodic or chronic. As a
rule, headache originated in the occipital or frontal part of the
head, and spread further to all parts thereof. The participants
were divided into two groups, 170 patients in each.

Treatment group inclusion criteria: application to the
osteopathic clinic during ongoing orthodontic treatment that
began 1-3 months before that application; complaints of
cephalgia, cervicalgia.

Control group inclusion criteria: complaints of cephalgia,
cervicalgia; no history of orthodontic treatment. All participants
underwent osteopathic examination (standardized protocol) and
osteopathic correction of the identified somatic dysfunctions.
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Exclusion criteria: diagnosis of «tension headaches associated
with somatic pathology».

Tension headache is not associated with such etiological
factors as physical activity and active stimuli like light, smell
or sound. Unlike migraines, such headaches are not typically
concomitant with nausea and vomiting. Tension headaches
stem from the following: sleep and rest disorders, emotional
stress, somatic dysfunctions of the temporomandibular
joint (TMJ), degenerative disk disease (in cervical spine, in
particular), and eye strain, especially that caused by electronic
devices with excessively bright screens. The headaches can
last from 30 minutes to 2-3 days. Clinically, there are episodic
and chronic tension headaches distinguished. Fire percent of
this group's patients had a third molar extracted 1-3 months
before the onset of cephalgia.

Processing the results, we applied parametric and
nonparametric methods. The data were systematized and
visualized using Microsoft Office Excel 2013. SPSS Statistics
(version 2) enabled statistical processing. The differences were
considered significant at p = 0.05.

RESULTS

Following a standardized protocol, we diagnosed the dominant
somatic dysfunction and identified the primary biomechanical,
neurodynamic, and hydrodynamic components underpinning
it [19, 20].

Figure 1 presents the comparison of the osteopathic status
indicators registered in treatment and control groups before
osteopathic intervention. All patients with a history of orthodontic
treatment had the said status dominated by local somatic
dysfunctions in the head area (sphenobasilar synchondrosis,
locally — interstitial somatic dysfunctions in the palatomaxillary
suture, zygomaxillary suture, intermaxillary suture, frontomaxillary
suture, temporomandibular joint, intraosseous somatic
dysfunctions of the upper and lower jaws). In addition, at the
regional level, we registered neck somatic dysfunctions (local
dysfunction of CO-C1 and the below cervical spine segments)
and pelvic somatic dysfunctions (local dysfunction of L5-S1).

Manual osteopathic correction techniques were chosen
individually for each patient. In the context of osteopathic treatment,
the physician proceeded top down, i.e., remedied global somatic
dysfunctions first, then moved to the regional and subsequently
local levels. "Somatic dysfunction" clinical guidelines were observed
when correcting the dominant somatic dysfunction [19].

For most patients, the sequence of application of osteopathic
techniques was as follows: pubic joint decompression,
sacrococcygeal joint mobility restoration, L5-S1 mobility restoration,
thoracic diaphragm balancing, upper aperture balancing, CO-C1
mobility restoration, sphenobasilar synchondrosis decompression,
correction of the revealed interstitial somatic dysfunctions.

All patients underwent a control osteopathic examination
(standardized protocol) after osteopathic correction of the identified
somatic dysfunctions. Figure 2 presents the comparison of the
osteopathic status indicators registered in treatment and control
groups before and after osteopathic intervention.

Repeated examination confirmed a statistically significant
decrease of the frequency of somatic dysfunctions, including
those found in the dentofacial system and neck region, as well
as their clinical manifestations.

DISCUSSION

This work investigates the effect of extraction of first or third
molar as a significant etiological factor in the development of
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Fig. 1. Comparison of osteopathic status indicators, treatment group and groups, before osteopathic correction (%). * — p < 0.05

tension headache. The most prominent component of this
factor are the traction and compression forces accompanying
dental treatment.

We studied biomechanical, neurodynamic, hydrodynamic
functional, and in some cases pathogenetic adaptation chains
leading to the development of regional somatic dysfunctions,
with such in the head and neck region being most common.

History of extraction of first or third molar and predominance
of head somatic dysfunctions in the treatment group, including
those affecting dentofacial system, allowed exposing the
sequence of adaptive reactions of the body that translate
into tension headaches initiated by etiological factors of
intraocclusive nature.

Tooth extraction is associated with a combined effect of
traction and compression forces on the upper or lower jaw.
Consequently, there arise compression forces inside the bone,
which initiate allostatic adaptive reactions at the local level. As
a result, there develop somatic dysfunctions with a dominant

biomechanical component, from the occipital bone and C1-C2
cervical vertebrae in the first place.

Pulling an upper jaw molar, dentist applies force to the entire
head and neck region, which means that initially, before a more
localized reaction, there appears sphenobasilar synchondrosis,
mainly in the form of compression and torsion of varying
severity. This condition may compromise the existing pattern
of interaction between the sphenoid and occipital bones, and
subsequently trigger adaptive reactions that contribute to the
development of cephalgia. In the context of a tooth extraction,
palatal bones accept biomechanical stress and, through the
chain of interosseous suture interactions, transfer it to the
sphenoid bone, and adaptation through connections with the
zygomatic bone stresses the temporal bone. After extraction of
a mandibular molar, diagnostics revealed somatic dysfunctions
of the temporal bone in the first place.

In the context of adaptation to the mechanical etiological
factors, anatomical biomechanical connections cause

e Somale Gy e e N > 5
Neck somatic dysfunction (functional blockade
of C0-C1 and the below cervical spine segments) 26
Somatic dysfunction of the diaphragm _ 112
Pelvic somatic dysfunction: functional blockade of
the sacrococcygeal joint, L5-S1 25

Lower extremities somatic dysfunction _ 9.2

Abdominal somatic dysfunction

o
o

|

12.3
10 15 20 25 30

B After treatment . Before treatment

Fig. 2. Comparison of osteopathic status indicators, treatment group and groups, after osteopathic correction (%). * — p < 0.05
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compression in the sutures between skull bones and brain
membranes. By severity, the most common compressions are
those in the zygomaticomaxillary, palatomaxillary, intermaxillary
and frontomaxillary sutures; they cause functional intersuture
somatic dysfunction.

The latter compromises mobility of the brain membranes.
Somatic dysfunctions of the brain membranes affect venous
circulation of the head region and cerebrospinal fluid dynamics.
In turn, this can lead to a reflex response from the central
nervous system and the autonomic nervous system, growth
of the arterial and intracranial pressure. Increased intracranial
pressure irritates receptors of the brain membranes' nerve
endings and thus causes pain in the region of the head.

Based on the data yielded by this study, it can be assumed
that the etiotropic trigger of development of the adaptation
associated with tension headaches after molar extraction is the
somatic dysfunction as part of the sphenobasilar synchondrosis,
which is an adaptive reaction aimed at maintaining constancy
of the internal environment.

As an adaptive reaction, somatic dysfunction is based on
the pattern of skull bone positions formed at birth. As a result,
there develop somatic dysfunctions that have neurodynamic
and hydrodynamic components as the prevailing ones.

Other factors that condition development of somatic
dysfunctions are extraction technique and position of the
dentist relative to the patient during the procedure. Duration of
extraction depends on complexity of the case; at a minimum, it
lasts 40-60 minutes.

Mouth opened for a long time, rotations of the head and
lateroflexion in the opposite direction may cause additional
somatic dysfunctions in CO0-C1, C1-C2, pleural dome
ligaments, first rib, hyoid bone, musculoskeletal system of the
stomatognathic system.

It should be noted that such position of the patient is
peculiar not only to molar extraction but also to many other
procedures in the context of orthodontic treatment.

Osteopathic diagnostics allows a conclusion that the
primary somatic dysfunction is an intraosseous somatic
dysfunction of the upper or lower jaw in the projection of the
extracted molar. This is the area of primary damage. In such
cases, the osteopath rehabilitates the patient by correcting
somatic dysfunctions resulting from extraction of the first or
third molar.

For this study, we used the osteopathic assistance
protocol designed to remedy somatic dysfunctions (given
below). It should be noted that the algorithm was developed
following studies that investigated changes of functional
activity of fibroblasts against the background of compression,
hypercapnia, and hypoxia (simulated). It has been shown
that compression, a local spike of pressure in the tissues,
disrupts adaptive capabilities of connective tissue the most.
Hypercapnia, reaction to high CO, content, was the second
most potent etiological factor promoting development of the
somatic dysfunction's hydrodynamic component at the local
level. Hypoxia was shown to have the least effect thereon [18].

Thus, the revealed ranking of etiological factors affecting
development of the somatic dysfunction at the local level
can be expressed by the following algorithm. Remediation
of compression at the local and regional level. Osteopathic
techniques (standardized method) enabled decompression.
In case of a diagnosed sphenobasilar synchondrosis
compression, the decompression sequence began with
the sacrum, L5-S1, thoracic diaphragm, and then CO-Cf1;
afterwards, we retested and rebalanced integrity of the body's
biomechanical mobility.
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Initial correction of the thoracic diaphragm and pelvic
diaphragm and adjustment of the venous sinuses after
correction of sphenobasilar synchondrosis allow, in turn, to
improve and restore venous circulation function and minimize
the effects of hypercapnia at the local and regional levels.

However, it should be noted that, in connection with a
molar extraction, there are two more reasons for cooperation
between an osteopath and an orthodontist:

the patient may apply for osteopathic assistance after
emergency extraction of any tooth, with rehabilitation and
correction of the resulting somatic dysfunctions often preceding
complaints;

the patient may apply for osteopathic assistance before a
scheduled extraction of any tooth, with dental and osteopathic
prevention measures taken to mitigate complications that may
arise following the said extraction.

In such a case, osteopath's task is to diagnose somatic
dysfunctions that may aggravate after tooth extraction.

Many orthodontists know that inviting an osteopath to
participate in the post-extraction rehabilitation makes the entire
process more effective and minimizes risks and complications.
Therefore, the patient is referred for consultation to an
osteopath before scheduled tooth extraction, and if extraction
is emergency — after it, for rehabilitation.

Depending on the algorithm used, treatment can consists
of several stages; its plan, as well as that of diagnostics, is
similar for cases of emergency molar extraction and patient
referrals driven by complaints.

Scheduled treatment implies dental and osteopathic
preparation of the patient for tooth extraction:

Stage 1: consultation with a dentist before scheduled tooth
extraction, US examination of head and neck vessels with the
aim to diagnose disorders of venous and arterial circulation in
the head region, and learn the effect of these factors on the
adaptive abilities of fibroblasts, including synthesis of collagen,
elastin and glycosaminoglycans;

Stage 2: primary visit to the osteopath, including diagnosing
of primary or leading somatic dysfunction, osteopathic
correction of the dominant somatic dysfunction and elimination
of its cause, improvement of the body's adaptive capabilities
with the aim to ensure homeostatic constancy of the internal
environment;

Stage 3: if necessary, two or three more visits to the
osteopath within two weeks. In case there is limited time available
before dental treatment, the therapeutic part of osteopathic
care should be performed 72 hours before it. This period of
time was established based on the results of investigation of
adaptive capabilities of fibroblasts (main connective tissue cells)
after elimination of the etiological factors triggering somatic
dysfunction, and tissue's return to the normosthenic conditions
at the local and regional levels;

Stage 4: repeated dentist appointment before tooth
extraction, followed by the specialized dental intervention;

Stage 5: implementation of rehabilitation measures, which
may include the provision of osteopathic assistance and
physiotherapy.

The algorithm of osteopathic care for patients during
orthodontic treatment developed by us in the context of this
study has been introduced to the practice of the Tyumen
Institute of Manual Medicine.

