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NEW NON-INVASIVE APPROACHES TO THE DIAGNOSIS OF LYMPH NODE METASTASES FROM BREAST
CANCER BY MASS SPECTROMETRY

Tokareva AQ™?, Chagovets V', Rodionov VW', Kometova VW', Rodionova MV, Starodubtseva NL'?, Frankevich VE'®

" Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia
2 V. L. Talrose Institute for Energy Problems of Chemical Physics, Moscow, Russia

Early diagnosis of metastasis makes it possible to select the optimal treatment protocol and improve patient survival. Noninvasive and minimally invasive diagnostic
techniques help to make a diagnosis with minimal damage to the body. The study was aimed to find biomarkers, being the hallmarks of the metastatic process
initiation, and to develop a diagnostic model based on the plasma lipid profile using liquid chromatography-mass spectrometry. We studied blood plasma of 55
patients, 28 of them were diagnosed with the regional lymph node metastasis; the control group comprised 27 patients. The levels of lipids, belonging to the
groups, such as oxidized lipids and sphingomyelins, in patients with metastases were significantly higher and significantly lower, respectively. The lipid panels were
created by multivariate analysis, and the models based on these panels showed sensitivity and specificity of 79 and 74% (positive ion mode), and of 50 and 85%
(negative ion mode) in leave-one-out cross-validation.

Keywords: lipids, regional metastasis, breast cancer, blood plasma, molecular markers

Funding: the study was funded by RFBR and National Natural Science Foundation of China within the framework of the scientific project Ne 19-515-55021
Compliance with ethical standards: the study was approved by the Ethics Committee of Kulakov National Medical Research Center for Obstetrics, Gynecology
and Perinatology (protocol Ne 9 dated November 22, 2018); the study was carried out in accordance with the requirements of the Declaration of Helsinki,

International Council for Harmonisation (ICF), Good Clinical Practice (GCP) guidelines, Federal Law 323-FZ dated November 21, 2011 “On the Basics of Protecting
the Health of Citizens in the Russian Federation”; the informed consent was submitted by all patients.
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HOBbIE HEMHBA3UBHbIE NMOAXoabl K ANAFHOCTUKE METACTATUHECKOIO NMOPAXKEHUA
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PaHHs5 ArarHocTvka npoLiecca MeTacTaanpoBaHuUs MO3BONSET BbIOpaTh OMTUMATbHbIA MPOTOKON IeYEHNISt 1 MOBBICUTL BEDKMBAEMOCTL MaLWIEHTOK. HenHBasvBHbIe
1 MaJTOVHBA3VBHbIE METOAbI ANArHOCTVIKM MOMOratoT CTaBUTb AMArHO3 C MUHUMATBHBIM YLLIEPOOM A1 opraHmama. Liensto nccneposaHiist 6b110 HaTy G1oMapKepb|,
XapaKTepUaytoLLMe Havano MeTacTaTu4eckoro npoLecca 1 Co3fate ANarHOCTUHECKYIO MOAESb MO MMMAHOMY NMPOMUA0 Nna3Mbl KPOBY C UCMONb30BaHEM
YKNIOKOCTHOW XPOMaTO-Macc-CrekTpoMeTpum. Viccnegosanm nnasmy Kposu 55 maumeHTok, y 28 13 KOTOpbIX ObI0 AMarHOCTMPOBaHO MeTacTas3npoBaHve B
pervioHanbHble MMMMOY31bl, 27 NALMEHTOK COCTaBUN KOHTPOMLHYIO rpynny. JIMAnabl, OTHOCALLMECS K OKUCIEHHBIM Inuaam 1 COUHIOMUENHAM UMENN Mpu
MeTacTa3vpoBaHUN CTaTUCTUHECKN 3HAYMMO Boree BbICOKUI 1 6onee HU3KWIA YPOBHW COOTBETCTBEHHO. C MCMONb30BaHNEM METOLOB MHOTOMEPHOIO aHamaa
6bInV COCTaBMEHb! MaHEeNV MNWAOB, U MOAEN Ha X OCHOBE B X0 KPOCC-BalMAaLM Mo OTAENBHOMY OOBEKTY UMEN 4yBCTBUTENBHOCTb U CneumduyHOCTL 79
1 74% (PeXXnM NONOXKUTENBHBIX MOHOB) 1 50 1 85% (peXxM OTpULATENBHBIX MOHOB).
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The spread of cancer cells throughout the body from the
primary tumor occurs through the biofluids, such as blood and
lymph [1]. Axillary lymph node dissection and sentinel lymph
node biopsy make it possible to define the onset of the regional
lymph nodes metastasis with 100% accuracy. However, the risk
of complications associated with the build-up of lymph in the
tissues is high due to high invasiveness of the procedures
[2, 3]. The noninvasive techniques for diagnosis of regional
metastasis are as follows: ultrasound imaging, magnetic
resonance imaging and positron emission tomography (MRI
and PET). Ultrasound imaging is a standard technique used
to search for the regional lymph node metastases, however,
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the method sensitivity and specificity depend on the equipment
quality and the operator's experience [4]. The use of MRI is
limited by contraindications in people with kidney failure, allergy,
and artificial cardiac pacemakers. PET has low sensitivity in
assessment of axillary lymph node status [5].

Analysis of blood plasma is a minimally invasive method.
The method may be used for diagnosis of Alzheimer's disease
[6], cervical cancer [7], lung cancer [8], and cystic fibrosis
affecting liver and the lungs [9] based on the plasma molecular
profile. Furthermore, the protein markers of metastasis in
colorectal cancer [10] and oral cancer [11] have been found in
blood plasma, along with the markers of regional metastasis,
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Table 1. Relative intensities (arbitrary units) of lipids, showing significant differences in plasma in the presence or absence of metastases, in the positive ion mode

Lipids Metastasis No metastasis P
OXTG 16:0_16:0_18:3(00) 6.86x10° (4.46x10°%; 8.94x10°) 5.00x10° (2.43x10°%; 6.39x10°) 0.04
OXTG 16:0_18:0_18:3(OH) 1.96x10° (4.77x10% 2.42x10°) 4.63x10° (3.27x10°%; 9.94x109) 0.003
OxTG 18:1_18:1_18:2(O0H) 2.72x10° (1.70x10°; 3.72x10°) 1.86x10° (1.27x10°%; 2.50%x10°) 0.03
TG 14:0_16:0_18:1 2.43x10° (2.05%10°; 2.84x10°) 1.85%10° (1.45x10°%; 2.57%10°) 0.04

Table 2. Relative intensities (conventional

units) of lipids, showing significant differences in plasma in the presence or absence of metastases, in the negative ion mode

Lipids Metastasis No metastasis 1%
OxPC 16:0_18:2(20) 4.66%10° (3.35x105; 8.20x10°) 2.58x10° (1.42x10%; 5.22x10°) 0.02
OxPC 16:0_22:5(0OH) 1.15%10° (8.32x10% 1.39x10%) 7.93x10% (5.10x10% 1.10x109) 0.04
OxPC 18:0_18:2(0O0H) 1.99x10° (1.41x105; 3.81x10%) 1.08x10° (6.15x10% 2.02x10°%) 0.008
OxPC 18:0_20:4(20) 1.31x10° (8.47x10% 2.14x10%) 7.08x10% (5.21x10% 1.66x10°) 0.04
SM d22:0/20:3 5.71x10° (5.17x10°; 6.49x10°) 6.94x10° (5.28x10°; 7.38x10°) 0.01
SM d22:0/20:4 4.21x10° (3.56x10°%; 4.90x10°) 4.76x10° (4.08x10°%; 5.45x109) 0.02

however, the biomarker panel has been specific for the cancer
type (lobular or ductal) [12]. Lipids, being a part of the molecular
profile, are involved in important metabolic pathways [13].
The plasma lipid profile, obtained by high performance liquid
chromatography-mass spectrometry, has made it possible to
build an effective classification model for breast cancer and
benign breast lesions based on the selected markers [14],
which, combined with the listed above examples, allows one to
assume the presence of metastasis markers in blood plasma.

The study was aimed to search for lipid markers of regional
metastasis in blood plasma of patients with confirmed breast
cancer by liquid chromatography-mass spectrometry, and to
assess the possibility of creating the diagnostic panel.

METHODS

A total of 55 women diagnosed with breast cancer, who
were treated in the Kulakov National Medical Research
Center for Obstetrics, Gynecology and Perinatology (Russia),
were enrolled. Inclusion criteria: submitted informed consent
to surgery and enrollment in the study, age 18-80 years;
diagnosis of breast cancer confirmed by cytological or
histological findings. Exclusion criteria: neoadjuvant therapy
and the presence of malignant neoplasms of other localization
before the breast cancer diagnosis. The regional lymph node
metastases were revealed in 28 women, and the control group
comprised 27 women. Lipids were extracted from 40 pL of
plasma by the Folch method [15]: 480 pL of CHCI, / MeOH
(1 /1) were added to 40 pL of plasma and 5 pL of the internal
standard, and soaked in the ultrasonic bath for 10 min. Then

the mixture was stirred for 10 s and centrifuged for 5 min at
15,000 G. The organic phase containing lipids was collected in
the separate vial. The water phase was mixed with 250 pL of
CHCI, / MeOH (1 / 1) and centrifuged for 5 min at 15,000 G.
The lower organic phase was collected again and mixed with
the previously collected sample. The lipid solution was dried in
a stream of nitrogen and redissolved in 200 pL of IPA/ACN
(1 /1) for further analysis.