CONCLUSIONS

The algorithm implies sequential elimination of compression
factors (using osteopathic techniques) as markers of
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neurodynamic and hydrodynamic disorders, subsequent
remediation of hypercapnia that stems from the impairments
of venous circulation and lymphodynamics, restoration of
arterial circulation, and remediation of hypoxia and tissue
nutrition disorders. Practiced, this protocol, involving
interdisciplinary cooperation between an osteopath and
an orthodontist, with joint patient management and cross-
counseling, allows early diagnosis and timely correction of
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TREATMENT OF GONARTHROSIS USING AUTOLOGOUS PLATELET-RICH PLASMA
Egiazaryan KA, Danilov MA =, Abdusalamov RM
Pirogov Russian National Research Medical University, Moscow, Russia

Injections of platelet-rich plasma are considered to be a promising treatment. Medicines acting on the subchondral bone can improve tissue's structure and slow
down destruction of the articular cartilage. This study aimed to analyze the results of intraarticular and intraosseous administration of platelet-rich plasma (PRP)
in gonarthrosis cases. One hundred and eighty-seven participants (gonarthrosis stages 1 through 3) were divided into three groups. Group 1 (treatment group)
received intraarticular PRP injections, group 2 (comparison group) — intraosseous PRP injections. For assessment purposes, we used the SF-36 survey and
visual analog scale. Three months after the treatment, initial pain level decreased in both groups 1 and 2. In group 1, the prevalence of synovitis went down after
3 months, in group 2 — after 6 months (21.9 and 31.3%, respectively; p < 0.05). Six months after the treatment, soft tissue swelling around the joint was registered
less often in groups 1 and 2 (8.2 and 8.3%, respectively). As for the physical component of the quality of life, it improved in group 1 after 3 months (70.40%), in
group 2 — after 6 months (69.80%); as for the mental component, the dynamics was acknowledged positive 3 months after the treatment in groups 1 and 2 (64.30
and 65.10%, respectively), and 6 months after the treatment (65.10 and 66.40%, respectively). Thus, administration of PRP in gonarthrosis cases attenuate pain
and improves the quality of life. In terms of alleviation of the clinical symptoms and improvement of the physical component of patients' lives, intraosseous PRP
injections performed significantly better.
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NEYEHUE TOHAPTPO3A C NPUMEHEHMEM AYTOJTOMMYECKOW OBOTALLEHHON
TPOMBOLUUMTAMU NMNTA3MbI

K. A. ErvazapsH, M. A. Janunos =, P. M. Abgycanamos
Poccuiickuin HaumoHanbHbIA MCCReoBaTensCK MEAULIMHCKI YHuBepcuTeT nmenn H. V1. Muporosa, Mockea, Poccus

VHbekuMm nnasmbl ¢ TPOMOOLMTaMM pacCMaTpPUBAKOT Kak MepCneKTUBHbIN METOZ, fedeHnst. [Npenapartbl, BO3AENCTBYIOLLME Ha CyOXOHAPaNbHYO KOCTb, MOryT
CrnocobCTBOBATb YyHLLEHNIO CTPYKTYPbI TKaHW 1 3aMefJIEHVIO PaspyLLIEHSt CyCTaBHOMO xpsila. Liensto paboTbl 66110 M3yHuTb pesynsTaTbl NeHeHVIst NMaLMeHToB
C roHapPTPO30M MyTeM BHYTPUCYCTABHOIO ¥ BHYTPUKOCTHOIO BBEAEHMs oboralleHHo TpomoboLmTami nnasmbl (OTT). B nccnenoBaHvie Bko4eHbl 187 naumeHToB ¢
1-3-1 cTagvei, pasaeneHHble Ha TPV rpynnbl. B rpynne 1 (0CHOBHas!) OCyLLECTBASM BHYTPMCYCTaBHOe BBeaeHve OTI, B rpynne 2 (cpaBHeHsl) — BHYTPUKOCTHbIE
nHbekuym OTT. [na oLeHKN NCMonb30BasN BU3YasibHO-aHAIOOBYHO LLIKaUTY 1 OMPOCHVK «SF-36». B rpynne 1 v 2 66110 3aperncTprpoBaHO CHIDKEHNE NoKasarens
CTapToBON 6oMM yXKe Yepe3 3 MecsiLia nocse MPoBefeHHOrO NeveHnst. CHKEHME YaCcTOTbl CUMHOBUTOB OTMEYEHO Y MaumeHToB rpynnbl 1 Yepes 3 MecsiLa; B
rpynne 2 — yepesd 6 mecsues (21,9 n 31,3% cootBeTcTBeHHO; p < 0,05). HacToTa perncTpaumm 0TEHHOCTU MSArKMX TKaHel obnacTi cycTaBa CHbKanach Yepes
6 MecsLeB y mauneHToB rpynnbl 1 v rpynnbl 2 (8,2 1 8,3% COOTBETCTBEHHO). Y MaLmMeHTOB rpynnbl 1 Obiia BbiBNEHa NONOXKUTENBHAA AMHaMUKa Yepes 3 Mecaua
(70,40%), rpynnbl 2 — Yepes 6 MecsiLeB (69,80%) N0 HU3NHECKOMY KOMMOHEHTY Ka4ecTBa XU3HW; Y NaLneHToB rpynnbl 1 1 rpynnbl 2 Yeped 3 mecsua (64,30
1 65,10% cooTBETCTBEHHO), Yepe3 6 mecsues (65,10 n 66,40% COOTBETCTBEHHO) — MO MCUXUHYECKOMY KOMMOHEHTY. Takim 06pa3oM, vcrnonb3osaHe OTI
Mpyi roHapTPO3€e CBUAETENLCTBYET O CHYDKEHMI GO, YAYHLLEHUN MapameTpOB >KV3HW. BHYTPUKOCTHbIE MHbekuy OTIT 3HAUYUTENBHO YyHLLIAIOT KIMHUYECKMe
CVIMNTOMbI 11 (OM3NHECKOE KaYECTBO XXN3HW NaLEHTOB.

KntoyeBble cnoBa: ka4ecTBO XM3HW, 60b, BHYTPUCYCTAaBHOE BBEAEHWE, BHYTPUKOCTHOE BBELEHNE
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Osteoarthritis (OA) of the knee (gonarthrosis) is a degenerative
progressing joint disease involving loss of articular cartilage [1].

About 13% of women and 10% of men aged 60 and above
suffer from symptomatic knee OA. After 70, the prevalence of
this pathology increases to 40%. Disregarding age as a factor,
the frequency of symptomatic gonarthrosis is approximately
240 cases per 100,000 people per year [2].

Gonarthrosis is a progressive disease; as a rule, the specifics
of its pathogenesis lead to a disability.

The causes of damage to the cartilage associated with
osteoarthritis are not fully understood, but may stem from
constitutional and genetic factors, trauma, overload disease,
etc. Recently, pathological changes in the subchondral
bone — ischemia and local necrosis — have been receiving
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increasing attention as the disease's pathogenetic factors [3].
A history of knee injuries is also considered to be an important
aspect [4].

Physical activity restrictions, pain and discomfort associated
with movements undermine patients' daily routines and social
life, which degrades their quality of life (QOL) [5].

In this connection, investigation of methods of treatment of
knee OA is considered to be an important task. With varying
efficacy, conservative approaches aim to eliminate clinical
manifestations (pain) and partially improve the joint's functional
state [6]. However, the respective therapeutic strategies have
no effect on the OA pathogenesis and do not help to improve
the patients' QOL.

Contemporary orthopedics sees promise in the
development and introduction of the new OA treatment
techniques that would not only address clinical symptoms but
also prevent progression of the pathological process. Injections
of platelet-rich plasma (PRP) is one of such techniques [7, 8].
The effects of PRP mainly depend on the platelet secretion
products. In addition to organelles, platelet cytoplasm contains
many granules carrying over 300 different biologically active
substances. There are three types of platelet secretory granules:
dense granules (or y-granules), a-granules and lysosomes.
The latter are commonly represented by various enzymes
(acid hydrolases). Dense granules contain catecholamines,
serotonin, ADP, ATP and calcium, which are involved in the
activation of the coagulation cascade. Driven by the growth
factors, fibroblasts, endothelial cells and epithelial cells migrate
to the injury and multiply there. Subsequently, there forms an
extracellular matrix, new vessels grow, and connective tissue
matures and remodels. Mediators of a-granules HGF, TNFa,
TGFR1, VEGF and EGF deliver the anti-inflammatory effect,
and attenuation of inflammation also has an analgesic effect
[9-12].

The prupose of this study is to analyze the results of
intraarticular and intraosseous administration of platelet-rich
plasma (PRP) in knee OA cases.

METHODS

From 2018 through 2022, we examined and treated 187
patients with knee OA, stages 1 through 3 (ages 40 through 70),
and subsequently monitored the dynamics of the symptoms
and signs of the disease. This part of the study was conducted
at the premises of the N. |. Pirogov State Clinical Hospital #1,
Moscow, and the Republican Clinical Hospital, Makhachkala
(Republic of Dagestan).

The knee OA diagnosis was verified under the applicable
regulations [13-15].

The inclusion criteria were: age from 40 to 70 years; knee
AO confirmed by radiographic examination; disease stage 1
through 3 under Kellgren classification; walking-associated
pain intensity =40 mm on the visual analog scale (VAS) over the
past 2 weeks; no intake of systemic chondroprotectors and/or
cartilage regeneration stimulating drugs within 2 months before
the study; no intake of nonsteroidal anti-inflammatory drugs
(NSAIDs) for 2 weeks before the study; voluntary consent to
participate in the study and adequately cooperate in its context.

The exclusion criteria were: age under 40 and over 70;
refusal to participate in the study and/or sign the informed
consent form; walking-associated pain intensity <40 mm on
VAS; stage 4 damage under Kellgren classification; surgical
treatment of gonarthrosis during the previous 6 months;
pronounced deformity of the knee joint; exacerbation lasting
more than a month; pregnancy and/or lactation; serious
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or unstable somatic diseases (severe diseases of the liver,
cardiovascular system, lungs or kidney, oncological, mental
diseases), decompensated diabetes mellitus; intake of tissue
regeneration drugs, systemic chondroprotectors withing
2 months before the study; intake of NSAIDs within 2 weeks
before the study.

Depending on the technique applied, the patients were
divided into three groups. Treatment group (group 1) included
73 patients, 21 male and 52 female, mean age 57.4 + 2.87 years;
they received intraarticular injections of PRP. Comparison group
(group 2) included 48 patients, 15 male and 33 female, mean
age 56.9 + 2.85 years; the received intraosseous injections of
PRP. Control group (group 3) consisted of 66 people, 21 male
and 45 female, means age 57.1 + 2.86 years; their treatment
plan included NSAIDs, a course of chondroprotectors, and a
course of glucorticoids administared intraarticularly. In group 1,
autologous PRP was injected intraarticularly in a single course,
three injections once a week, once a year; in group 2, PRP was
injected intraosseously, two injections every two weeks, once
ayear.

In all groups, the most common stage was 2nd: 37 (50.7%)
patients in group 1, 22 patients (45.8%) in group 2, and in 27
(40.9%) patients in the control group. We found no statistically
significant intergroup differences in the frequency stage-wise
OA diagnosis within the sample.

All patients underwent a comprehensive examination, which
included registration of complaints, study of the medical and life
history, physical examination and analysis of the objective signs
of joint pathology, and assessment of the severity of damage.

Radiography, ultrasonography, and magnetic resonance
imaging (MRI) were also parts of the comprehensive primary
examination.

The intensity of pain was recorded with the help of the
visual analog scale (VAS), and QOL indicators registered with
a non-specific SF-36 survey (before treatment, three and six
months thereafter).

Statsoft's STATISTICA 10 and Microsoft Excel 2016 (USA)
were used for statistical data analysis.

In case of normal distribution of indicators, we applied
the Student's test to compare groups, and used the Mann-
Whitney test when distribution was nonparametric. Normality
of distribution was assessed with the help of the Shapiro-Wilk
test. The null hypothesis (a) was considered significant at
p = 0.05 (all intergroup comparisons).

RESULTS

Figure 1 shows the initial pain intensity dynamics after over
30 minutes of rest.

These data indicate that before the treatment, all patients
(100%) experienced pain after resting for more than 30 minutes.

Three months after treatment, in groups 1 and 2, initial pain
after over 30 minutes of rest decreased to 64.4 and 47.90%,
respectively, from 100%.

After six and twelve months, the intensity of pain in the
treatment group increased to 72.60 and 79.50%, respectively, that
in the comparison group — to 62.50 and 68.80%, respectively.

In the control group, the dynamics of the initial pain was not
significant; it amounted to 92.40% after three months, 93.90%
after six months, and 97.0% after twelve months.

Figure 2 shows the dynamics of indicators of morning joint
stiffness in the entire sample.

Compared to the control group, both group 1 and group 2
exhibited a significant decrease in the number of complaints
about morning joint stiffness.
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Fig. 1. Initial pain intensity dynamics after over 30 minutes of rest, all groups, percentages. * — significance of differences (p < 0.05) between indicators of the control
group and those registered for groups 1 and 2; ** — significance of differences (o < 0.001) between indicators of the control group and group 2

Table presents the knee OA parameters as registered with
ultrasonography.

[t should be noted that before treatment, the prevalence
of synovitis, soft tissue edema, osteophytes, and subchondral
sclerosis was comparable between the groups. In the treatment
group, the differences in the prevalence of synovitis became
significant (compared to baseline) after three months (27.4%);
in the treatment and comparison groups — after six months
(21.9 and 31.3%, respectively). As for the prevalence of swelling
around the joint, the differences in prevalence thereof became
significant after 6 months (treatment and comparison groups,
8.2 and 8.3%, respectively). After 12 months, the differences
registered between groups have lost significance, but the lowest
values were recorded (ultrasonography) in the treatment group.

Figures 3 and 4 show the results of a comparative analysis
of physical and mental components of QOL, as registered
with the SF-36 survey; time points — before treatment, 3 and
6 months after treatment.

With treatment in the background, groups 1 and 2 exhibited
significant positive dynamics: groups 1 after three months
(70.40%), group 2 after six months (69.80%).
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52.00%
48.50%
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0.00%
Before treatment
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Six months after treatment, values of the indicators were
above baseline in both group 1 and group 2, with group 2
performing better. In control group, the physical component
of QOL, according to the SF-36 survey, did not change
throughout the study (51.20% — before treatment; 53.50% —
after 3 months; 54.0% — after 6 months).

As registered with the SF-36, against the background of
treatment, both group 1 and group 2 have shown positive
dynamics of the mental component of QOL after 3 months
(64.30 and 65.10%, respectively), and after 6 months (65.10%
and 66.40%, respectively). In control group, the situation
remained largely unchanged (42.20% before treatment, 44.30%
after 3 months, and 44.60% after 6 months).

Figure 5 shows pain intensity as recorded with the help of VAS.

Against the background of treatment, groups 1 and 2
exhibited significant (o < 0.05) positive dynamics after 3 and
6 months; after 3 months, the values were better in group 1
(2.80 +0.14 and 3.90 + 0.19, respectively), and after 6 months — in
group 2 (3.40 £ 0.17 and 3.0 + 0.15, respectively). In the control
group, therapy failed to relief the pain, and the values remained
on the same level throughout the study (before treatment —

53.00%

51.50%

41.70%
38.40%

After 6 months After 12 months

== Comparison group == Control group

Fig. 2. Momning joint stiffness dynamics, all participants, percentages. * — significance of differences (o < 0.05) between indicators of the control group and those
registered for groups 1 and 2; ** — significance of differences (p < 0.001) between indicators of the control group and groups 1 and 2
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Table. Dynamics of ultrasonography indicators of the knee OA against the background of treatment, all patients

Indicators Treatment group (n=73) Comparison group (n = 48) Control group (n = 66)
Abs. % Abs. % Abs. %
Before treatment
Synovitis 55 75.3 37 77.0 49 74.2
Swelling of soft tissues in the joint area 11 15.1 8 16.7 12 18.1
Osteophytes 59 80.8 40 83.3 54 81.8
Subchondral sclerosis 61 83.6 41 85.4 56 84.8
3 months after treatment
Synovitis 20 27.4* 30 62.5 47 71.2
Swelling of soft tissues in the joint area 8 10.9 6 12.5 5 4.5%
Osteophytes 59 80.8 40 83.3 54 81.8
Subchondral sclerosis 61 83.6 41 85.4 56 84.8
6 months after treatment
Synovitis 16 21.9* 15 31.3* 45 68.2
Swelling of soft tissues in the joint area 6 8.2* 4 8.3* 5 7.5%
Osteophytes 57 78.1 39 81.3 54 81.8
Subchondral sclerosis 59 80.8 40 83.3 56 84.8
12 months after treatment
Synovitis 24 32.9 22 45.8 48 72.7
Swelling of soft tissues in the joint area 10 13.7 8 16.7 11 16.7
Osteophytes 57 78.1 39 81.3 54 81.8
Subchondral sclerosis 59 80.8 40 83.3 56 84.8

Note: * — significance of differences (p < 0.05) of the indicator values before and after treatment, intragroup.

6.0 + 0.3; after 3 months — 5.60 + 0.28; after 6 months —
5.80 = 0.29; after 12 months — 5.90 + 0.30).

cell therapy, aim to expand the therapeutic arsenal to prevent or
delay surgery. While cell therapy is still in its infancy and has to
overcome a number of problems, PRP has been used for more
than 15 years, and there is a consolidated position about it in
the context of treatment of this disease. An increasing number

DISCUSSION

Knee OA is a pathology that grows more prevalent as the life
expectancy of the population increases. This diseases poses a
significant social, economic and medical problem, the solution of
which should employ non-pharmacological, pharmacological,
and surgical methods of treatment at different stages.
Surgery, in the form of partial or complete knee replacement,
is most often resorted to at late stages of knee OA [16-17].
Regenerative approaches, such as those involving PRP and

80.00%
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60.00% 52.10%

51.20% 55.10%
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30.00%

20.00%

10.00%
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Before treatment
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of randomized clinical trials are being conducted to obtain
convincing conclusions about the effectiveness and safety of
PRP. Despite the fact that intraarticular injection of PRP as knee
OA treatment shows promising results, this method, according
to a number of authors, affects only the articular cartilage and
the synovial membrane, without affecting the subchondral
bone. Intraosseous injections to the subchondral bone can
make the protocol more comprehensive [18, 19].

58.10%

After 6 months

Il Comparison group M Control group

Fig. 3. Dynamics of the physical indicators of QOL, as registered with a SF-36 survey before treatment, 3 and 6 months thereafter. * — significance of differences
(o < 0.05), indicator's value before and after treatment, intragroup; ** — significance of differences (p < 0.001), indicator's values, treatment group and comparison

group, 3 and 6 months after treatment
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Fig. 5. Pain intensity, VAS registration, all patients (points). * — significance of differences (o < 0.05), indicator's value compared to control group; ** — significance of
differences (p < 0.001), indicator's values, treatment group and comparison group compared

Currently, clinical studies of intraosseous administration of PRP
in treatment of knee OA are in the early stages. The rationale for
this method largely depends on the growing knowledge about the
role of the bone-cartilaginous functional unit in the development of
knee OA, as well as on growth of the number of preclinical studies
and intraosseous methods of treatment of other bone pathologies
[20, 21]. Further research is needed in this area to better understand
cellular processes underlying the mechanism of action and to
plan further pathways of intraosseous injections.
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MULTIDISCIPLINARY APPROACH TO TREATMENT OF UNRESECTABLE LIVER METASTASES SEEDED
BY LUMINAL BREAST CARCINOMA

Kolomiets KV &4, Afashagova ZR, Erendzhenova DE, Bashirova AS, Falchari VWV, Babayeva NE, Aliyeva AD, Kurmalieva RZ, Fedoseyev YB
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Breast cancer (BC) remains the main oncological pathology in the female population. Liver metastases in such cases mean an extremely unfavorable prognosis of
the course of the disease. The key predictor of clinical outcome of metastatic BC is the molecular biological subtype of the tumor. The main goals of treatment of
metastatic BC are to increase life expectancy, alleviate tumor-related symptoms, and maintain or improve patients' quality of life. Transarterial chemoembolization
(TACE) enables new ways of liver metastases control. This article presents a case of application of TACE in combination with hormone therapy and selective inhibitors
of CDK4/6 in a patient with unresectable liver metastases seeded by hormone-receptor positive (ER*/PR-) breast carcinoma with an unknown Her2 status (2+).
The approach allowed achieving regression of the oncological process in the liver to the point of unclear CT visualizations of metastatic foci, and proper disease
control in the course of 28 months.
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MYNbTUAUCUUNAUHAPHBIA NOAXOA, K IEYEHUIO HEPE3EKTABEJIbHOMO METACTATUMECKOIO
MOPAXKEHUSA NMEYEHW MPU IIOMUHAJIbHOM PAKE MOJIOYHOW XKENE3bI
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HO. Bb. ®enoceeB

PocToBckuiA rocyiapCTBEHHbIN MEAULIMHCKIMIA YHUBEPCUTET, PocToB-Ha-[JoHy, Poccus

Pak Mono4How »kenesbl (PM>K) ocTaeTcst OCHOBHOM OHKOMOMMHECKOW NaTonornei y »EeHCKOoro HaceneHust. Hannumne metactasos B nevern npu PM>K onpenenset
KpaiHe HebnaronpuATHbIN NPOrHO3 TedeHus 3abonesaHis. MonekynspHO-6UONOTMHECKMA MOATVM OMyXON SBASIETCS MaBHbIM NPEANKTOPOM KIIMHUHECKOTO
nexopa npu metactatndeckom PVK. OcHOBHOW Lienbto neveHns metactatuydeckoro PMIK aBnseTcs yBenndeHne NpoaomKUTENBHOCTU XKIU3HW, YMEHbLLIEHME
CUMMTOMOB, CBSI3aHHbIX C OMyXOSbto, MOAAEPKAHME NN YNyHLLEHNE Ka4ecTBa »N3HW nauneHToB. BHegpeHve TpaHcapTepuanbHoM XumMmnoambonuaaummn (TAXO)
OTKPbINO HOBbIE BO3MOXXHOCTU KOHTPOJS Ha, METACTaTUHECKM NOpadKeHneM rnedeHin. B ctaTbe NpeacTaBneH KMHUHECKUIA CyHai MCNONb30BaHNS METOANKY
TAXD B KOMOMHaLWM C FOPMOHOTEPANEN, a TakKe CEeNeKTVBHBIMN NHIMOUTOPaMN LVKIMH-3aBUCUMbIX KuHa3 CDK4/6 y naumeHTKV npu HepesekTabensHOM
MEeTacTaTUHeCKOM MOPaXKEHUN MeYeHN KapLIMHOMbI MOJIOYHOW >kenesbl C MONOXKUTENbHbIM rOpMOHanbHbiM cTaTycom (ER'/PR-) n HeonpeneneHHbIM
Her2-ctatycom (2). MNMogxod Nossonmn AOCTUMHYTb perpecca OHKOMOMMHECKOro NPoLIecca B NMeYeHn, BnioTb 40 OTCYTCTBUS YETKON BUSyaM3aLmin MeETaCTaTNHECKIX
04aroB B Hell MpU KOMMbIOTEPHOM TOMOrpacuy OpraHoB OPIOLLIHON MOMIOCTH, a TakXe KOHTPONMPOBATb Te4eHne 3ab0NeBaHNs Ha MPOTSHKEHWN 28 MeCALEB.

KntouyeBble cnoBa: pak MOMIOYHON »enesbl, TpaHcapTepuaibHas XMMMOIMO0IM3aLMs, FOPMOHOTEPANMS, TakCaHbl, CENEKTUBHBIE NHMMOUTOPbI LIMKINH-3aBUCUMBIX
kmHa3 CDK 4/6, meTacTaTnieckoe nopakeHue neyeHn
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Breast cancer (BC) is the most common neoplasm that remains
the main oncological pathology in the female population.
In 2022, 2,296,840 new BC cases were registered in the
world (first-time oncological diagnoses), and the disease was
pronounced cause of death for 666,103 fatalities. As for the
Russian Federation (RF), in 2020, there were 75,052 (12.7%)
new cases of BC diagnosed there, and 23,130 lethal outcomes
caused by it [1]. This is a very heterogeneous disease, with
different molecular profiles, which are clinically divided into three
main subtypes by the hormone receptors involved (estrogen
receptors, ER; progesterone receptors, PR; human epidermal
growth factor receptor 2, HER2 or ERBB2), and into luminal
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ER-positive and PR-positive, which are further subdivided into
luminal A and B, HER2-positive and triple-negative BC. Nuclear
protein Ki-67 encoded by the MK167 gene is also regarded as
a marker of tumor's proliferation, since neoplasms of the least
mature and differentiated cells are the most active in this respect
[2]. The mandatory component of a BC treatment protocol is
drug therapy: it can significantly increase life expectancy of
patients with extensive or metastatic cancer, which prevent full
recovery, and up the number of patients that recover from early
stages of the disease [3].