The extracted lipids were analyzed using the Dionex
UltiMate 3000 liquid chromatography system (Thermo
Scientific; Germany), coupled with the Maxis Impact gTOF
mass spectrometer, equipped with the ESI ion source (Bruker
Daltonics; Germany). The samples were separated by reversed
phase chromatography using the Zorbax C18 column (150 x
2.1 mm, 5 pm; Agilent, USA) with linear gradient from 30 to
90% of eluent B (solution of acetonitrile / isopropanol / water
in a ratio of 90 / 8 / 2 by volume with the addition of 0.1%
formic acid and 10 mmol/L ammonium formate) for 20 min. The
solution of acetonitrile / water in a ratio of 60 / 40 by volume with
the addition of 0.1% formic acid and 10 mmol/L ammonium
formate was used as eluent A. The eluent flow rate was
40 pL/min, and the sample injection volume was 3 pL. Mass
spectra were acquired in the positive and negative ion mode
in the m / z range of 100-1700 using the following settings:
capillary voltage 4.1 kV and 3.0 kV for the positive and negative
ion mode; nebulizer gas pressure 0.7 bar; drying gas flow rate
6 L/min, drying gas temperature 200 oC.

Lipids were identified using the Lipid Match R script [16]
based on the exact mass and the characteristic tandem mass
spectra (MS / MS).
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Fig. 1. Graphs of counts made for orthogonal projections to latent structures in the positive ion mode (A) and in the negative ion mode (B). The samples obtained from
patients with regional metastases are marked with red dots, and the samples obtained from patients with no metastasis are marked with blue dots
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Table 3. Compounds used to build the logistic regression model, B coefficients (conventional units), confidence interval (Cl) for B coefficients (conventional units), Wald
test, likelihood that coefficient p differs from zero in the positive ion mode

Lipids B Clp Wald test p
Intercept term -3.98 -15.96-6.27 -0.74 0.46
CE 20:4 3.44x107 1.30x107-6.54x107 2.64 0.008
LPC 18:2 2.37x107 7.21x107-4.72x107 2.44 0.01
OXTG 16:0_18:0_18:3(0OH) 1.56x10°¢ 6.37x107-2.89x10° 2.83 0.005
PC 16:0_22:5 2.66x107 1.09x107-5.17x107 2.55 0.01
SM d18:2/24:1 -4.72x107 -9.01x107-1.70x1077 -2.60 0.009
SM d18:1/24:0 -3.92x107 -8.47x107-1.25x1077 -2.26 0.02
SM d18:1/22:0 3.85x107 6.70x10%-8.51x10~7 2.01 0.04

Table 4. Compounds used to build the logistic regression model, B coefficients (conventional units), confidence interval (Cl) for B coefficients (conventional units), Wald
test, likelihood that coefficient p differs from zero in the negative ion mode

Lipids B Clp Wald test p
Intercept term 3.71 -1.28-9.09 1.43 0.15
PC 16:0_22:5 4.89*107 1.37*107-9.45*107 2.40 0.02
SM d22:0/20:3 -1.05*10° -1.98"10°-2.52*107 -2.42 0.02

Statistical processing of the results was performed using R
scripts [17] in the Rstudio environment [18].

The search for compounds, showing significant differences
in plasma levels in patients with metastases and patients with
no metastases, was performed using the Mann-Whitney U-test
for pairwise comparison of groups. Median (Me) and quartiles
Q, and Q, were used to describe the quantitative data. The
significance threshold was set at p = 0.05.

The diagnostic model based on logistic regression was built
by calculating the projection of the variable using the orthogonal
projection to latent structures solution [19] and selecting the
compounds with the variable projection value exceeding 1.
The variables were selected from the selected variables using
the step-by-step approach based on the Akaike information
criterion (AIC) [20] until this led to the decrease in AIC. To build
the final model, the variables, the coefficients of which were
not significantly different from O (p > 0.05), were removed from
the regression in a step-by-step manner. The quality of the
resulting diagnostic model was tested by leave-one-out cross-
validation. Area under the ROC curve, sensitivity and specificity
were used for assessment.
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RESULTS

During the study, we identified 183 lipid compounds in the
positive ion mode and 161 compounds in the negative
ion mode. Of those, four compounds showed significant
differences in their levels in the positive ion mode (Table 1), and
six compounds showed significant differences in the negative
ion mode (Table 2). The levels of oxylipins (oxo-triglycerides
in the positive ion mode and oxo-phosphotidylcholines in the
negative ion mode) increased in case of metastasis. The levels
of sphingomyelins, on the contrary, decreased in the presence
of metastases.

Based on the constructed orthogonal projections to latent
structures (Fig. 1), we selected 36 lipids in the positive ion
mode and 29 lipids in the negative ion mode with the variable
projection (VP) value exceeding 1.

We used seven compounds in the positive ion mode, which
allowed us to build a model with the area under the ROC curve
of 0.84 (Table 3; Fig. 2A), and two compounds in the negative
ion mode, allowing us to build a model with the area under the
ROC curve of 0.71 (Table 4; Fig. 2B). Sensitivity and specificity
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Fig. 2. ROC curve plotted during cross-validation of the diagnostic model in the positive ion mode (A) and negative ion mode (B)
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of the model in the positive ion mode were 79 and 74%,
respectively, and these indicators of the model in the negative
ion mode were 50 and 85%, respectively.

DISCUSSION

Most of the lipids, the levels of significantly increase in case of
metastasis, are the oxidized lipids. The oxidized lipids are formed
primarily in the apoptotic cells. Furthermore, the oxidized lipids
are involved in inflammation [21]. These have been also isolated
as the predictors of coronary heart disease in blood plasma
[22]. The panels created comprise mostly sphingomyelins
together with lyso- and phosphotidylcholines, containing
long acyl chains. The association of fatty acid synthases and
omega-6 polyunsaturated fatty acids with metastasis is known
today [23, 24], and elevated levels of sphingomyelins and
lysophosphotidylcholines in relation to phosphotidylcholines
have been registered in mice’s plasma with advanced
metastatic breast cancer [25]. However, in this study, the
significantly decreased levels of sphingomyelins upon the onset
of metastasis were observed in plasma. The varying changes
in the sphingomyelin levels upon the onset of metastasis were
revealed during the analysis of malignant tissue (decreased
levels) and the nearby normal breast tissue (increased levels)
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Mucins are large glycoproteins characterized by the abundant O-linked oligosaccharides (O-glycans) clustered on a protein backbone. Most of the circulating
mucins are rapidly cleared by glycan-recognizing hepatic clearance receptors in the liver. Those mucins that remain in the bloodstream are most commonly used
as markers in clinical diagnostics. One of such circulating mucins is MUC16; a peptide epitope of which is known as CA125 antigen — a marker for ovarian cancer.
Here, using a targeted 1H-NMR profiling of plasma we are exploring a link between the measured CA125 values and the systemic metabolism of the patients
within a group with confirmed high-grade ovarian cancer. The study allowed identifying statistically significant associations between the measured values of CA125
epitope and the plasma concentrations of glucose, glutamine, alanine, betaine and serine. The significance of the identified associations for the listed compounds
is below 0.01. This, in turn, enables us to hypothesize about a possibility of including the metabolic measures into a composite score of the ovarian cancer based
on the CA125 epitope of MUC16.
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METABOJIOMHAA NMNOANMnNCb CBOBOAHbLIX MYLIMHOB MNPU OHKOJIOTMYECKNX 3ABOJIEBAHUAX:
CA125 N PAK ANYHUKOB BbICOKOW CTEMEHU 3NTOKAYECTBEHHOCTU
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MyUVHBI — 3TO BbICOKOMONEKYNSPHBIE TNKOMPOTENHbI, XapaKTEPHOW YePTON KOTOPbIX SABNAeTCs HoMblloe Konm4ecTBO O-CBA3aHHbIX ONMrocaxapuaos
(O-rmnkaHoB), MPUCOEAMHEHHBIX K 6enKoBoMy OcToBy. OCHOBHAs 4acCTb LIMPKYAMPYIOLLMX MYLMHOB ObICTPO BbIBOAMTCS C MOMOLLBIO PELIeNTOpPOB MeYeHH,
pacnosHaroLLWX rviKaHbl. MyLyHbI, KOTOpble He BbIBOASTCS M3 OpraHvM3Ma 1 OCTaloTCs B KPOBOTOKE, Havbosee YacTo MCMOMb3YIOT B KAYECTBE KIMHUYECKIMX
OMarHOCTUYECKNX MapKepoB. MenTuaHbI 3NTON OAHOMO 13 TakMX LUMPKYIMPYIOLMX MyLIMHOB, HasbiBaemoro MUC16, nssecteH kak aHtureH CA125, mapkep
paka sn4YHNKOB. Lienbto paboTbl 66110 NPOBECTH NPOUIMPOBaHKE METABONMTOB NNadmbl ¢ NOMoLLbo TH-AMP aHannsa n nsy4nTs CBA3b MeXAy N3MEePEHHbIMN
3HadeHnaMm CA125 n cUCTEMHbIM METaboNM3MOM NaLMEHTOB B rpynne ¢ NOATBEPXKAEHHBIM PAKOM AVUYHMKOB BbICOKOWM CTEMEHW 3110Ka4eCTBEHHOCTU. B
pesyneraTe MccnefoBaHus bl 0BHaPY>KeHb! CTATUCTUHECKYM 3HAYMMbIE aCCOLMaLMN MEXOY U3MePEeHHbIMM 3HadeHsMm anuTona CA125 1 KoHLeHTpaumsMm
IOKO3bl, MyTaMuHa, anaHuHa, 6etavmHa 1 ceprHa B nnasme. 3Ha4MMOCTb BbISIBIEHHbBIX accoLMaumin AN nepeYncineHHbix CoeanHennii mersile 0,01. 9to
MO3BOSISIET BbIABVHYTH MMNOTE3Y O BOSMOXHOCTM BKIIOHEHNS METAOONMHECKNX NOKa3aTenel B AMarHOCTVKY paka SNHHMKOB.
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Mucins are large glycoproteins characterized by the abundant
O-linked oligosaccharides (O-glycans) clustered on a protein
backbone. They are usually localized on the surface of the
epithelium, but potential sites of proteolytic cleavage are
found in most mucin genes, which explains their appearance
in the systemic circulation [1]. Most of the circulating mucins
are rapidly cleared by glycan-recognizing hepatic clearance
receptors in the liver. Those which evade the clearance and
remain in the circulation are the most frequently used as the
clinical diagnostic markers. One of such circulating mucins is
MUC186; its peptide epitope is known as the CA125 antigen, a
marker of ovarian cancer [2].