The median overall survival (OS) after detection of BC-seeded
liver metastases is 18-24 months; five- and ten-year survival
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rates in such cases are 27% and 13%, respectively. Without
effective treatment of metastatic liver damage, the prognosis
is extremely unfavorable, with patients living a maximum of
4 through 8 months [4]. The best OS after detection of such
damage is 38 months, peculiar to HER2-positive subtypes
with mandatory anti-HER2 therapy in the background. In triple-
negative BC cases, the median survival of patients with foci
in the liver is only 9 months. For luminal A- and B-subtypes,
OS fluctuates within a very large range and depends on the
therapy regimen; the median before administration of iCDK is
21 months. These inhibitors significantly increase progression-
free survival and OS in metastatic BC patients, even when there
are liver metastases. In the placebo group, the median OS of
patients without metastatic liver damage was 51.7 months, and
metastases reduced this indicator to 36.1 months. Ribociclib
allowed prolonging lives of such patients by 10 months, with
median OS increasing to 46.5 months. Cyclin-dependent
kinases (CDK4 and CDK®6) are activated upon formation
with D-cyclins; they play a major role in signaling pathways
regulating cell cycle and cell proliferation. There are three
CDKA4/6 inhibitors — palbociclib, ribociclib, and abemaciclib —
available for women with advanced or metastatic breast
cancer, HR* as well as HER2". Three large-scale randomized
trials PALOMA-2, MONALEESA-2, and MONARCH-3 have
confirmed the efficacy of including palbociclib, ribociclib, and
abemaciclib, respectively, to first-line therapy regimens for
menopausal women in combination with aromatase inhibitors.
Systemic therapy is the basis of treatment of metastatic BC [5, 6].

Adoption of radiographically controlled endovascular
surgery methods, such as TACE, opened new ways to
control liver metastases. This technique involves injection of
a combination of chemotherapy drugs and microspheres,
which slow down and stop supply of oxygen and nutrients
to the tumor, into arteries that feed it. This minimally invasive
method is applicable to both primary and metastatic cancers.
It was developed and first applied in the late 1970s. Currently,
the technique is used against tumors of various localizations;
in particular, it is a common and effective choice in cases of
unresectable liver metastases that originate from neoplasms
in the colon, mammary glands, lungs, soft tissue sarcomas
and melanomas. Depending on the extent of the lesion, TACE
can be palliative treatment, or a procedure in the context of
preparation of the patient to surgery, radiofrequency ablation,
radiation therapy, etc. [7]. The preferred combinations include
doxorubicin (or similar) and 5-fluorouracil, administered
simultaneously with taxanes.

There is a systematic analysis of studies investigating
application of TACE in cases of BC seeding liver metastases [8].

The researchers explored respective papers published from
2000 through 2017, and included only 10 of them into their
work, with the total sample comprised of 519 patients. In that
sample, only TACE was used in 78.0% of cases, TACE and
systemic chemotherapy — in 9.9% of cases, and systemic
chemotherapy alone in 12.1% of cases. The analysis has
shown that the patients who underwent TACE had higher OS
(median of 7.3-47.0 months) and disease-free survival (in the
range from 2.9 through 17.0 months) [8].

This study aimed to evaluate the efficacy of a multidisciplinary
approach to a case of liver metastases seeded by BC, the said
approach involving TACE combined with taxanes (docetaxel),
selective CDK4/6 inhibitors, and hormonal therapy.

Case description

A 57-year-old patient was diagnosed with right breast cancer
in 2018 (C50), pT2N3MO, st llic, cl.gr. 2; the diagnosis was
followed by radical mastectomy (RME) on the right side, remote
gamma therapy (RGT), hormone therapy (tamoxifen).

Control examination results

Results of chest and abdominal CT, 22.12.2021: lungs without
focal and infiltrative changes; density of liver parenchyma
uneven, multiple metastatic foci up to 2.6 cm in both lobes
(previously undiscovered) (Fig. 1A, B).

Despite multiple liver metastases, biliary tract was not
compressed, and the patient's skin and mucous membranes
had physiological color. She did not complain of itching,
considered her condition satisfactory, and her biochemical
indicators were within the reference ranges.

Results of US examination of mammary glands, 22.12.2021:
no signs of recurrence and palpable abnormalities.

Results of immunohistochemical (IHC) examination of a liver
metastasis sample (trephine biopsy), 29.12.2021: confirmed
metastasis seeded by breast carcinoma, ER*/PR- and
unknown Her2 status (2%).

In view of the extent of the process and the results of IHC
examination, the patient was recommended hormone therapy:
letrozole 2.5 mg per day orally protractedly, ribociclib 600 mg
per day orally from the 1st to the 21st days, interval of 7 days.

Diagnosis: (C50) right breast cancer, pT2N3MO, st llic, cl. gr. 2,
complex treatment in 2018-2019 — RME on the right side,
RGT, hormone therapy, December 2021 — progression (HER).

The patient self-referred to the clinic of Rostov State
Medical University in December 2021; factoring in the volume
of liver damage, the history of the disease and the results of

Fig. 1. A, B. Abdominal CT, 22.12.2021. multiple metastatic foci (size up to 2.6 cm) in both lobes
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Fig. 2. A, B. Abdominal CT, 04.05.2022. Multiple metastatic foci (size up to 2.6 cm) in both lobes, uneven opacification; no changes since December 2021

instrumental examinations, as well as the extent of the process,
the council decided it was expedient to include locoregional
therapy (TACE) in the treatment regimen.

On 27.01.2022, the patient underwent TACE aimed at
metastatic foci in the liver (docetaxel 150 mg + microspheres).
When discharged, the patient assessed her condition as
satisfactory, despite the volume of metastatic foci; her body
temperature was slightly elevated during the first day after TACE.
Further, as per recommendations of the chemotherapist, she
received hormone therapy (anastrozole) and CDK4/6 inhibitors.

Description of the surgical intervention

Under aseptic conditions of the operating room with
radiographic control equipment, following the required
surgical field treatment, the patient, supine, had her left radial
artery punctured in a typical location (angiographic needle
18G), using the Seldinger technique (introducer 5F 11 cm).
Through a 035" 180 cm hydrophilic conductor, an H1 125 cm
catheter was sequentially inserted into the left brachial, axillary,
subclavian arteries, descending thoracic aorta. Removal of the
conductor was followed by aortography, which established that
the celiac trunk deviates at the L1 level. Celiac trunk's mouth
was selectively catheterized: cranial position, splenic artery
not dilated, convoluted, gastric branches (anastomoses) not
found hypertrophied. The common hepatic artery could not be
visualized; left hepatic artery branches from the celiac trunk,
and in the middle section, the gastroduodenal artery branches
off it. Selective catheterization of the superior mesenteric artery
yielded visualization of the right hepatic artery extending from
the proximal part of the superior mesenteric artery. The left and
then the right hepatic arteries were selectively catheterized;
angiography visualized hypervascular lumps in the projection
of both lobes of the liver. Afferent tumor arteries were
superselectively catheterized using a 1.98F microcatheter in a
014” 165 cm microconductor. Falciform ligament artery was
embolized with a Concerto 5 x 15 cm spiral (protection against
inappropriate embolization). Saturated with a chemotherapy
drug (docetaxel 150 mg), 150-200 nm HepaSphere
microspheres (Merit Medical; USA) were injected to achieve
chemoembolization of arteries supplying blood to metastatic
foci. Then microcatheter was removed. Control angiography
revealed a significantly slower opacification in segmental
branches of hepatic artery that deliver blood to multiple tumor
foci. There were no signs of inappropriate embolization. The
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catheter was withdrawn into the aorta; control angiography
revealed right and left hepatic, gastroduodenal, and superior
mesenteric arteries to be uncompromised. The instruments
were removed sequentially, with introducer pulled out last.
Hemostasis by compression — 8 min (stable). The operative
field was treated with alcohol and covered with an aseptic
pressure bandage.

The postoperative pharmacotherapy included:

— analgesia: ketoprofen 100 mg IM twice a day for 5 days;
drotaverine 40 mg IM twice a day for 5 days;

— prevention of thromboembolic complications: parnaparin
sodium 0.3 ml SC once a day for 7 days;

—infusion therapy: for hepatoprotective purposes — remaxol
400 ml IV once a day for 3 days, for prevention of ulcerative
complications — NaCl 0.9% 500 ml + 40 mg omeprazole IV
once a day for 3 days.

Results of chest and abdominal CT, 04.05.2022: no focal
and infiltrative changes in the lungs, liver parenchyma density
uniform, multiple metastatic foci (size up to 2.6 cm) in both
lobes accumulate contrast (Omnipak) unevenly, no changes
since December 2021. Given the extent of damage to the liver,
process dispersion and dynamics, in was decided to keep liver
TACE in the treatment plan (Fig. 2A, B).

The decision to repeat TACE was made on 18.05.2022.

The patient underwent chemoembolization of metastatic
foci in the liver and parenchymal chemoembolization of
arteries supplying the foci (lipiodol 10 ml + docetaxel 150 mg).
A hemostatic sponge suspension was used for arterial
embolization. After surgery, the patient was prescribed
pharmacotherapy as recommended earlier, after the first
TACE of 27.01.2022, and subsequent therapy with hormones
(anastrozole) and CDK4/6 inhibitors.

Control examination of 18.07.2022 included CT of the brain,
chest and abdominal organs. Conclusion: no pathological
changes discovered in the brain, neck, chest organs; multiple
metastatic foci (size up to 2.1 cm) identified in both lobes of the
liver (Fig. 3A, B).

Given the extent of damage to the liver, process dispersion
and dynamics, in was decided to keep liver TACE in the
treatment plan.

The decision to repeat TACE was made on 26.07.2022.
Metastatic foci in the liver were chemoembolized. After
superselective catheterization, right gastric artery was embolized
(to prevent inappropriate embolization) using Amplatzer
Vascular Plug Il 9-AVP2-016 vascular occluder (Abbot; USA).
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Fig. 3. A, B. Abdominal CT, 18.07.2022. Multiple metastatic foci (size up to 2.1 cm) in both lobes of the liver; positive dynamics compared to 04.05.2022

Chemoembolization (docetaxel 150 mg + hemostatic sponge
suspension) was performed after superselective catheterization
of afferent tumor arteries. After surgery, the patient was
prescribed pharmacotherapy as recommmended earlier, after the
first TACE of 27.01.2022.

Following studies were conducted to verify the results achieved.

Abdominal CT, 26.09.2022: the contours of the liver are
smooth, clear, the liver not enlarged, parenchyma's density
uniform, multiple metastatic foci (size up to 2.1 cm) in both
lobes of the liver (unchanged since 18.07.2022) (Fig. 4A, B).

Abdominal CT, 30.11.2022: parenchyma's density uniform,
multiple metastatic foci (size up to 1.5 cm) in both lobes of the
liver. Positive dynamics, size and number of foci reduced since
26.09.2022. The effectiveness of TACE was evaluated a month
later using CT/MRI scans with intravenous contrasting, relying
on RECIST 1.1 (Response evaluation criteria in solid tumours);
the evaluation confirmed a partial response, regression: >30%
of the sum of the largest sizes (long axes) of foci. Given the
extent of damage to the liver, process dispersion and dynamics,
in was decided to keep liver TACE in the treatment plan (Fig. 5A, B).

The decision to repeat TACE was made on 05.12.2022. The
patient was hospitalized on 05.12.2022, and on 06.12.2022
she underwent 4" TACE procedure, aimed at liver metastases.
Chemoembolization (docetaxel 150 mg + hemostatic sponge
suspension) was performed after superselective catheterization
of afferent tumor arteries.

After surgery, the patient was prescribed pharmacotherapy
as recommended earlier, after the first TACE of 27.01.2022.

Further, as per recommendations of the chemotherapist, she
received hormone therapy (anastrozole) and CDK4/6 inhibitors.
On 01.03.2023, a control abdominal CT has shown the
following: parenchyma's density uniform, single metastatic foci
(size up to 0.9 cm) in both lobes, smaller compared to 30.11.2022;
positive dynamics confirmed with RECIST 1.1 (Fig. 6A, B).

On 03.06.2023, the patient visited chemotherapist as
scheduled; positive dynamics, satisfactory haematological
parameters and absence of somatic contraindications allowed
recommending continuation of hormone therapy: CDK4/6
inhibitors — ribociclib 600 mg or palbociclib 125 mg orally from
day 1 to day 21, with an interval of 7 days, protractedly, a cycle
of 28 days, plus aromatase inhibitors — letrozole 2.5 mg or
anastrazole 1 mg daily, protractedly.

Results of chest and abdominal CT, 03.10.2023: metastatic
foci in the liver not visualized clearly since 01.03.2023;
parenchyma's density uniform, without localized condensation
or rarefication spots (Fig. 7A, B).

Given the positive dynamics, satisfactory haematological
parameters and absence of somatic contraindications, it was
recommended to continue with the combined therapy: CDK4/6
inhibitors — ribociclib 600 mg or palbociclib 125 mg orally from
day 1 to day 21, with an interval of 7 days, protractedly, a cycle
of 28 days, plus aromatase inhibitors — letrozole 2.5 mg or
anastrazole 1 mg daily, protractedly.

Results of CT, 15.01.2024: no pathological changes
discovered in the brain, neck, chest organs; metastatic foci in
the liver not visualized clearly since 03.10.2023;

Fig. 4. A, B. Abdominal CT, 26.09.2022. Multiple metastatic foci (size up to 2.1 cm) in both lobes of the liver; no changes since 18.07.2022
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Fig. 6. A, B. Abdominal CT, 01.03.2023. Singular metastatic foci (size up to 0.9 cm) in both lobes of the liver; size of the foci decreased compared to 30.11.2022

Positive dynamics allowed suggesting continuation of the
combined therapy; with the aim at preventing osteoporosis and
mitigating the recurrence risk, the following was recommended:

— bisphosphonates (zoledronic acid 4 mg IV, once in 6
months);

— colecalciferol 400-800 IU/day orally, daily, plus calcium
carbonate 500-1000 mg/day orally, daily, protractedly;

— densitometry (bone mineral density control) once a year.

Results of CT, 16.04.2024: no pathological changes
discovered in the brain, neck, chest organs; metastatic foci in
the liver not visualized clearly since 15.01.2024 (no negative
dynamics).

It was recommended to continue combined therapy.

The therapy did not cause significant toxic effects, dose
adjustment was not required; ALT and AST values spiked
periodically. Currently, the patient follows the recommendations
of the chemotherapist. She considers her condition to be

satisfactory, has no active complaints. The treatment does not
affect her quality of life.

Case discussion

Liver metastases shorten life expectancy of breast cancer
patients significantly: the median OS, according to the SEER
registries, is 20 months [9].

Surgery prescribed in connection with liver metastases
seeded by hormone-receptor positive BC with unknown
Her2 status (2*) involved TACE and injection of microspheres,
with two effects: firstly, prolonged ischemia caused by
microspheres blocking arterial flow to the tumor, and secondly,
gradual release of high-concentration docetaxel from those
microspheres pre-saturated therewith, which occurred in
the immediate vicinity of the metastases, thus minimizing
systemic side effects.

Fig. 7. A, B. Abdominal CT, 03.10.2023. Metastatic foci in the liver not visualized clearly since 01.01.2023 (positive dynamics)
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Hormone therapy and selective CDK4/6 inhibitors (ribociclib)
underpin significant achievements in the treatment of tumors
and demonstrate encouraging results (as part of the first line
regimens, they help overcome the five-year threshold), which
significantly improves respective prognoses. In the context of
MONALEESA-3randomized trial, tested both as a first and a
second line regimen drug, ribociclib proved to be highly effective
in the cohort of patients with metastatic liver damage (poorest
prognoses), contributing to the increase of their life expectancy
to 1 year, and in a heterogeneous population of patients, it
enabled growth of OS to 36.1 months (median value).

CONCLUSION

The combination of contemporary methods of treatment,
such as TACE, and classic approaches to BC-seeded liver
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The PORPI criteria (Pediatrics: Omission of Prescriptions and Inappropriate prescriptions) for assessment of treatment of comorbidities, complications and underlying
conditions in children that are accepted as the only existing instrument for detection of potentially inappropriate prescriptions, make it possible to evaluate
prescriptions in children at the inpatient and outpatients stages of care provision, similar to the Beers criteria for adults. The study was aimed to assess the structure
and rate of potentially inappropriate prescribing in the pediatric anesthesiology and resuscitation department of the multidisciplinary children's hospital based on the
adapted version of POPI criteria for non-antibiotic concomitant therapy of nosocomial infections. We analyzed 305 cases of non-antibiotic medication prescription
per 100 patients included. The rate of potentially inappropriate prescribing was 31 cases (10.5%), among which potentially inappropriate medication was prescribed
in 29 cases (9.5%), and potentially missed medication took place in three cases (1%). The highest rate of potentially inappropriate prescribing was reported for
respiratory diseases. Assessment of concomitant therapy in the critically ill children with infections revealed no significant effects on the rate of adverse reactions to
antibiotics in children. In the context of implementing medical information systems (MIS) and prescription sheets, integration of the adapted POPI criteria is topical
in terms of maintaining the quality and safety of drug therapy for treatment of concomitant diseases, conditions, and complications in children.
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MOTEHUMANIBHO HENPUEMJIEMbIE HASHAHEHWA JIEKAPCTBEHHbIX MPEMAPATOB
Y OETEN B KPUTUHECKNX COCTOAHUAX: POPI-KPUTEPUN B POCCUI

A. B. Bnacosa'2® = T, B. Kynuderko?, E. B. CmypHoBa?

' Poccuiickast MeapUmMHCKas akagemms HenpepbiBHOro npodeccrnoHansHoro obpasoBaHna MuHaapasa Poccumn, Mocksa, Poccust
2 Mopo3oBcKast ieTcKas ropoackas KnvHudeckas 6onbHuLa, Mockea, Poccus

8 Hay4Ho-1ccnenoBatenbCkuii MHCTUTYT OpraHv3aumin 30paBooXpaHeHnst 1 MeayUmMHCKoro MeHedykmeHTa, Mockea, Poccust

4 POCCUCKNIA HAUMIOHaTbHBIV MCCNefoBaTENbCKUIN MEAVLMHCKUIA yHBEPCUTET MmeHn H. . Muporoea, Mocksa, Poccust

POPI-kpuTepun (Pediatrics: Omission of Prescriptions and Inappropriate prescriptions) ans oueHky Tepanum ConyTCTBYOLWMX 3aboneBaHumii, 0CNOXHEHNI
1 POHOBbIX COCTOSHWI Yy A€TEN, MO aHanorum ¢ KpUtTepuaMn brpca y B3pochbix, MPU3HaHbl €AMHCTBEHHbBIM CYLLECTBYIOLMM UHCTPYMEHTOM BbISBNEHNS
NMOTEHUMAIIBHO HEMPUEMEMbIX HA3HAYEHMI, MO3BOMSIOT OLEHUTb HA3HAYEHVISt IEKAPCTBEHHBIX MPEnapaToB y AeTel Ha CTALWIOHAPHOM 1 aMBynaTopHOM 3Tane
oKasaHus MeamUMHCKOM nomMoln. Llenbto nccnepoBaHnst 6610 U3y4nTb CTPYKTYPY WM HacTOTy MOTEHLMANbHO HEMOAXOAALLMX Ha3HAYEHUI NeKapCTBEHHbBIX
npenapaToB B AETCKOM oTAeneHn AP [eTckoro MHOronpouibHOro ctauvoHapa Ha 0CHOBe aaanTupoBaHHoi Bepcun POPI-kpuTeprneB ans ConyTCTBYIOLLEN
HEaHTUMUKPOOHOM Tepanum Npu HO30KOMManbHbIX MHAeKUmAX. MpoBogmnn aHanma 305 cnyyaeB HasHa4eHVs HEaHTUMMKPOBHbIX NeKapCTBEHHbIX NMpenapaTos
Ha 100 BK/KOYEHHBIX NMaLUMEeHTOB. YacToTa noTeHUmansHo HenpremnemMblx HagHadeHuin coctaBuna 31 (10,5%) cnydail, n3 HUX noTeHUManbHO HeHaanexallee
NeKapcTBO HasHaveHo B 29 (9,5%) cnyyasix 1 noTeHumanbHO MponyLeHo nekapcTtBo — B Tpex (1%) cnydasx. Cambili BbICOKMIA YPOBEHb MOTEHLMANBHO
HenpremneMbIx Ha3Ha4eHN BbIABNEH MPY peCnMpaTopHbIx 3abonesaHmsx. OueHKa ConyTCTBYIOLLEN Tepanin y AeTeNn C MH(EKLUMEN B KPUTUHECKMX COCTOAHMSAX
He BblIsiBUNa CTAaTUCTUYECKM 3HAUYMMbIX BIVSIHWIA Ha YacTOTYy HeXkenaTeflbHbIX peakUmin Ha aHTUOWOTVKN Y AeTei. B ycnoBusix BHeOPEHWUS MEAMLMHCKIX
nHopMaLoHHbIx cucteM (MC) 1 nicTa HagHa4eHWin nHTerpaums agantupoBaHHbix POPI-kpuTepres akTyanbHa Ans NoAaepKaHns kadecTsa 1 6e30nacHOCTH
NEKaPCTBEHHON Tepanuy COMyTCTBYHOLLMX 3a60NeBaHNiA, COCTOAHWN 1 OCNIOKHEHNI Y OETEN.

KntoueBble cnoBa: [Ty, NMOTEHLMANbHO HeMprememble HasHaqeHVisi, NoTeHUMaIbHO NPOMYLLEHHOE NIEKaPCTBO, MOTEHLWAabHO HeHaaexallee NekapcTeo
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The incidence of adverse drug reactions (ADRs) in pediatric
population reported for hospitalized patients is 9.53%, while
that reported for ambulatory patients is 1.46%; the rate of
ADRSs resulting in hospitalization of children is 2.09% [1].

The incidence of ADRs among children is twice higher than
among adults (it is four times higher among newborns); about
7000 children die annually due to medication errors, and the
rate of irrational drug use reaches 12-32% [2, 3].

The limited data on the impact of drug therapy in pediatric
patients with comorbidities on the ADR incidence make
assessing safety of prescriptions at the anesthesiology and
resuscitation departments a pressing issue. Studies of the
procedure of using the Pediatrics: Omission of Prescriptions
and Inappropriate Prescriptions (POPI) criteria for assessment
of therapy for concomitant disorders, complications, and
underlying conditions on children [2, 4-6], similar to the
Beers criteria for adults [6], in the context of implementing
medical information systems and prescription sheets require
assessment of medication prescription practice existing in
each medical institution aimed at reducing errors.

Many researchers believe that development of the criteria
for prescription appropriateness evaluation in children is in
its infancy; only three criteria sets were available for children
[6-8]. The criteria for prescription evaluation in children were
first developed by pediatric medical experts from France in
2011 [6], then POPI criteria were issued in the UK [7]. In
2022, the Chinese researchers, who were puzzled by the
lack of instrument for prescription appropriateness evaluation
in children after assessment of their own clinical practice,
published a comprehensive systematic review of the existing
instruments for determination of prescription appropriateness
in children and fesibility of these prescriptions in clinical practice
[2]. Prescription is considered to be appropriate when it is
complicant with the indications, well-tolerated by the majority
of patients, and economically justified. According to one of the
proposed concepts [9], potentially inappropriate prescribing
(PIP) is characterized by the presence of one component
out of two: potentially inappropriate medication (PIM) and
potentially omitted medication (POM). The judgment of PIM is
based on the cases, when potential risks of ADRs outweight
potential clinical benefits, especially when there is a more safe
or effective alternative. PIM usually includes prescription errors:
wrong choice, dose, duration, risk of potential interaction with
other drugs or foods, etc., or overprescribing (polypharmacy).
The judgment of POM is based on the identified cases of
withholding showing significant benefits potentially imporoving
the patients’ life expectancy or quality of life provided that there
are no contraindications, including cases of prescribing the drug
approved by the national authorities or clinical guidelines [9].

The study was aimed to assess the structure and
rate of potentially inappropriate mediation in the pediatric
anesthesiology and resuscitation department based on the
adapted version of POPI criteria.

METHODS

A prospective observational study conducted at the Morozov
Children's City Clinical Hospital between 01 February 2020 and
01 September 2021 was focused on assessing concomitant
therapy with the regularly used drugs in 100 critically ill children
with nosocomial infections (44 boys, 56 girls) aged 0-17 years
[10]. The average age of children was 5.36 + 5.5 years, no
significant differences in gender and age were reported.
Inclusion of patients in the study was interrupted from
20 February 2020 to 30 November 2020 for the period, when

the hospital accepted patients with novel coronavirus infection
(COVID-19).