CA125 has been known for over three decades [3]. A
number of large-scale clinical studies have evaluated the
potential use of serum CA125 as a marker of ovarian cancer
(OC). While the structural identity of the epitope remains elusive
and its practical value is being challenged from time to time [4],
CA125 remains the only clinically reliable diagnostic marker of
ovarian cancer [5]. Here, however, we are not going to question
the diagnostic value of the CA125 epitope. We address a
different question, namely to which extend the CA125 values
can be associated with a metabolic status of the patients.
Ever since Otto Warburg discovery of the tumor cells altered
metabolism a view of the cancer as a metabolic disease
is steadily gaining acceptance [6]. Indeed, there is strong
evidence that increased glucose consumption and increased
lactate secretion in tumors promote their growth [7]. As the
tumor grows, so does its need for bioenergetic resources and
structural blocks. This growing need changes the systemic
metabolism, which can be seen in the patient's blood. Thus,
we hypothesize that the measured values of the CA125, as
a tumor marker, will have their correlates or “footprint” in the
metabolic profile of plasma. To test this hypothesis, we applied
targeted 1H-NMR profiling within a homogeneous selection
of the patients with confirmed high-grade ovarian cancer. To
find these correlates or associations, we applied an approach
based on the multiple linear models adjusted for confounding
variables (age and body mass index of a patient in our case).

METHODS

The study included 67 patients with histologically verified
high-grade (HG) serous OC. They donated venous blood
plasma samples immediately before the operation, before
administration of antibacterial, analgesic and other drugs.

The inclusions criteria were: age over 18 years; histological
verification of the diagnosis (HG serous OC, stage I-IV as
per the FIGO (International Federation of Gynecology and
Obstetrics) scale).

The non-inclusion criteria were: age below 18 years; 6
or more months of intake of hormonal drugs (combined oral
contraceptives, hormone replacement therapy or menopausal
therapy); US-confirmed pathology of pelvic organs and/or
manifestations of the already diagnosed reproductive diseases;
proliferative processes; active cancer at the time of the study
or in history (any nosology other than the one studied); pelvic
organ surgery; various histotype neoplasms in one patient;
pregnancy.

OPUTMHAJIbHOE UCCJIEQJOBAHNE | OHKONOIMNA

The exclusion criteria were: histotype of the malignant
ovarian tumor different from HG OC or concomitant thereto,
as established through repeated examination of histological
micropreparations; primary multiple neoplastic diseases not
identified at the time the patient applied to the Center seeking
assistance about ovarian oncoma (data on the presence thereof
were obtained during the post-surgery observation).

The quantity of CA125 tumor marker in blood samples was
established through the enzyme immunoassay analysis.

Preparation of samples for NMR analysis

All chemicals used in the buffers were purchased from
Sigma-Aldrich (USA), with the exception of D,O heavy water
(Cortecnet; France) and 3-(trimethylsilyl) propionic-2,2,3,3-d4
acid sodium salt (TSP) (Cambridge Isotope Laboratories Inc.,
UK). We made two buffer solutions. Buffer A was a sodium
phosphate buffer in H,0/D,0 (80/20) with pH 7.4, containing
6.15 mmol/L NaN3 and 4.64 mmol/L TSP. Buffer B was a
sodium phosphate buffer in D,0O (pH 7.4), containing 1.5
mol/L K,HPO,, 2 mmol/L NaN3, and 4 mmol/L TSP. Ritter
Deepwell 96-well plates were purchased from Novaveth BV
(Netherlands), NMR tubes from Bruker Biospin Ltd (Germany).
The plasma samples were thawed at 4 °C and mixed through
10 rotations of the tubes. After that, samples (120 pl) were
mixed with 120 pl of buffer solution. For each sample, 190 pl of
buffer and plasma mixture were transferred to 5 mm tubes with
the help of a modified Gilson 215 tube filling station, and then
kept at 6 °C in the sample changer.

NMR analysis and spectral data processing

1H NMR data were collected using a Bruker 700 MHz AVANCE
NEO spectrometer equipped with a 5 mm Prodigy cryogenic
probe head. A Bruker sample changer (Bruker; Germany) was
used to feed and retrieve samples (according to the two NMR
protocols: one for plasma samples and one for all other samples).

All experiments were recorded at 310 K. A fresh sample
of 99.8% methanol-d4 enabled temperature calibration.
Axial shimming was automatically optimized before each
measurement. Duration of 90° pulses was automatically
calibrated for each individual sample using a homonuclear-
gated mutation experiment on the locked and shimmed
samples after automatic tuning and matching of the probe
head. For each plasma sample a Purcell-Meiboom-Gill
(CPMG) experiment was recorded. A standard 1D CPMG pulse
sequence with presaturation was used to for the acquisition
of T2-filtered spectra. A pulse train of 128 refocusing pulses
with individual spin echo delays of 0.6 ms was applied resulting
in a total T2 filtering delay of 78 ms. After applying 4 dummy
scans, a total of 73,728 data points covering a spectral width
of 12,019 Hz were collected.

Identification and quantification of metabolites
Metabolites were identified by searching the full 1D and 2D

JRES data using the proprietary Bbiorefcode (Bruker Biospin
Ltd; Germany).

Table 1. Age and BMI of the patients with -l and Ill-IV stages of HG OC (no statistically significant differences found; the method used is the Mann-Whitney U-test)

Age, years BMI, kg/m?
HGOC stage p p
Me Q,-Q, Me Q,-Q,
1=l 53 46-59 24 21-27
0.51 0.65
-1v 54 49-61 25 23-28
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The quantification of metabolites in blood samples was
semi-automatic and relied on the Chenomx NMR Suite 9.0
software (Chenomx Inc; Canada). The results of this semi-
automatic quantification were processed manually. The
concentrations were calculated based on the known TSP
concentration (0.4 mmol/L).

Data analysis

All data were analyzed in the R software environment (http://
www.r-project.org/, versions R 4.1.1, 4.1.2). The initial
processing of the data tables relied on the tidyverse (version
1.3.1) and readxl (1.3.1) packages. Ggplot2 (version 3.3.5) and
ggforestplot (version 0.1.0) enabled visualization of the results.

RESULTS

The sample included 67 patients, of which 11 patients had
stage | or I UG OC and 56 patients — stage Il or IV HG OC.
The patients were comparable by age and body mass index
(BMI; Table 1). The median age of patients was 53 (46; 59)
years and 54 (49; 61) years, which is comparable with the data
of population studies [8]. The median BMIs of the patients were
24 (21; 27) kg/m? and 25 (23; 28) kg/m?.

Figure 1 shows a histogram of CA125 levels in the studied
sample in the original (A) and logarithmic scales (B). The
distribution based on raw values is strongly shifted to the right
(median 200 U/ml, mean 742.2 U/ml). Thus, to remain within
the basic assumptions of the linear models, we further used the
log-transformed values of the CA125.

To get an overview of the plasma metabolites, we used a
targeted 1TH-NMR profiling and quantified 33 metabolites. Table
2 summarizes their medians and interquartile range values. To
expand the set of parameters related to the metabolic status of
patients, a set of physiologically meaningful ratios was added to
the data set. Those ratios could be useful for getting insight into
the amino acids metabolism and enzymatic interconversions
(e.g., alanine/glutamine), gluconeogenesis (e.g., alanine/
citrate), and ketogenesis (e.g., acetate/acetoacetate).
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Fig. 1. CA125 levels histogram. A. baseline and logarithmic levels. B. The
dark red line indicates the median and the blue line indicates the mean of the
distribution

All the calculated ratios, their medians and interquartile
rangeare summarized in the Table 3.

We used the linear regression models to study the
relationships between metabolites and their correlations: the
metabolites were used as the dependent variable and CA125

Table 2. List of quantified metabolites in plasma of patients with HG OC. The values are given as median/interquartile range and rounded to the nearest whole number

Metabolite Concentrations (UM ) Median (IQR) Metabolite Concentrations (UM ) Median (IQR)
2-Aminobutyrate 41 (27.55) Glutamine 310 (241.407)
2-Hydroxybutyrate 104 (81.127) Glycine 149 (106.229)
2-Oxoglutarate 30 (18.48) Isoleucine 45 (31.64)
3-Hydroxybutyrate 206 (122.460) Isopropanol 10 (7.18)
Acetate 21 (15.28) Lactate 1191 (817.2000)
Acetoacetate 107 (55.199) Leucine 125 (84.150)
Acetone 103 (68.177) Lysine 91 (62.115)
Alanine 185 (114.251) Methanol 50 (35.63)
Arginine 89 (65.130) Pyruvate 41 (30.57)
Betaine 71 (50.97) Serine 119 (89.155)
Citrate 38 (29.59) Succinate 24 (6.53)
Creatine 33 (20.46) Threonine 141 (112.190)
Creatinine 40 (29.48) TMAO 45 (30.57)
Ethanol 35 (30.49) Tyrosine 42 (28.57)
Formate 27 (20.35) Valine 168 (108.201)
Glucose 3052 (2080.4199) Myolnositol 60 (45.82)
Glutamate 111 (81.156)

Note: IQR — Interquartile Range.
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Table 3. Summary of the calculated metabolite relationships. The values are given as median/interquartile range