Inclusion criteria: infections with the risk factors of
multidrug-resistant pathogens — types II-IV if stratified by
AMS1; presence of symptom complex based on the criteria for
compliance with the definite, probable or possible nosocomial
infection based on the microbiological data [11] according
to the definition of the US Centers for Disease Control and
Prevention (CDC) [12] and the European Centre for Disease
Prevention and Control (ECDC) [13]; positive results of the
biomaterial microbiological testing involving isolation of the
etiologically significant multidrug-resistant microorganism.

All the patients had indications for the use of antimicrobials
in accordance with the established criteria for complicance
with the standard case of determining the nosocomial infection
caused by resistant microorganisms based on the CDC and
ECDC criteria [11-13].

Exclusion criteria: novel coronavirus infection (COVID-19);
cancer; community-acquired infections with no risk factors of
multidrug-resistant pathogens — type | if stratified by AMS;
end-stage organ and system failure as competing with the
infection for primary diagnosis or condition. Other exclusion
criteria: children under guardianship.Previous/concomitant
therapy was of no importance for inclusion in the studly.

Evaluation of concomitant therapy (non-antimicrobial) in
critically ill children was performed using POPI criteria (2019
version, amended and supplemented) [5]. The method is
similar to the Beers criteria for adults. The plan of evaluation
procedures and personalized assessment of the use of POPI
criteria are provided in Table 1.

In critically ill patients, systemic unflammation associated
with infection was assessed based on the levels and dynamics
of inflammatory markers: C-reactive protein and procalcitonin.
The antimicrobial therapy efficacy was estimated based on the
2-fold decrease in the levels of procalcitonin and/or C-reactive
protein. When estimating the dynamics, the imaging results for
to the infection site were taken into account. When there were
multiple infection sites, during assessment priority was given
to the zone of interest showing the most prominent signs of
involvement.

Statistical processing of the results was performed using
the IBM SPSS Statistics v26 software package (IBM; USA). The
odds ratio was used to compare the chances of obtaining the
desired results in two groups of dichotomous variables.

Inclusion in the study took place at the time of infection:
in 81 children, infection developed during their stay at the
anesthesiology and resuscitation department agaist the
background of underlying disorder or postoperative condition;
in 19 patients, the infection caused by resistant pathogens
resulted in admission to the anesthesiology and resuscitation
department.

The characteristics of patients based on their underlying
disorders are provided in Table 2. A total of 49 pediatric patients
predominated in the structure of patients based on the primary
diagnosis. Among them 19 children were initially admitted to
the anesthesiology and resuscitation department due to devere
pneumonia: 12 children with community-acquired pneumonia
and 7 with aspiration pneumonia. Children with pneumonia had
a comorbidity, epilepsy (regular use of low-to-medium doses
of valproates at the prehospital stage of the use of these in
combination with lamotrigine). Among them 30 children had
multiple developmental defects: malformations of the kidney,
GIT, CNS (regular use of proton pump inhibitors prescribed at
the prehospital stage and resumed at the time of inclusion in
the study). Postoperative surgical conditions ranked second
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Table 1. Personalized assessment of non-antibiotic therapy based on POPI criteria for 100 patients of the anesthesiology and resuscitation department [5]

Present, 1 point (yes/no),
Assessment criterion number of patients assigned
1 point
NSAIDs as antipyretics:
Oral drug other than paracetamol as first-line treatment 1 yes 3
Rectal paracetamol as first-line treatment 1 no 0
Two antipyretics (paracetamol + ibuprofen) as first-line treatment 1 no 0
Oral ibuprofen 10 mg/kg 3 times/day 1 no 0
Combination of 2 NSAIDs is prescribed (except rectal paracetamol) 1 yes 14
Score > 1 — therapy adjustment is required total 17
Treatment of pain syndrome:
The use of oral sugar or glucose solution 2 min before venipuncture in is not prescribed to newborns and infants under the 1 yes 9
age of 4 months
Osmotic laxative is NOT prescribed for more than 48 h after prescription of morphine 1 yes 0
Score = 1 — prescription adjustment is required total 9
Vitamins [5]:
Breastfeeding: vitamin D in a dose of 1000-1200 |U/day 1 yes 9
Bottle-feeding, age under 18 months, infant formula is enriched with vitamin D: 600-800 1U/day 1 no
Children aged between 18 months and 5 years and adolescents aged 10-18 years in witer: taking two doses of vitamin D 1 no 0
per quarter (80 000-100 000 1U/day) [5]
Score = 1 — no prescription adjustment is required total 9
Nausea, vomiting, gastroesophageal reflux:

Metoclopramide is prescribed 1 no 0
Domperidone is prescribed 1 yes 2
Oral administration of intravenous proton pump inhibitor or administration by nasogastric tube 1 no 0
Protonlpulmp inhibitors ortype H2 antihistamines are prescribed to individuals with the following disorders: gastroesophageal 1 no 0
reflux, indigestion (nausea, vomiting)
Proton pump inhibitors are prescribed to patients with no risk factors, who are through the short course of NSAID, as a 1 no 0
preventive measure
Type H2 antihistamines are used for long periods 1 no
Score > 1 — prescription adjustment is required total 2

in the structure of patients based on the primary diagnosis:
22 patients with multiple developmental defects who were
through postoperative period: nine patients after gastrostomy
feeding tube insertion and 13 patients after reconstructive
surgery of the GIT, among them six children still needed pain
relief (NSAIDs) during the postoperative period, and proton
pump inhibitors were regularly used in 12 children. Congenital
heart defects in the postoperative period without artificial
circulation were reported in 20 children, among them three
children needed pain relief (NSAIDs) for more than three days;

Table 2. Characteristics of patients based on the underlying disease

regular use of spironolactone was reported in one child, and
regular use of PPIs in three children. Neonatal diseases were
reported in nine children (accompanying treatment with drugs
for regular use is provided in Table 2); two vasopressors due to
infectious disease were used in six children, and diuretics were
used in eight children.

Patients were included in the observational study at the
time of infection. Furthermore, in 81 children, manifestation of
the infection occurred during their stay at the anesthesiology
and resuscitation department against the background of the

Concomitant diseases Number of patients Therapy for concomitant disease, Non-ant|m|cr_ob|al therapy a? the time
. ) of enroliment in the anesthesiology and
(conditions) (n=100) number of children -
resuscitation department
Two vasopressors due to infectious
Neonatal diseases 9 (9%) No disease — six children, diuretics —
eight children
Congenital heart defects in the N SO ;Ig;)s_e: 3 Two vasopressors due to infectious
postoperative period without artificial 20 (20%) X ; ’ disease — 12 children,
. . diuretics — 1, . . R
circulation diuretics — 20 children
PPI—3
Of those: Two vasopressors due to infectious
Postoperative surgical conditions 22 (22%) NSAIDs — 6, disease — 8 children,
PPl —12 diuretics — 8 children
Somatic perdiatric diseases (epileps Of those: anticonvulsants — 20, Two vasopressors due to infectious
ol é’evelo ool defectg) psy, 49 (49%) NSAIDs — 8, disease — 18 children,
P P PPl — 29 diuretics — 20 children
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underlying disorder or postoperative condition; in 19 cases,
infections caused by resistant pathogens resulted in admission
to the anesthesiology and resuscitation department. Children
with ventilator-associated pneumonia (VAP) predominated
among individuals included in the observational study —
41 (41%), along with children with catheter-associated
bloodstream infections (CRBSI) — 30 (30%) and surgical site
infections (SSI) — 19 (19%); nosocomial urinary tract infections
(nosocomial UTI) reported in seven children (7%) and skin
and soft tissue infections (SSTI) reported in three children
(8%) were less frequent. Predominance of Enterobacterales
associated with VAP in the anesthesiology and resuscitation
department should be noted in 16 cases (40%), among
which high levels of resistance took place in four cases (10%).
Acinetobacter complex was often isolated from the trachea
(11 patients (27%)), mostly having preserved susceptibility
to the major classes of antimicrobials. However, a pan-
drug resistant strain of Acinetobacter complex was isolated
in two patients. Isolation of P aeruginosae was reported
in 9 patients (23%). Gram-negative bacteria with high levels
of antibiotic resistance were most often plated in 30 children
with ¢ CRBSI. Thus, carbapenemase-producing bacteria were
isolated in seven patients (34%): Pseudomonas aeruginosa in
two cases and entherobacteria in five cases. The Candida
pathogenic fungi were isolated from the blood cultures of 10
patients (33%); predominance of C. parapsilosis resistant
to the azole antifungal agents was reported. Gram-positive
bacteria were isolated from the blood cultures of nine patients
(80%): coagulase-negative staphylococci in six patients and
Staphylococcus aureus in three patients. C. parapsilosis was
isolated from the intraoperaive material of 19 patients admitted
to the anesthesiology and resuscitation department with SSI,
members of the genus Enterobacterales and coagulase-negative
staphylococci were reported in five patients (26.5%), respectively.

The length of children’s stay at the anesthesiology and
resuscitation department associated with various infections
was on average 18-26 day. The longest patients’ stay at the
anesthesiology and resuscitation department was reported
for VAP — about 26.46 days, CRBSI — 23.83 days, and
complicated UTI — on average 23.43 days; the length of stay
for SSI was 18.26 days and that for SSTI was 18.33 days.
Thus, patients usually stayed in the ICU until their third week at
the anesthesiology and resuscitation department.

RESULTS

Among all children enrolled, the initially prescribed antimicrobial
therapy was effective in 85 children (85%). Timing of the
antimicrobial de-escalation (ADE) was estimated. In 64
children (75.3%), treatment was changed on day 8.28 (14.51)
as part of de-escalation, which was assessed as one course
of antimicrobial therapy. In patients with severe systemic
inflammation (high levels of CRP and procalcitonin), ADE was
delayed or not performed throughout the patient’s stay at the
department. When de-escalation was performed in the line
unit after transfer from the anesthesiology and resuscitation
department, the fact of de-escalation was not considered in
accordance with the protocol of our observational study. Among
all the patients enrolled, de-escalation was not performed in
15 children (15%) due to inefficient antimicrobial therapy. Among
them 12 children (12% of patients included in the study) needed
prescribing the second course of antimicrobial therapy due to
alternation of the clinically significant microorganism without
alternation of the site of infection, the so-called “leading”
causative agent of infection amidst “slipping away” of the

applied therapy effect. Three children (3% of patients included in
the study) needed prescribing the third course of antimicrobials
due to “slipping away” of the effect against the background of
antimicrobial drug therapy and alternation of the site of infection.
In such cases there was CRBSI with subsequent VAP.

In our observational study, during three weeks of stay at the
anesthesiology and resuscitation department each pediatric
patient with infection experienced 1-2 changes in the course of
antimicrobial therapy; combinations of antibacterial and antifungal
drugs were used. According to Table 2, 40 children (40% of all
patients included in the study) received concomitant treatment. The
use of NSAIDs required adjustment in 17 patients (17%), treatment
of pain syndrome had to be adjusted in 9 patients (9%), and
adjustment of antireflux medication was required in 2 patients (2%).

In accordance with the aim of the study, we assessed the
rate of potentially inappropriate prescribing in the anesthesiology
and resuscitation department based on the adapted version of
POPI for concomitant treatment. The number of concomitant
prescriptions was 305 per 100 patients enrolled, which
corresponded to 3.05 prescriptions per patient. Furthermore
there were 31 cases (10.5%) of potentially inappropriate
prescribing, among them potentially inappropriate medication
was prescribed in 29 cases (9.5%) and potentially omitted
medication took place in 3 cases (1%).

DISCUSSION

We have found several studies focused on assessing the rate
of potentially inappropriate prescribing in pediatric hospitals; only
one study was matched by the patient sample size for comparative
analysis. In this study the rate of potentially inappropriate prescribing
in the pediatric anesthesiology and resuscitation department
reached 5.2% of cases, among which potentially inappropriate
medication took place in 2.9% of cases and potentially omitted
medication in 2.3% of cases; in contrast, the rate of potentially
inappropriate prescribing in the pediatric emergency department
was 18.4%, among which potentially inappropriate medication took
place in 12.3% of cases and potentially omitted medication in 6.1%
of cases. The highest rates of potentially inappropriate prescribing
were reported for respiratory diseases and gastrointestinal tract
disorders. The authors have shown that POPI criteria are currently the
only available instrument for identification of potentially inappropriate
prescriptions of concomitant therapy to children, which in practice
has shown its effectiveness in an inpatient pediatric emergency
department and turned out to be not entirely suitable for assessing
concomitant therapy in children admitted to the anesthesiology
and resuscitation department [2, 3].

The findings of our observational study focused on
assessing concomitant therapy in children staying at the
anesthesiology and resuscitation department show that the
rate of potentially inappropriate prescribing is 10.5%, of that
the rate of potentially inappropriate medication is 9.5% and the
rate of potentially omitted medication is 1%. The highest rate
of potentially inappropriate prescribing has been reported for
treatment of respiratory diseases.

The identified differences between two studies of similar cohorts
can, on one hand, be explained by different models of building a
prescription sheet in the medical information system, but on the
other hand these may point to the national specifics of the clinical
decision-making support systems in China and Russia based on
the clinical recommendations and guidelines supported in each
country. Currently, POPI criteria are considered to be the only
available instrument for identification of potentially inappropriate
prescriptions that can be used for comparative assessment and
improvement of pediatric clinical practice.
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CONCLUSIONS

In this observational study, we analyzed potentially
inappropriate prescribing of concomitant therapy to children
with infections in the anesthesiology and resuscitation
department: the number of concomitant therapy prescriptions
was 305 cases per 100 patients included in the study, which
corresponded to 3.05 prescriptions per patient; the rate of
potentially inappropriate prescribing was 10.5% of cases,
of that the rate of potentially inappropriate medication was
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AMINO ACID PROFILE IN DIMINISHED OVARIAN RESERVE
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Diminished ovarian reserve (DOR) represents a relevant issue of reproductive medicine that is often associated with infertility and reduced efficacy of IVF programs.
The changes in amino acid metabolism can play a role in the DOR pathogenesis as manifestations of the folliculogenesis and oogenesis epigenetic alterations.
The study was aimed to assess alterations of amino acid metabolic pathways in blood plasma and follicular fluid and estimate their clinical significance in DOR.
A total of 115 infertile women aged 25-42 years were included in the study. Groups were formed based on the ovarian reserve and age. Amino acid levels in
blood plasma and follicular fluid were assessed by high performance liquid chromatography-mass spectrometry (HPLC-MS); bioinformatics analysis of amino acid
metabolic pathways was performed. We revealed significant changes in the phenylalanine, tyrosine and tryptophan biosynthesis (effect = 0.5; p = 0.026), alanine,
aspartate and glutamate metabolism (effect = 0.114; p = 0.013), and arginine biosynthesis (effect = 0.289; p < 0.001) pathways playing a role in folliculogenesis,
oogenesis, and embryogenesis. The detected differences in the amino acid levels in various body fluids made it possible to construct the logistic regression models
confirming DOR with the 88% probability based on the amino acid levels in follicular fluid (sensitivity 88%, specificity 84%) and 82% probability based on plasma
levels (sensitivity 65%, specificity 91%). The findings can be used for further research focused on the pathogenesis of infertility associated with DOR and for selection
of the most optimal diagnostic and treatment tactics.
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AMUHOKUCIOTHbIN NPO®WJTb NPU CHUXXEHHOM OBAPUAJIBHOM PE3EPBE

A. A. Tasncosa' ™, M. A. LLlesuoga’, M. O. Jlbeoga', . A. Buptokosa', M. X. M6parumoga', A. B. Hoeocenosa', M. H. tOwwHa', B. B. YaroseLt',
B. E. ®paHkeBmny'?

" HaumoHanbHbIM MeguUMHCKIIA MCCNeaoBaTeNbCK LIEHTP akyLLepcTBa, MHEKOoNorm 1 nepuHatonorim nvenn B. V. Kynakosa, Mocksa, Poccust
2 Ore0yY BO «Curbunpckuin rocyaapcTBeHHbI MEOULMHCKIN yHMBEpCUTET», MH3apasa Poccun, Tomck, Poccus

CHWKeHHbI oBapuanbHbI pe3eps (COP) aBnaeTca ofHoM 13 akTyanbHbIX NPo6remM pPenpoayKTUBHOWM MeAULIMHBI U HacTo accoummMpoBaH ¢ becnnoamem u
yMeHbLUeHVeM addexTBHOCTI nporpamm SKO. VI3meHeHre meTabonmama aMMHOKMCIIOT MOXKET UrpaTh posb B natoreHede COP kak MPOSBNEHNE SMUreHETUHECKINX
HapyLLeHWiA B NpoLieccax honnmkyno- 1 ooreHesa. Lienbto nccnenosaHnst 66110 NpoaHamamnpoBaTh N3MEHEHNST METABONIMHECKVX MyTell aMMHOKCIOT B niasme
KPOBW 1 (PONINKYNSAPHON XKNAKOCTI 1 OLEHUTL UX KNMHMYeckoe 3HadverHne npu COP. B nccnepoBanme Bownm 115 xeHLLMH B Bo3pacTe 25-42 neT ¢ becnnogvem.
[pynnbl b cHOPMMPOBaHbI B 3aBUCUMOCTI OT OBapuanbHOrO pesepsa v Bo3pacTa. BbinonHeHO vccnefoBanme ypoBHE aMUHOKUCAOT B Mias3mMe KpoBu
1N ONNMKYNSPHON XMAKOCTU METOAOM BbICOKO3MMEKTUBHOM MKNOKOCTHOW XpomaTtorpadun ¢ AeTEKTMPOBaHEM Ha Macc-crnekTpomeTpe (BOXKX-MC) n
npoBefeH B1oMHAOPMAaTUHECKMIA aHaNM3 nx MeTabonmyeckux nyten. OBHaPY>KEHO CTATUCTUHECKM 3HAYUMMOE U3MEHEHME MyTei BUoCKHTE3a (heHnnanaHmnHa,
TMPO3uHa 1 TpunTodaHa (BnuaHne = 0,5; p = 0,026), meTabonmnama anaHvHa, acnaprara v mytamara (BmmaHne = 0,114; p = 0,013) n buocuHTesa apruHnHa
(BnmsiHMe = 0,289; p < 0,001), urpatoLmx ponb B Npoueccax honnkyno-, ooreHeda 1 ambpuoreHesa. ObHapy»KeHHbIe Pa3nnyms B CoaepKaHn aMMHOKMCIOT B
Pasnn4HbIX BUONOMNHECKIMX XKAKOCTSX MO3BONMIN PadpaboTaTb MOAENM TOrMCTUHECKON perpeccun, noareepxaatoLLie COP ¢ BeposaTHOCTEIO 88% Mo ypOoBHAM
AMUHOKMNCIIOT B (DONIIMKYNIAPHON XXNAKOCTY (HyBCTBUTENBHOCTL — 88%, cneumdun4HocTb — 84%) 1 82% Mo ypoBHAM B Mia3me KPOBM (HyBCTBUTENBHOCTL — 65%,
cneunuyHoCTb — 91%). OTW pesynbTaThbl MOryT ObITb MCMONL30BaHb! ANS AaslbHENLLINMX UCCnefoBaHWiA natoreHe3a 6ecrnnoans npu COP 1 Bbibopa Hanbonee
OMTVMasbHOWM TaKTUKN AMArHOCTUKN 1 IEHEHUS.

KnioyeBble cnoBa: aMMHOKUCNIOTHbIN MPOMIIb, METABON3M, METAOONMHECKIA My Tb, PENPOAYKTUBHbIN BO3PACT, 6eCnnoamne, CHUKEHHbI OBapuaribHbIi Pe3eps,
OKO, BaXKXX-MC
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Diminished ovarian reserve (DOR) represents a relevant issue of
reproductive medicine. The reduced antral follicle counts (AFC),
decreased anti-mullerian hormone (AMH) levels and elevated
basal follicle-stimulating hormone (FSH) levels in blood serum
result in infertility, poor ovarian response, deterioration of oocyte
quality, the decrease in fertilization and pregnancy rates in in
vitro fertilization programs (IVF/ ICSI), and the increase in the
rate of early pregnancy loss [1].

The hormone and amino acid metabolism that can reflect
epigenetic alterations of the folliculogenesis and oogenesis
processes [2] is characterized not only by changes in the levels
of certain metabolites, but also in their interaction in the form of
complex metabolic “networks” [3]. Considering the cumulative
contribution of the endocrine and metabolomic alterations of
blood and follicular fluid to the cell metabolism and their impact
on the outcomes of IVF programs, we can uncover some
pathogenetic mechanisms of DOR and determine metabolites
that can serve as potential biomarkers for estimation of ovarian
reserve [4, 5].

In our previously published study, a significant decrease
in plasma levels of such amino acids, as sarcosine and
tryptophan, decreased levels of phenylalanine, tryptophan,
methionine, asparagine, arginine, and lysine in follicular fluid, and
the correlation of those with the indicators of folliculogenesis,
oogenesis, and early embryogenesis in the IVF program were
found in women with infertility and diminished ovarian reserve [6].

The study was aimed to assess alterations of amino acid
metabolic pathways in blood plasma and follicular fluid and
their correlation with age, as well as to estimate their clinical
significance for the DOR pathogenesis.

METHODS

The prospective observational study involved infertile women of
childbearing age, who contacted the Kulakov National Medical
Research Center for Obstetrics, Gynecology and Perinatology
for IVF program.

The total sample consisted of 115 women, who were
divided into groups with DOR (anti-mullerian hormone (AMH)
< 1.2 ng/mL, antral follicle counts (AFC) < 5)) and normal
ovarian reserve (AMH = 1.2 ng/mL, AFC = 5). To clarify the
effect of age on the amino acid profiles of infertile women, the
studied groups were further stratified by age: under the age
of 35 years and over the age of 35 years. Inclusion criteria:
childbearing age (25-42 years); not getting pregnant for at least
one year of regular sexual activity without birth control; consent
to study participation. Exclusion criteria: contraindications to
ART; history of ovarian surgery; immunodeficiencies; systemic
connective tissue disorders and rheumatic diseases; cancer of
any etiology; chromosomal and genetic abnormalities; the use
of donor oocytes or embryos, surrogacy.

All the patients underwent mandatory assessment prior to
entering the assisted reproductive technology (ART) programs
in accordance with the regulatory documents [7]. The levels
of amino acids and their metabolites in blood plasma and
follicular fluid were determined by high performance liquid
chromatography—-mass spectrometry (HPLC-MS) using the
Agilent 1260 Il liquid chromatography system (Agilent; USA)
and the Agilent 6460 mass spectrometer (Agilent; USA). The
parameters of mass spectrometry and chromatographic
separation were set in accordance with the guidelines provided
in the JASEM manual on amino acid analysis (JASEM; Turkiye).

Prior to statistical processing the HPLC-MS data were
normalized to the composite signal of all analytes and converted
into the standardized format using the following formula [9]:
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" stddev(x)

where z, — standardized parameter value, x, — initial
parameter value, x — average parameter value, stddev(x) —
standard deviation for the population.

The search for metabolic pathways potentially involved in
the DOR pathogenesis was performed using MetaboAnalyst via
analysis of the involvement of amino acids, the levels of which
differed significantly between the study groups. The metabolic
pathway enrichment was assessed by the over-representation
analysis (ORA) based on the hypergeometric test. Statistical
significance of the metabolic pathway was determined using the
hypergeometric test and the Benjamini-Hochberg procedure.
Statistical significance of the pathway (p) corresponded to the
probability of the experimental data random intersection with
the metabolites of particular metabolic pathway (Fisher’s exact
test). The disease-associated pathways were considered to be
significant at the false discovery rate (FDR) below 0.05.

The logistic regression models were developed to assess
the possibility of classifying patients into groups based on the
amino acid profiles of blood plasma and follicular fluid. For that
all possible combinations of amino acids were considered as
independent variables, while the patient’s membership in one
of the groups was considered as the dependent variable.
The quality of models was estimated by ROC analysis and
calculation of sensitivity and specificity. From all models, four
with the largest area under the ROC curve (AUC) were selected.
The Wald test, 95% confidence interval (Cl), odds ratio (OR) and
its confidence interval were calculated for each model.