Ratio Median (IQR) Ratio Median (IQR)
Ala/GIn 0.58 (0.45, 0.67) Glc/Cit 80 (42, 128)
Ala/Leu 1.54 (1.19, 1.94) GIn/Cit 9.7 (4.5,13.8)
Ala/lle 3.98 (2.99, 5.08) Glc/Pyr 65 (49, 125)
Ala/Tyr 4.23 (3.51, 5.03) GIn/Glc 0.102 (0.090, 0.120)
Ala/Val 1.11(0.90, 1.39) GIn/Pyr 7(5,12)
Gin/Leu 2.77 (2.24, 3.24) Lac/Ala 6.53 (5.27, 9.01)
Glin/lle 7.10 (5.58, 8.47) Lac/Cit 32 (16, 55)
GIn/Tyr 7.51 (6.34, 9.85) Lac/Glc 0.38(0.31, 0.53)
GIn/Val 2.06 (1.68, 2.38) Lac/GIn 3.92 (3.02, 5.27)
lle/Leu 0.38 (0.32, 0.46) Lac/Pyr 27 (18, 46)
lle/Tyr 1.08 (0.87, 1.40) Pyr/Cit 0.90 (0.58, 1.36)
lle/Val 0.29 (0.25, 0.35) AcO/AcAcO 0.23(0.12,0.32)
Leu/Tyr 2.71(2.25,3.21) n3_HBut/AcAcO 2.43(1.84,2.97)
Leu/Val 0.74 (0.69, 0.84) n3_HBut/AcO 11 (6, 19)
Tyr/Val 0.27 (0.23, 0.33) lle/Glc 0.014 (0.012, 0.017)
Ala/Cit 4.61(2.27, 7.95) Leu/Glc 0.036 (0.032, 0.045)
Ala/Pyr 3.9 (2.6,7.5) Val/Glc 0.048 (0.043, 0.057)
Ala/Glc 0.057 (0.049, 0.070) GIn/Glu 2.93 (2.41, 3.46)

Note: Ala/GIn — alanine/glutamine, Ala/Leu — alanine/leucine, Ala/lle — alanine/isoleucine, Ala/Tyr — alanine/tyrosine, Ala/Val — alanine/valine, Gln/Leu —glutamine/
leucine — glutamine/leucine/tyrosine, Gin/Val — glutamine/valine, lle/Leu — isoleucine/leucine, lle/Tyr — isoleucine/tyrosine, lle/Val — isoleucine/valine, Leu/Tyr —
leucine/tyrosine, Leu/Val — leucine/valine, Tyr/Val — tyrosine/valine, Ala/Pyr — alanine/pyruvate, Ala/Glc — alanine/glucose, Glc/Cit — glucose/citrate, GIn/Cit —
glutamine/citrate, Glc/Pyr — glucose/pyruvate, GIn/Glc — glutamine/glucose, GIn/Pyr — glutamine/ pyruvate, Lac/Ala — lactate/alanine, Lac/Cit — lactate/citrate,
Lac/Glc — lactate/glucose, Lac/GIn — lactate/glutamine, Lac/Pyr — lactate/pyruvate, Pyr/Cit — pyruvate/citrate, AcO/AcAcO — acetate/acetoacetic acid, n3_Hbut/
AcAcO — n3_Hydroxybutyrate/acetoacetic acid, n3_Hbut/AcO — n3_Hydroxyglucine/acetate, lle/Glc — isoleucine/glucose, Leu/Glc — leucine/glucose, Val/Glc —
valine/glucose, GIn/Glu — glutamine/glutamate.
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Fig. 2. Forest diagram summarizing all calculated regression models. The models are sorted by their standardized ratios (x-axis). Statistically significant (after adjustment
for multiple testing) models are highlighted (filled dots)
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Table 4. Summary of the regression models shown in Figure 3

Outcome St. B (SE) F-statistic Adjusted R2 Pr (> Chi)
Glucose -0.277 (0.078) 4.483 0.137 0.0008
Methanol -0.277 (0.079) 4.267 0.129 0.0008
Glutamine -0.266 (0.079) 4.261 0.129 0.001
TMAO -0.265 (0.078) 4.456 0.136 0.001
Alanine -0.261 (0.079) 4.036 0.121 0.002
Betaine -0.260 (0.080) 3.606 0.106 0.002
Serine -0.252 (0.077) 5.548 0.171 0.002

Note: St. B St. — standardized B.

as a predictor. To correct for the known confounding factors,
we added age and BMI as the model terms. All the values
were scaled to enable a direct comparison of the magnitude
of associations between all metabolites and their relationships.
Figure 2 shows a summary of all the models. The data sorting
criterium is the standardized coefficient values (descending).
Filled dots correspond to the statistically significant models
(correction for multiple hypothesis testing was factored in for
the statistical significance p). The model characteristics for
each significant association are given in Table 4 and Fig. 3.

DISCUSSION

The main goal of this study is to explore the associations
between the measured values of CA125 and concentrations
of plasma metabolites within a homogeneous group of
the patients with clinically confirmed high grade ovarian
cancer. The results indicate that CA125 levels are inversely
associated with several plasma metabolites (see Fig. 2). Of all
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the associations, only the presence of methanol could raise
questions. Nevertheless, methanol is a normal component of
human plasma [9]. Its origin is mostly dietary (consumption
of fresh fruits and fermented drinks); intestinal microflora also
contributes to its generation. Under normal conditions,
such low or "physiological" methanol concentrations are
metabolized in the liver [10]. The negative association
between methanol and CA125 appears to be contra intuitive,
but changes in the patients' dietary habits and decreased
microbiota activity at the late stages of cancer may explain
this observation. The significant negative relationship between
CA125 and trimethylamine oxide, which is often interpreted as
a microbiota-specific metabolite [11], serves as an additional
argument in favor of the microbiotic origin of methanol. All other
significant associations (glucose, glutamine, alanine, betaine,
and serine) are in agreement with the changes in the systemic
metabolism at the advanced stages of malignancy. While the
phenomenon of glucose and amino acids (especially glutamine
and alanine) depletion in the body fluids of the cancer patients
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Fig. 3. Scatter plots with regression lines illustrating statistically significant dependences of CA125 on metabolite concentrations
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has been reported many times, the detailed physiological
mechanism of the effect remain unexplored. The decrease of
alanine with a progression of malignancy cloud be explained by
its increased utilization as a major gluconeogenic precursor, to
meet the high glucose consumption by the tumor cells [12]. A
decrease in the level of glutamine may be associated with more
active glutaminolysis, which is required to provide precursors
for the synthesis of nucleic acids [12,13]. There is no simple
mechanistic explanation for the role of betaine in the physiology
of malignant neoplasms. However, a recent meta-analysis has
shown that betaine levels reduce the risk of cancer [14]. Indeed,
as the main donor of the methyl group in the conversion of
homocysteine to methionine, betaine plays a significant role
in pathologies associated with altered systemic metabolism
of homocysteine, folic acid, and B vitamins. Cancer, or more
specifically ovarian cancer is just one of them.

Yet, looking into the model metrics for the each association
(Table 4, Fig. 3) we cannot ignore the fact that despite being
significant the models cover only between 10 and 15% of the
variance in the data (adjusted R2). Such “noisy” models
are revealing the main weakness of our study, namely a
rather limited pool of the patients. Another possible source of
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SIGNIFICANCE OF ANALYSIS OF LIPID EXTRACTS IN CERVICAL CANAL SECRETION FOR DIAGNOSING
OF PLACENTA-ASSOCIATED COMPLICATIONS OF PREGNANCY

Lomova NA B, Chagovets VV, Tokareva AO, Dolgopolova EL, Karapetyan TE, Magomedova AP, Shmakov RG

Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia

Omics technologies hold great potential as the basis for development of the new diagnostic approaches in obstetrics. Cervicovaginal fluid (CVF) as part of
the mother-placenta-fetus system can be used to diagnose obstetric complications. This study aimed to identify the features of lipid composition of the cervical
canal secretion peculiar to Intrauterine Growth Restriction (IUGR) and preeclampsia (PE). We took CVF samples from 57 pregnant women and subjected them to
an in-depth clinical-anamnestic and mass-spectrometric analysis. Lipid extracts of CVF were analyzed with a liquid chromatography system coupled with a mass
analyzer. As a result, we identified 239 lipid compounds. In case of 17 lipids, mathematical analysis revealed significant differences between samples from women
with normal pregnancy indicator values (normal group) and patients from the IUGR group (p < 0.05). As for the normal group and PE group patients, there were
significant differences identified for 3 lipids (p < 0.05). Comparison of samples from the PE and IUGR groups yielded statistically significant differences in levels of
two lipids (o < 0.05). Mainly, the lipids were oxylipins, sphingomyelins, triglycerides, and cardiolipins. The developed diagnostic model had the sensitivity of 0.81 and
specificity of 0.91 (cut-off level — 0.50; AUC — 0.85). The data obtained are valuable in the context of development of the new methods of diagnosing placenta-
associated complications of pregnancy and for understanding new mechanisms of pathogenesis of these complications.
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3SHAYNMOCTb AHAJIU3A NNMNOHBIX 3KCTPAKTOB N3 OTAENAEMOIO LLEPBUKAJIbHOIMO KAHAJIA
ONA AUATHOCTUKK NMNALEEHTA-ACCOLUMNPOBAHHbIX OCNTOXXHEHWUI BEPEMEHHOCTU

H. A. Jlomosa ™, B. B. YaroseLy, A. O. Tokapesa, E. J1. Jonronosnosa, T. 3. KapaneTaH, A. . Maromenosa, P. I, LLImakos

HaunoHanbHbIN MeAMLVMHCKWA NCCNEAOBATENBCKUI LIEHTP aKyLLepCcTBa, MHEKONOrn 1 nepyuHatonorm nvenn B. V. Kynakosa, Mocksa, Poccus