The R scripts created using the Rstudio program were
used for statistical processing of the HPLC-MS data [8]. The
data distribution type was determined before conducting
comparative metabolomic data analysis in the studied groups
(Kolmogorov—Smirnov test, graphic data analysis).

When the data distribution was normal, the mean and
standard deviation M (SD) were determined; Student’s t-test
was used to assess the differences in the groups. When the
data distribution was non-normal, the data were presented
as the median and interquartile range Me (Q,; Q,), the amino
acid levels were compared using the nonparametric Wilcoxon—
Mann-Whitney test. The threshold significance level (p) was
considered to be 0.05.

RESULTS

The subjects’ clinical, anamnestic, and endocrine characteristics
are provided in Table. 1. All the patients were matched by age
and anthropometric indices, had regular menstrual cycle; their
average age was 37.2 + 5.3 years. No significant differences in
the rates of gynecological and somatic disorders were revealed.
Patients with DOR had a significantly shorter menstrual cycle,
lower antral follicle counts, and lower AMH levels. The endocrine
profile analysis revealed an upward trend of FSH levels and a
downward trend of androgen (androstenedione and DHEA-S)
levels.

Assessment of amino acid profiles in the DOR group
revealed a significant decrease in plasma levels of sarcosine
and tryptophan and the decrease in the levels of phenylalanine,
tryptophan, methionine, asparagine, arginine, and lysine in
follicular fluid. The detailed analysis results have been published
earlier [6]. The analysis of metabolic pathways involving amino
acids with significantly lower levels was performed.

Alterations of the blood plasma and follicular fluid amino
acid profiles associated with infertility and DOR have the most
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Table 1. Clinical characteristics of women included in the study

Indicators Group 1 DOR (n = 50)*** Group 2 NOR (n = 65)** P
Age, years* 38.2 (6.18) 37.4 (4.6) 0.27
Age of menarche, years* 13.2(1.2) 13.6 (1.4) 0.2
Length of menstrual cycle, days* 27.5(1.99) 28.8 (1.7) 0.002
AFC* 4.6 (2.9 13.0(7.3) < 0.001
AMH, ng/mL** 0.65 (0.32; 0.92) 2.7 (1.9; 4.6) < 0.001
LH, mlu/mL* 5.8 (4.1-13.4) 4.1 (3.4-9.4) 0.2
FSH, miU/mL* 8.3 (7.9-12.6) 6.5 (5.1-7.6) 0.1
DHEA-S, pmol/L** 3.8 (1.9;5.4) 5.1(4.1;6.9) 0.14
Androstenedione, nmol/L** 45 (2.8;7.8) 9.2 (7.9; 9.9) 0.09

Note: “* — M (SD), t-test; ** — Mann-Whitney U test; ** — median (interquartile range).

prominent effect on the biosynthesis of phenylalanine, tyrosine,
and tryptophan (effect = 0.5, p = 0.026). We also revealed
significant impact on the arginine biosynthesis (effect = 0.289,
p <0.001), aspartate metabolism (effect = 0.25, p = 0.027),
alanine, aspartate, and glutamate metabolism (effect = 0.114,
p = 0.013) (Fig. 1; Table 2).

The logistic regression models allowing one to distinguish the
blood plasma an follicular fluid samples collected from patients
with DOR and controls were constructed based on the amino
acid profile analysis by HPLC-MS. All possible combinations of
amino acids were used to construct the models. ROC analysis
was performed for each model, and four models characterized
by the largest area under the ROC curve (AUC) were selected.

The model constructed based on the age and the serine,
tyrosine, and phenylalanine levels had the largest AUC (0.82).
Specificity and sensitivity were 94 and 68%, respectively, and
the threshold value was 0.69. All the models constructed
included age and phenylalanine levels (Fig. 2; Table 3).

The logistic regression models similar to the earlier reported
ones were also constructed for follicular fluid. All models had
the same area under the curve (AUC = 0.88). Models 1 and 2
were characterized by higher sensitivity (84%), while models 3
and 4 had higher specificity (88%). All the models constructed
included phenylalanine. This was clearly due to the fact that
there were the largest differences in the levels of this amino acid
between groups (Fig. 2; Table 3).

Table 2. Involvement of the amino acids characterizing DOR in metabolic pathways

To clarify the effect of age on the amino acid profiles, patients
of both groups were divided into two subgroups: under the age
of 35 years and over the age of 35 years. In the late reproductive
stage group (over the age of 35 years) with DOR, a significant
decrease in plasma levels of lysine, glutamine, serine, glycine,
threonine, tyrosine, leucine, tryptophan, glutamic and aspartic
acids was revealed, along with the increase in proline levels
(Fig. 3A). However, no age-related alterations of the follicular
fluid amino acid profiles were revealed in women with infertility
and DOR (Fig. 3B). Furthermore, women with normal ovarian
reserve showed no significant age-related alterations of both
blood plasma and follicular fluid amino acid profiles (Fig. 3C, D).

DISCUSSION

The findings suggest that amino acid metabolism alterations
play an important role in the DOR pathogenesis. According
to our results, DOR is characterized by alterations of the
phenylalanine, tyrosine and tryptophan biosynthesis, i.e.
biosynthesis of the aromatic amino acids representing
precursors of neurotransmitters, serotonin and catecholamines
(dopamine, norepinephrine and epinephrine), the deficiency
of which can result in oxidative stress having a toxic effect on
the folliculogenesis and oogenesis [10]. Phenylalanine plays
an important role in the formation of protein tertiary structure
and stabilization of protein structures [11]. The decrease in

Pathway Total Markers p FDR | Effect
KEGG
Biosynthesis of phenylalanine, tyrosine and tryptophan 4 1 0.026 0.0429 0.5
Phenylalanine metabolism 10 1 0.063 0.5866 0.357
Biosynthesis of arginine 14 3 < 0,001 0.0029 0.289
Tryptophan metabolism 41 1 0.236 1 0.143
Alanine, aspartate and glutamate metabolism 28 2 0.013 0.0272 0.114
Arginine and proline metabolism 38 1 0.22 1 0.111
Cysteine and methionine metabolism 33 1 0.194 1 0.104
Biosynthesis of aminoacyl-tRNA 48 8 < 0,001 1.68E-09 0
HMDB (Human Metabolome Database)

Aspartate metabolism 34 2 0.027 1 0.25
Urea cycle 23 1 0.169 1 0.154
Arginine and proline metabolism 48 1 0.324 1 0.082
Ammonia metabolism 25 1 0.18 1 0.033
Biotin metabolism 7 1 0.054 1 0

Note: FDR — false discovery rate.

BULLETIN OF RSMU | 2, 2024 | VESTNIKRGMU.RU



OPUIMMHAJIBHOE NCCJIEQOBAHUE | TMHEKOJIOI A

KEGG SMPDB
A ° B
108 1.6 - -
8 - 1.4 4
e 5
1.2 4
g 6
g 10 e
4 3@ s
08-° 2
- o O4 O
2 - @5 0.6
1 @ o
8 6 2 3
8 TOO 4 s l8 O
T T T T T 1 ST T T T T 1
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.05 0.10 0.15 0.20 0.25
Pathway Impact Pathway Impact

Fig. 1. Map of metabolic pathways involving amino acids showing significant differences in the blood plasma and follicular fluid levels between groups (Kyoto
Encyclopedia of Genes and Genomes, KEGG): 1 — biosynthesis of phenylalanine, tyrosine and tryptophan; 2 — phenylalanine metabolism; 3 — biosynthesis
of arginine; 4 — tryptophan metabolism; 5 — alanine, aspartate and glutamate metabolism; 6 — arginine and proline metabolism; 7 — cysteine and methionine
metabolism; 8 — biosynthesis of aminoacyl-tRNA. Small Molecule Pathway Database (SMPDB): 1 — aspartate metabolism; 2 — urea cycle; 3 — arginine and proline
metabolism; 4 — ammonia processing; 5 — biotin metabolism.). The Y-axis and the node color reflect statistical significance of the identified amino acids’ involvement
in appropriate metabolic pathways; the x-axis and the node radius reflect the studied metabolites’ effect of the pathway

phenylalanine levels observed in women with DOR in our study included in all logistic regression models with the greatest
is consistent with the results reported by other authors [12].  significance.

The role of phenylalanine in the DOR pathogenesis was been The decrease in the levels of phenylalanine being the main
also confirmed by the fact that in our study phenylalanine was  substrate for tyrosine synthesis in the body is associated with the

Table 3. Logistic regression models constructed based on the amino acid levels in blood plasma and follicular fluid

Blood plasma

Model AUC Threshold value Sensitivity Specificity
Age, serine, tyrosine, phenylalanine 0.82 0.69 0.68 (0.48; 0.88) 0.94 (0.68; 1)
Age, serine, sarcosine, phenylalanine 0.81 0.75 0.65 (0.42; 0.85) 0.94 (0.71; 1)
Age, lysine, histidine, phenylalanine 0.81 0.5 0.8 (0.45; 0.98) 0.76 (0.5; 1)
Age, histidine, serine, phenylalanine 0.81 0.61 0.7 (0.48; 0.85) 0.88 (0.71; 1)
Follicular fluid
Model AUC Threshold value Sensitivity Specificity
Methylhistidine, serine, alanine, phenylalanine 0.88 0.45 0.88 (0.62; 0.97) 0.84 (0.69; 1)
Age, ornithine, serine, phenylalanine 0.88 0.47 0.88 (0.59; 0.97) 0.84 (0.69; 1)
Ornithine, serine, alanine, phenylalanine 0.88 0.55 0.84 (0.69; 0.97) 0.88 (0.69; 0.97)
Ornithine, serine, valine, phenylalanine 0.88 0.57 0.84 (0.66; 0.97) 0.88 (0.66; 1)
o o | S
i - S
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© © |
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Fig. 2. ROC analysis of the logistic regression models for determination of DOR based on the blood plasma and follicular fluid amino acid composition
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decrease in its availability for production of tyrosine [13] that serves
as a basis for the synthesis of amine mediators and hormones:
catecholamines, serotonin, melatonin. All tyrosine metabolites
contribute to proper and consistent functioning of all body systems
in order to ensure fertility. Tyrosine, like its precursor, is essential for
synthesis of the benzoquinone structure which is part of the
coenzyme Q10 representing an antioxidant capable of neutralizing
free radicals, inhibiting lipid peroxidation in biological membranes,
and protecting mitochondrial proteins and DNA against oxidative
damage; coenzyme Q10 is also involved in ATP synthesis in
mitochondria as an electron carrier [14]. The antioxidant effects of
tyrosine have been also reported in the study of seminal plasma [15].

The role of tryptophan in many physiological processes,
such as maintaining cell growth and regulation of the immune
function, synthesis of serotonin and melatonin, the decrease in
the levels of which results in disruption of early embryogenesis,
is invaluable [16].

In our study, women with DOR of late reproductive age
demonstrate the correlation between the decrease in the levels of
tyrosine and tryptophan and worse outcomes of IVF programs,
which confirms the role of tyrosine and tryptophan in the age-
related alterations of oogenesis and early embryogenesis and
is consistent with the data reported by foreign colleagues [17].

The arginine biosynthesis that turned out to be significantly
altered in our study is of crucial importance for the synthesis
of nitric oxide (NO). The latter is a factor of vasorelaxation
ensuring optimization of blood flow to the tissues [18] and
contributing to normal endometrial growth [19], steroidogenesis
and folliculogenesis regulation [20]. Taking drugs with high
arginine content by women with poor ovarian response, who
are through IVF programs, results in elevation of the arginine,
citrulline, and NO levels in blood plasma and follicular fluid and
is associated with improved uterine and ovarian blood flow,
increased fertilization and pregnancy rates, and reduced rate
of pregnancy complications (early pregnancy loss, intrauterine
growth restriction, and preeclampsia) [21].

The analysis of amino acid involvement in metabolic
pathways has revealed significant changes in the alanine,
aspartate and glutamate metabolism. Aspartate and glutamate
are excitatory neurotransmitters of the CNS that are involved in
the synthesis of purine and pyrimidine nucleotides. According
to our research, is higher concentrations of aspartate are found
in follicular fluid in women of early reproductive age compared
to women of late reproductive age, which has been also
confirmed by the positive correlation between the levels of
D-aspartic acid in follicular fluid and the oocyte morphology,
maturation, percentage of mature oocytes, fertilization rate in
one of the studies [22]. Methionine is formed from aspartic
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