/lcnonb3oBaHme OMMKCHbIX TEXHONOMUIA MMEET Ha CErOAHSALLHMA AeHb 6OSIbLIOV MNOTEHLMa ANS Pa3paboTK HOBbIX ANArHOCTUHECKNX MOAXOAOB B aKyLLEPCTBE.
LlepBsyiko-BarnHanbHas XnMaKocTb (LIBXK) kak 4acTb CUCTeMb! «MaTb—TnaLeHTa—10[4» MOXET OblITb MCMONb30BaHa A1 AMarHOCTUKIN akyLLIEPCKIX OCIIOKHEHWIA. Lienbto
1cenenoBaHyst ObIo BbISBUTE OCOOEHHOCTY AIMMAHOIO COCTaBa OTAENSEMOrO LIEPBYKaIbHOMO KaHata y 6epeMeHHbIX C 33ep>KKOM pOCTa MAoda U NPeakIamrcuen.
BbInonHeH yrnybneHHbI KIMHMKO-aHaMHECTUHECKIIN 1 MaCcC-CNEeKTPOMETPUYECKUIN aHanma LIBXK, nosy4eHHbin oT 57 6epeMeHHbIX KEHLLUVH. JTnnnaHble aKCTPaKTbl
LIBXK aHanmanposanv Ha »XMOKOCTHOM XpomMatorpade, COeaANHEHHOM C MaCcC-aHamM3aTopoM. B peaynsrate nccnenosanns MaeHTMhmupmpoBaHo 239 coeanHeHnin
MMMAoB. MaTemaTuyHeckuin aHamna BbISBU 3HAYVMble Pa3INHms MexXdy naLMeHTKaMm rpynibl HOPMbl U C 3afepxkon passutua nnopa (3PMM) ana 17 mmnupos
(o < 0,05). Mexay naupeHTKamm rpynmbl HOPMb! 1 Mpeskiamncnm (M3) 3HaqMble Pa3nnymns Obl 0BHaPY>KeHb! AN Tpex mnnaos (o < 0,05). Mexay naumeHTkamm
¢ M3 v naumeHTkamm ¢ 3Pl CTaTUCTUHECKN 3Ha4YVMast padHiLAa B YPOBHSIX Oblna BbisBieHa ans asyx nunnaos (o < 0,05). MNokasaHo, YTo nMnnasl OTHOCUMCH
NPENMYLLIECTBEHHO K KlaCCam OKCUAMMNAOB, CCOUHIOMUENVMHOB, TPUMMLEPWAOB U KapayOAMMMHOB. 1py MOCTPOEHWI ANarHOCTUHECKOM MOAENW OOCTUMHyTa
YyBCTBUTENBHOCTL 0,81 11 cneumuryHocTs 0,91 (mopor otceqkn — 0,50; AUC — 0,85). MNonyHeHHble AaHHbIe NepCneKTVBHbI /19 PaspaboTkii METOAOB ANArHOCTVKA
nnaueHTa-acCoLUMPOBaHHBIX OCNOXKHEHN 6EPEMEHHOCT 1 MOHVMaHUS HOBbIX MEXaHM3MOB NaToreHe3a AaHHbIX OCNOXKHEHWIA.

KnioueBble cnosa: NPOrHOCTNYeCKas 3Ha4MOCTb, HEMHBA3MBHAA AMArHOCTVIKa, Npeaknamrncysd, 3agep>xKa pocTta nsoga, nnmooMmka
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It has earlier been established that such common complications
of pregnancy as Intrauterine Growth Restriction (IUGR) and
preeclampsia (PE) are associated with placental dysfunction.
With these pathologies, metabolic and circulatory systems
fail to adapt to changes caused by pregnancy, which leads to
hypertension and impaired placental blood flow. This not only
causes undesirable consequences for the health of the mother
and child during gestation, but can also affect their future health.
In recent years, 10 to 20% of pregnancies in the economically
developed countries have been complicated by some form of
hypertension [1]. Preeclampsiais a pregnancy complication that
occurs in the placenta and negatively affects both the mother
and the fetus. PE is diagnosed in 5-7% of pregnant women
worldwide [2]. This condition can develop after 20th week of
pregnancy; its manifestations are hypertension, proteinuria and
edema. Subsequently, it causes fetal distress and diminishes
the chances of positive pregnancy outcome. IUGR prevents
the fetus from realizing its growth potential in full: the weight
and the body mass index (BMI) of the newborn are abnormal
for the respective number of gestational weeks. About 4-8% of
newborns are diagnosed with [IUGR in industrialized countries,
and in the developing countries this figure ranges from 6 to
30% [3, 4]. The causes of IUGR are distinguished into internal,
peculiar to the fetus or placenta, and external, the mother-side
factors affecting mainly the placenta and the fetus. There are
also combinations of internal and external IUGR causes.

To date, there have not been developed adequate
methods of prediction of these pregnancy complications,
which obviously necessitates development of non-invasive and
objective methods of prenatal diagnostics and monitoring.

Today, post-genomic omics technologies, including
metabolomics and lipidomics, are growing rapidly and become
more and more common in the routine clinical practice. With
regard to the pathologies considered in this work, significant
changes in the levels of metabolites were found even before
preeclampsia manifested clinically, and these changes increase
with the progression of the disorder [5-7]. Metabolomics
can help detect the specific features of these conditions at
the molecular level and aid in identification of the biological
mechanisms underlying them, as well as in discovery of the
new biomarkers. Metabolomics also offers a unique set of tools
enabling identification of various endotypes of pathological
conditions [7, 8] and diagnosing of different complications of
pregnancy. Similar observations have been made for IUGR
[9]. In the aforementioned works, researchers analyzed blood
metabolome. Blood sampling is an invasive method of obtaining
biological material. This study discusses the possibility of using
cervical canal secretion to make PE or IUGR development
prediction non-invasive.

Currently, the search for non-invasive and minimally
invasive diagnostic markers in obstetrics is a promising area of
scientific research. Cervical canal is one of the potential loci for
minimally invasive sampling of biological material. There have
been described potential biomarkers of spontaneous preterm
labor that were identified through targeted proteomic analysis
of cervicovaginal fluid samples from asymptomatic high-risk
women. The proteins in cervicovaginal fluid of patients that
experienced spontaneous preterm labor are extracellular matrix
proteins that can also regulate the physiology of cell membranes
[10]. In 2020, a statistically significant difference in the level of
cytokines from cervicovaginal fluid samples, especially IL6 and
IL17a, was found in the group of women with preterm labor
and premature rupture of the membranes in the history. These
indicators may be more accurate prognostic markers of preterm
labor than fetal fibronectin that is the standard indicator relied

on in clinical practice today [11]. During pregnancy, dysbiosis of
the vaginal microbiota directly affects metabolic profiles, which
can trigger premature birth. In 2020, researchers used nuclear
magnetic resonance spectroscopy to analyze metabolic profile
of cervicovaginal fluid and identified metabolic markers that
can help predict preterm labor. The assessment of the ROC
curve showed that acetone, ethylene glycol, formate, glycolate,
isopropanol, methanol, and trimethylamine oxide were the best
in the matter of predicting preterm labor. These metabolites can
be useful markers clinically and for prognosis of preterm labor
[12]. Thus, to date, it has been proven that the cervicovaginal
fluid, which is part of the mother-placenta-fetus system,
contains a number of biologically active components that can
potentially be used for predicting and diagnosing obstetric
pathology.

There is a wide range of methods applied to identify
and validate biomarkers in metabolomic studies: ultraviolet
and infrared spectroscopy, nuclear magnetic resonance
spectroscopy, electrophoresis. However, the most common
are metabolomic platforms based on liquid chromatography
with mass spectrometric detection (LC-MS).

Metabolomics as part of studies of obstetric syndromes
associated with placental insufficiency (PE and IUGR) can
greatly facilitate understanding of the pathogenesis of these
complications of pregnancy and development of new diagnostic
and prognostic approaches.

The purpose of the study was to search for differences in
the lipids of cervical canal secretion of patients with normal
pregnancy and patients with fetal growth retardation and
preeclampsia, as well as to develop mathematical models
based on the differences found with the aim to create non-
invasive methods for antenatal diagnosis of PE and IUGR .

METHODS

This was a case-control study conducted at the Kulakov
National Medical Research Center for Obstetrics, Gynecology
and Perinatology (Russia) from January to December 2020.
The study involved 57 pregnant women, observed and helped
to deliver within the study timeframe in the Center. The women
were divided into three groups: Group | — 18 patients with
preeclampsia, Group Il — 19 patients with IUGR , Group
[l — 20 pregnant women without these complications,
conditionally healthy (control group). Group | inclusion criteria:
SBP > 140 mmHg and/or DBP = 90 mmHg after 20th week
of preghancy regardless of the history of blood pressure, in
combination with proteinuria > 0.3 g per day or = 0.3 g/l in
two portions of urine taken 6 hours apart. Group Il inclusion
criteria; IUGR diagnosed through a ultrasound study, if there
was a slowdown in the rate of increase of the estimated fetal
weight (EFW) and/or abdominal circumference (AC) < 10"
percentile, in combination with pathological blood flow as
shown with Doppler ultrasonography or EFW and/or AC values
< 3 percentile. Exclusion criteria: multiple pregnancy, cervical
pathology, diabetes mellitus, impaired renal function, chronic
arterial hypertension, oncological and infectious-inflammatory
diseases during this pregnancy. This study did not include the
cases of combined PE and IUGR. All patients delivered by
caesarean section.

Collection and preparation of samples
On the day of admission to the Center, all pregnant women

included in the study had their cervicovaginal secretion
sampled before vaginal examination. To detect any infectious
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Table 1. Clinical characteristics of the groups
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D o . Statistical significance of differences in parameters in
escriptive parameter statistics - :
pairwise comparison of groups (p-value)
Parameter 'UGR N I
orma
PE (n=18) (n=19) (n=20) PE-Normal IUGR-Normal PE-UGR
Age, years 31+5 34+8 31+5 0,769 0,21 0,331
BMI 28+4 23+4 27 +3 0,666 0,005 0,0045
Delivery time, weeks 36+3 37 + 3,1 40+ 1 < 0,001 < 0,001 0,342
Birth height, cm 46,6 +4,5 452 +53 52,6 +2,4 0,001 < 0,001 0,452
Birth weight, g 2341 + 633,6 2128,7 + 602 3493,6 + 303,6 < 0,001 < 0,001 0,383
Apgar score, first minute 8 (7;8) 8 (8;8) 8 (8;8) 0,04 0,135 0,845
Apgar score, fifth minute 9(8;9) 9(8;9) 9(9;9) 0,131 0,05 0,859

and inflammatory diseases of the urogenital tract, a smear
was taken to established cleanliness and microbiological
composition of the vagina. On average, the samples were
taken 10-14 days before delivery.

The cervicovaginal secretion samples were collected with a
disposable vaginal elevator and sterile disposable cytobrushes.
After introduction of the elevator and visual identification of
the external canal of the cervix, a cytobrush was inserted into
the cervical canal to a depth of 0.5 cm and, after a clockwise
rotation, removed in such a way as to avoid contact with the
walls of the vagina and external genital organs. After collection
the samples were cooled in liquid nitrogen and stored at -80 °C.

Before analysis, the samples were subjected to liquid-liquid
extraction to obtain the lipid fraction. For this purpose, 500 pL
of an H,O/methanol (1:1) solution were added to the test tube
with the cytobrush, then mixed thoroughly for 5 minutes and
sonicated for another 5 minutes. After that, the cytobrush was

removed from the test tube, 1 ml of chloroform added thereto
and the tube stirred for 10 minutes. Next, it was centrifuged
for 5 minutes at 13000 G at ambient temperature, 925 uL of
the lower layer taken, dried in a nitrogen flow and redissolved
in 200 pL of isopropanol/acetonitrile (1:1) solution for further
analysis.

Mass spectrometric analysis of lipid extracts

Lipid extracts were analyzed in a Dionex UltiMate 3000
liquid chromatography system (Thermo Scientific; Germany)
connected to a MaXis Impact qTOF mass analyzer with an
electrospray ionization source (Bruker Daltonics; Germany).
Samples were separated by reversed-phase chromatography
in a Zorbax C18 column (150 x 2.1 mm, 5 um; Agilent, United
States) with a linear gradient from 30 to 90% of eluent B in
20 minutes. Eluent A was a 60:40 acetonitrile/water solution with
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Fig. 1. Plotting of lipid levels. Significant differences between lipid levels, comparison of the normal and the IUGR  groups, positive ion mode (A) and negative ion mode (B)
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Fig. 2. Plotting of lipid levels. Significant differences between lipid levels, comparison of the normal and the PE groups, positive ion mode (A) and negative ion mode (B)

some 0.1% formic acid and 10 mmol/L ammonium formate;
eluent B was a 90:8:2 isopropanol/acetonitrile/water solution
with some 0.1% formic acid and 10 mmol/L ammonium
formate. The elution flow rate was 40 puL/min, and the volume
of the injected sample was 3 pL. The mass spectra were
obtained in the positive and negative ions mode in the range
of m/z 100-1700 Da, with the following settings: voltage
across the capillary at 4.1 kV in the positive ion mode and
-3.2 kV in the negative ion mode; pressure of the sputtering
gas at 0.7 bar, drying gas flow rate 6 L/min, drying gas
temperature 200 °C.

The initial mass spectrometric data were processed
with the help of msConvert software from the Proteowizard
3.0.9987 package [13], MzMine [14]. Lipid identification was
performed with LipidMatch scripts [15] using the exact mass
and characteristic tandem mass spectra (MS/MS). The list of
lipids is consistent with LipidMaps [16]

Statistical analysis

We used scripts written in the R language version 3.3.3 [17]
and RStudio 1.383 [18] to process the results statistically.

The analyzed parameters were checked against the law of
normal distribution with the help of Shapiro-Wilk test. When
the distribution of the examined value was normal, we used
the Student's t test for statistical analysis, and for the abnormal
distribution cases we relied on the Mann-Whitney test for
pairwise comparisons. To describe the quantitative data with
normal distribution, we used arithmetic mean (M) and standard

@

G

Intensity (log. scale)

OXTG 18:1(OH)_18:1(Ke)_18:1

deviation (SD) in the M (SD) format. Features with distribution
different from normal were described as a median (Me) and
quartiles Q, and Q, in the Me format (Q,; Q). The value of the
threshold significance level p was taken at 0.05.

We developed the logistic regression models in order
to assess the possibility of classifying patients into groups.
Lipids showing statistically significant differences in levels
between the groups were independent variables in the models.
Akaike information criterion (AIC) enabled selection of the
variables [19]. We continued selecting variables in stages
while this action resulted in an increase in AIC. The quality of
the resulting diagnostic model was tested by internal cross-
validation with control for individual objects. The values of the
area under the operating curve, sensitivity and specificity were
used for assessment. The patient's group membership was the
dependent variable. For each model, we determined the Wald test,
95% confidence interval (Cl), odds ratio (OR) and its confidence
interval. The quality of the developed models was determined by
constructing the ROC curve, determining the area under the ROC
curve, and calculating the sensitivity and specificity.

RESULTS

Table 1 gives the results of analysis of the clinical parameters
of the groups.

[t was found that the BMI of pregnant women from the
IUGR group is significantly lower than that of women in
the "normal" and "preeclampsia" groups (p = 0.005 and
p = 0.0045, respectively).

-—
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Fig. 3. Plotting of lipid levels. Significant differences between lipid levels, comparison

of the PE and the IUGR groups, positive ion mode
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Table 2. Characteristics of the components used to build logistic regression models enabling allocation of the patients to the IUGR , PE and Normal (control) groups
by the lipid profile established for the cervical canal secretion: independent variable, its coefficient B, confidence interval (Cl) of B, Wald test, probability of coefficient

value differing from P zero

Lipids B on g Wald test P
IUGR/Normal, positive ion mode
Free term -0,93 -2,63-0,43 -1,20 0,23
18:3(OH)7O1X;1G(Ke)718:2 3,01-10* 5,99-10°-8,16-10 1,38 0,17
IUGR/Normal, negative ion mode
Free term -10,73 -31,29-1,54 -1,62 0,1
SM d22:3/22:4 3,20-10°° 6,28-10-8,88-10° 1,65 0,1
PE 18:1_24:1 5,84e-04 1,72:10-1,49-10° 1,96 0,05
MGDG 16:0_16:1 -3,01-10° -8,54:105-4,33-10°° -1,45 0,15
PE/Normal, positive ion mode
Free term -0,75 -2,23-0,45 -1,14 0,25
TG 18:1_24:0_24:1 1,06-10° -2,27-107-3,53-10°° 1,19 0,24
PE/IUGR, positive ion mode
Free term 2,71 0,71-5,45 2,31 0,02
TG 16:0_18:1_24:0 -3,91-107 -8,39-107-7,62-10°° -2,07 0,04

All women delivered in the third trimester of pregnancy. The
delivery time for the PE and IUGR groups significantly differed
from that for the control group (p < 0.001), which is explained
by the need for accelerated delivery based on obstetric
indications. The share of preterm delivery in the PE group was
33.3% (six cases), in the IUGR group — 31.6% (six cases).

The average weight of newborns in the control group was
3493.6 g, compared to 2341 g and 2128.7 g in PE and IUGR
groups, respectively (p < 0.001).

It should be noted that, compared to the control group,
the Apgar score in the PE group was significantly lower at the
first minute of life (p = 0.04) and in the IUGR group — at the
fifth minute (p = 0.05). One of the possible reasons behind the
observations is that a newborn that suffered chronic hypoxia
and growth retardation for a long period has the reserves of his/
her compensatory mechanisms depleted and experiences early
neonatal adaptation in severe form. One child was diagnosed
with moderate asphyxia at birth, which required additional
respiratory support.

Analysis of lipid composition of the cervical canal secretion
was enabled by LC-MS. LC-MS experiments were performed
in both positive and negative ion modes, since this approach
allows expanding the coverage of registered and identified
lipids. LC-MS in positive ion mode allowed identifying 129 lipids,
LC-MSinnegativeionmode— 110 lipid compounds. Comparison
of the relative lipid levels between the control group and the
IUGR group revealed 10 lipids with levels differing significantly
as registered in positive ion mode and 7 lipids with significantly
different levels as registered in negative ion mode (Fig. 1). The
results of the comparison of control and PE groups were 1
lipid with significant level difference found in positive ion mode
analysis and 2 such lipids discovered negative ion mode (Fig. 2).
As for the PE to IUGR groups comparison, there were two

lipids the levels of which differed significantly (Fig. 3). Mainly,
the lipids were oxylipins (oxytriglycerides and oxycardiolipins),
sphingomyelins, triglycerides, and cardiolipins.

Relying on the data obtained, we built the logistic regression
models seeking to identify patients who may develop IUGR
or PE, such identification based on the levels of lipids in the
cervical canal secretion (Table 2). A ROC analysis enabled
assessment of quality of the built models; Table 3 and Figures 4
and 5 present the results of this analysis. The models enabling
allocation to the control and the IUGR groups had the best
parameters; they made use of data obtained with both positive
ion mode and negative ion mode. The AUC was 0.70 and
0.85, respectively. The model that enabled allocation to the PE
and control groups had a rather high specificity (0.91) but low
sensitivity (0.30). Thus, of the obstetric pathologies considered
in this work (IUGR and PE), the non-invasive approach to
lipid profiing based on the cervical canal secretion seems
most promising for detection of IUGR. As for PE diagnosing,
applicability of the described approach requires additional
research. The IUGR /Normal and IUGR /PE models built on
the positive ion mode and negative ion mode data can be
considered for further improvement and validation.

DISCUSSION

The study allowed identifying 129 lipids with positive ion
mode and 110 lipid compounds with negative ion mode;
they are simple lipids, glycerides and complex lipids, which in
turn are divided into glycerophospholipids and sphingolipids.
The natural organic compounds of this large group, including
fats and fat-like substances, participate in construction of
cell membranes and regulation of metabolism. The group is
undoubtedly interesting as a research subject in the context

Table 3. Characteristics of the logistic regression models enabling allocation of the patients to the IUGR, PE and Normal (control) groups by the lipid profile established
for the cervical canal secretion. PPV — positive predictive value, NPV — negative predictive value

Patient groups MS tec:’;g;‘fvfspi‘;srg"’e ion/ Sensitivity Specificity Threshold | AUC | PPV | NPV
IUGR/Normal positive 0,63 0,91 0,2 0,7 0,6 0,89
IUGR/Normal positive 0,81 0,01 05 08 | 079 | 09
PE/Normal positive 0,3 0,01 0,1 067 | 027 | og8
IUGR/PE positive 0,67 06 05 066 | 06 | 058
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Fig. 4. Operational curve plotted for the IUGR/Normal model based on the positive ion mode (A) and negative ion mode (B) data

of obstetric pathologies. In particular, there may be value in
investigation of changes in the group associated with the said
pathologies and, specifically, tracking the fluctuations at the
interface of the mother-placenta-fetus system. Fatty acids and
lipids play a primary role in growth and development during
the embryonic period. Unbalanced intake of fatty acids during
the perinatal period alters the composition of fatty acids in
the membrane phospholipids of the fetus, which can cause
structural and functional problems in its cells. In addition, the
metabolic and neuroendocrine environment of the fetus and
the newborn plays a key role in the energy balance regulation.
Lack of proper balance between fatty acids and lipids during
pregnancy can lead to irreversible changes in the control of
neuroendocrine function and energy metabolism in the fetus,
leading to metabolic programming. Thus, control of the lipid
levels enables detection of abnormalities in the mother-
placenta-fetus system even at the preclinical stage [20]. It
has been shown (in both animal and human experiments) that
the metabolic pathway of sphingolipids plays a critical role in
fetal and maternal tolerance, regulating innate immunity at the
mother-fetus interface. These findings may help develop new
therapeutic strategies for obstetric complications [21].

During pregnancy, metabolic changes occur in all
systems and processes of the woman's body, including lipid
metabolism. Cholesterol and free fatty acids are essential
for cellular synthesis of embryonic membranes. The fetus
synthesizes lipids and makes extensive use of maternal lipids,
although free transplacental transport of maternal lipoproteins
is limited by the "placental barrier" [22]. Phospholipids and
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1.0 7 B ROC-curve
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B 04 4
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0.0 0.2 0.4 0.6 0.8 1.0
Specificity

triacylglycerols (TAGs) from the mother's body do not penetrate
directly to the fetus. There is a number of mechanisms enabling
transportation of fatty acids to the fetus; these mechanisms
imply binding fatty acids [23] and transporting them intensively
across the placenta. Circulating lipids have a variety of effects
on the endothelial cell function. Dyslipidemia is often associated
with dysfunction of these cells [24]. Several studies have shown
a concentration-dependent relationship between elevated TAG
levels and the risk of PE. There are many mechanisms that may
be used as explanation of the correlation between dyslipidemia
and PE. For example, increased levels of lipid fractions (such
as TAG) trigger their accumulation in endothelial cells and
subdue production of prostacyclin, which subsequently
leads to endothelial dysfunction [25]. In our study, the level of
TG18:1_24:0_24:1,CL16:0_16:1_22:6_22:6, PC O-22:
1/18: 1 had significant differences in the PE-Normal groups
comparison (p = 0.008, p = 0.02, p = 0.04, respectively). The
specificity achieved for the PE/Normal diagnostic model is 0.91
(cut-off threshold — 0.10; AUC — 0.67).

In case of IUGR, placenta does not function properly
and has its structure compromised, and the manifestations
of the problem are detectable with the fetus but not with the
mother's body. Several researchers [26, 27] have found that
during pregnancy complicated by IUGR, there is a decrease in
the level of lipids in the umbilical cord blood and the mother's
blood, and the number of their receptors goes down, too.
Low levels of lipids and their receptors in the feto-placental
complex will probably have very serious consequences for
the normal growth and development of the fetus, since they
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Fig. 5. Operational curve plotted for the PE/Normal model (A), IUGR/PE model based on the positive ion mode data (B)
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will only insufficiently enable transport of cholesterol, normal
functioning of the placenta and harmonious growth of the
fetus. As we have registered in our study, the levels of 17 lipids
(Table 2) were significantly different in the IUGR and the Normal
groups (p < 0.05). The specificity achieved for the PE/Normal
diagnostic model is 0.91, sensitivity is 0.81 (cut-off threshold
-0.50; AUC — 0.85).

The significant difference in the results of examination of
cervicovaginal secretion samples taken in the IUGR and PE
groups (p = 0.04) is of particular interest. This difference clearly
demonstrates that these pregnancy complications, initially
considered to stem from the common placental dysfunction,
are not the same on the pathogenetic level.

CONCLUSIONS

Qur study clearly demonstrates the possibility of using
cervicovaginal fluid in complex diagnostic monitoring of pregnant
women with placenta-associated obstetric complications.
We performed an in-depth clinical-anamnestic and mass-
spectrometric analysis of samples taken from 57 pregnant
women. Analysis of the cervical canal secretion of pregnant
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FEATURES OF THE DECIDUALIZED ENDOMETRIOSIS DIAGNOSIS AND COURSE DURING PREGNANCY
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Currently, surgical treatment aimed to exclude the malignant ovarian tumors is performed in almost 90% of patients with decidualized endometrial cysts (DEC). However,
unnecessary surgical interventions increase the risk to maternal and fetal health. The study was aimed to perform a differential diagnosis of DEC in pregnant women
in order to define the rational treatment. A total of 82 female patients were included in the study: 63 had endometrial cysts (EC), 16 had DEC, 3 had rare forms of
endometriosis, and 10 had ovarian serous papillary borderline tumors. When performing the diagnostic ultrasound, our proposed model was used. The ultrasound
imaging data obtained were juxtaposed with the concentration of the protein tumor markers (CA-125), the risk of malignancy index (RMI) was calculated, and the
morphological assessment of the masses was performed. The ultrasound imaging parameters, being the most valuable for differential diagnosis of EC, DEC, and serous
borderline tumors, were as follows: the altered mass wall thickness, the existence and shape of papillary masses, avascular echogenic inclusions with blurry contour,
blood circulation and arrangement of blood vessels, ascites. The frequency analysis revealed the differences between groups based on the ultrasound imaging data (in
60-100% of observations). Histological examination revealed the differences between groups in 100% of observations. Our findings have made it impossible to prolong
pregnancy in patients with DEC without performing surgery. The results of treatment provided to patients with DEC during pregnancy were worse compared to those in
patients with no prominent decidualization in ovarian EC. Today, the diagnosis of DEC and the treatment of patients during pregnancy remain unsophisticated. Further
clinical observation and the search for more reliable methods of the diagnosis and rational treatment of pregnant women with DEC are required.
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B HacTosiLLee Bpemsi Mpun HanM4mmn AeumayanianpoBaHHbIX SHAOMETPUOUAHBIX KUCT An4HIKOB ([OK) xvpyprinyeckoe nedeHve Ans UCKIFoYeHNst 3fI0Ka4eCTBEHHbIX
Onyxornel AMYHKOB BbINONHAIOT nMpakTnydeckn B 90% cnyyaeB. HeonpaBaaHHble XMpyprideckne BMeLLaTeNbCTBa NPy 9TOM YBENMHUMBAKOT PUCK ANS 300POBbS
mMatepu 1 nnoga. Liensto nccneposaHus 610 NpoBecTy anddepeHupmanbHyto auarHocTvky JOK y 6epemeHHbIX [ns onpeaeneHs paLyioHansHoro neveHvs. B
1ceneaoBaHme BKIKOYEHbI 82 nauneHTKM: 63 13 HUX Bbl ¢ SHAOMETPUONAHLIMU KcTamm (OK), 16 — ¢ 10K, 3 — ¢ pegkmmm hopmamn aHgomeTprosamn 10 —c
CEPO3HbIMY ManMINSPHBIMLA MOrPAHNYHBIMU ONYXONAMA SUHHUKOB. [N ynsTpassykoBon (Y3) AnarHOCTUKM UCMONb30BaIN NPEAIOKEHHYIO aBTopaMn Moaerb.
[Mony4eHHble Y3-AaHHble COMOCTaBANM C KOHLIEHTpaLweln 6enka-oHkoMapkepa (CA-125), paccuutbiBanm nHaexkc RMI (risk of malignancy index), BbinonHsnm
Mopdonornyeckoe nccnenosaHve obpasoanunin. Ocobo LeHHbIMKU Y3-napameTpamn npu auddepeHumansHon anarHoctrke 9K, 9K 1 norpaHnyHbIX
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Ovarian endometriosis is a chronic tumor-like lesion observed
in 1-2% of pregnant women [1]. In 12% of women, the foci
of endometriosis may undergo decidualization, and emerge as
early as at 9 weeks of gestation [2].

Decidualization is a benign transient lesion, observed during
gestation. It is usually found during the caesarian section or
surgical treatment of masses with high risk of malignization.
The decidual regression occurs in 4-6 weeks after delivery [3].
According to some reports, lower levels of decidualization in the
postpartum period [4] are associated with high progesterone
levels, absence of menstrual periods, and increased apoptosis
being the key factor of endometriosis regression.

Decidualized endometrial cysts (DEC) are almost always
asymptomatic during pregnancy. When performing the
ultrasound examination of DEC, the majority of authors
distinguish the combination of the cystic cavity with a large
amount of suspended debris, typical for EC, and papillary
projections with increased vascularity. These echographic
characteristics are similar to those of malignant ovarian tumors.
Surgical interventions aimed to exclude the malignant ovarian
tumors in patients with DEC are performed in almost 90% of
observations [5, 6]. Unnecessary surgical interventions increase
the risk to maternal and fetal health [7-11].

Thus, despite the fact that in pregnant women
decidualization is characterized by benign course, it becomes
the cause of numerous complications, and the presence of
macroscopic features similar to those of malignant tumors may
result in unnecessary therapeutic interventions.

The study was aimed to perform a differential diagnosis of
DEC in pregnant women in order to define the rational treatment.

METHODS

A total of 82 female patients with endometriosis verified by
histology were enrolled in the study, which was carried out in
2000-2021. The age of the patients examined varied between
19-41 years (the median age was 31 years). Inclusion criteria:
consent to participate in the study; pregnancy; ultrasonography
confirmed ovarian endometriosis in the pregravid period or during
pregnancy; subsequent surgical treatment and morphological
verification. Exclusion criteria: pregnant woman's refusal
to participate in the study; threatened abortion; intrauterine
infection; prenatal injury identified before the study.

Ingroup 1 (control group), ultrasound examination performed
during pregnancy revealed no signs of decidualization in 63
patients out of 82. These patients had a caesarean delivery
due to combined indications: endometriosis and breech
presentation in 9 patients, acute fetal hypoxia in 10 patients,
unprepared birth canal and hypotonic labor in 11 patients,
postterm pregnancy and threats to the fetus in 10 patients,
severe preeclampsia in 4 patients, symphysitis in 5 patients,
uterine scar in 6 patients, placenta praevia in 4 patients, primary
infertility and in vitro fertilization (IVF) in 4 patients. After the
delivery and histological examination of ovarian masses (OM),
decidualization in the ovaries was the finding revealed in 43 of
these patients.

Among 63 deliveries, 5 (7.9%) were preterm. Of those in
1 case severe preeclampsia developed at 29 weeks, and the
treatment was ineffective; in 2 cases at 32 weeks there were
placenta previa with hemorrhage (1 patient) and premature
rupture of membranes (PROM) (1 patient); in 2 cases at 35-36
weeks there were placenta previa with hemorrhage (1 patient)
and acute fetal hypoxia (1 patient).

In 16 patients of group 2, decidualization in the ovary
was found at 16-28 weeks (the median value was 17) of
pregnancy, having the signs resembling malignization, that is
why laparoscopic adnexectomy (one case) with oophorectomy
(four cases) was performed, as well as laparotomy with
adnexectomy (four cases) and oophorectomy (seven cases).
When performing laparotomy, the abdominal cavity revision
was performed, together with tissue specimen collection and
rapid morphological examination.

Three patients had the severe decidual reaction and rare
complications of endometriosis. In one patient, who had the
caesarian delivery, endometrial implants were found during the
surgical procedure. The foci of deciduosis were located on the
uterine surface, omentum, peritoneum, and were represented
by numerous yellowish elastic nodules of various sizes, the
largest of which were almost 4 cm in diameter. In two women,
decidualization was diagnosed in the colon wall, resected on days
2 and 5 after delivery due to the symptoms of acute abdomen.

When performing a differential diagnosis of DEC, we used
the earlier results (control group 2) [12] obtained for 10 patients
with ovarian serous papillary borderline tumors.

Ultrasound examination was performed with the Voluson
E8 ultrasound machine (General Electric; USA) with the use of
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Fig. 1. ROC curve of the model for identification of endometrial cysts
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transabdominal and transvaginal color Doppler imaging and
pulsed wave Doppler velocimetry. Ultrasound characteristics of
the tumors were assessed using the earlier proposed models
[13]. The 2D and 3D comprehensive ultrasound examination
was combined with color Doppler (CD) and power Doppler
(PD), as well as with 3D angiography. Diagnostic ultrasound
was performed with the use of our proposed model, allowing
one to distinguish between benign, borderline and malignant
tumors [13]. When assessing the model accuracy, sensitivity
(Se) and specificity (Sp) were used along with the count of
correct assignments.

The concentration of CA-125 was assessed by enzyme
immunoassay using the test system (Siemens; Germany).

RMI was defined in accordance with the guidelines [14, 15]
using the following formula:

RMI =M x U x CA-125,
where M — menopausal status in points, U — ultrasound
results in points, C — serum CA-125 level (IU/mL).

RMI = 200 was regarded as a sign of the high likelihood of
epithelial ovarian cancer.

Tissue specimens stained with hematoxylin and eosin
were assessed by different pathologists. Morphological
diagnosis was established in accordance with the WHO
classification of tumours of the female reproductive organs
(2014). Paraffin-embedded tissue blocks were selected for
immunohistochemistry: 15 blocks from patients with EC, and
10 blocks from patients with DEC. Morphological assessment
was performed by standard methods. The diagnosis of
deciduosis was confirmed by immunohistochemistry with the
use of Vimentin (3B4, Ventana) and CD10 (56C6, Ventana)
antibodies, being the markers of mesenchymal tissue and
endometrial stroma, respectively. Intestinal tissue specimens
were used as a positive control when assessing the expression
of Vimentin, and the tonsillar tissue specimens were used
when studying the CD10 immunoreactivity; when performing
immunohistochemistry, the samples of the studied tissue
not treated with primary antibodies were used as a negative
control for both markers. Positive staining for both markers was
subjectively classified as weak, moderate, or strong.

In addition, medical records together with the pregnancy
and childbirth outcomes were studied in these 82 patients after
treatment.

Statistical data processing was carried out using the SPSS
15.0 software package (IBM; USA). The data were subjected
to frequency analysis by constructing the crosstabs. The
differences were considered significant when p < 0.05.

RESULTS

Ultrasonography showed that in the majority of observations
in group 1, EC (n = 63) were small, located inside the ovaries,
with smooth outer and inner contours, the cyst content was of
moderate or high echogenicity, blood vessels were visible in the
walls. A total of 60 EC (95%) were unilateral: right-sided in 18
patients (30%), left-sided in 42 patients (70%). Bilateral cysts
were found in three observations (5%).

The cyst size varied between 25 x 20 and 127 x 83 mm,
the average size was 47.5 + 4.8 x 31.8 + 3.1 mm, (the median
value was 41.5 x 28.5 mm). In 48 pregnant women (76%)
of group 1, EC had the characteristic echographic features
(lied in a fixed position close to the posterior uterine wall, had
a thickened wall, creating the effect of double contour, non-
movable finely dispersed suspended material (ground-glass
opacity)), not differing substantially from the typical echographic
features observed in the non-pregnant state. CD and PD
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Fig. 2. Doppler ultrasonography of the endometrial cyst. Longitudinal transabdominal
scan. Multiple coloured loci of blood flow and low resistive index values
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Fig. 3. ROC curve of the model for diagnosis of malignant and borderline tumors in
pregnant women

revealed the sporadic coloured loci with high or medium
resistance blood flow within a cyst wall. Bilateral cysts were
found in three observations. In about 5% of 63 observations,
EC had intracystic masses of moderate or high echogenicity
in the form of blood clots and multiple sponge-like zones with
undulating contour in the inner surface of the mass. In 12
observations (19%), EC visible on the image looked like serous
cystadenomas, round shaped hypoechoic masses with small
amount of suspended material, avascular on CD images.

When performing the differential diagnosis of EC with the
use of our proposed method [13], the patient's age, blood
vessel arrangement, and the resistive index (RI) were of the
greatest informational value. The maximum EC score obtained
using the decision procedure did not exceed 2 points.

Performance of the model for EC identification (Fig. 1) was
84%, however, the area under the ROC curve was very large,
indicating the high quality of the model.

Preoperative evaluation of the patients in group 1 revealed
no peculiarities in the ultrasound imaging parameters, CA-125,
RMI in puerperant women with no deciduosis and those
who had deciduosis, which was identified as a finding when
performing the histological examination.

Blood levels of CA-125 in patients varied between 7.3
and 131.2 U/mL, the average level was 61.1 + 8.5 U/mL
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Fig. 4. Endometrial cyst with prominent decidualization and the formation of pseudopapillary structures. A. DEC (hematoxylin and eosin, x50). B. CD10 —
prominent diffuse membranous and cytoplasmic expression. C. Vimentin — prominent diffuse cytoplasmic expression

(the median value was 53 U/mL). Furthermore, in 19 patients
(80%), this value was below the threshold (7.3-33.4 U/mL).
In 31 patients (49%), this indicator showed the upward trend
(44-94 U/mL), and in 13 patients (21%) the value exceeded
100 U/mL (100.2-131.2 U/mL). Our records show that CA-125
varies in the range of 8.5-280 U/mL during normal pregnancy
(the median value is 95.6 U/mL).

RMI varied between 7.3 and 131.2, the average value was
65.4 + 9 (the median value was 59). In the group of patients
with EC, about 98% had RMI of less than 200. Moreover, in
19 patients (31%), RMI was below 25, in 28 patients (44%), it
was 25-100, and only in 16 patients (25%), the observed RMI
values exceeded 100, but never reached 200.

The planned caesarean section results in this group were
as follows: all children were born in satisfactory condition. The
Apgar score was 6-8 (the median value was 7.8) in premature
babies and 8-9 (the median value was 8.9) in full-term babies.
The birth weight was 1880-2840 g (the median value was 2640
g) in premature babies and 2660-4480 g (the median value was
3530 g) in full-term babies. Three premature babies needed
the 2nd stage developmental care. In other babies, the early
neonatal period went smoothly, the patients and their babies
were discharged from the maternity hospital on day 5-7 after
surgery. The morbidity rate was 3.2%.

Morphological examination of non-decidualized EC
showed that the walls of ovarian cysts consisted of ovarian

Table. Comparative characteristics of EC, DEC and borderline tumors

tissue with fibrotic changes, inner layer of cytogenic stroma
with hemorrhages and hemosiderin deposition, and the lining
epithelium was of endometrioid type. In DEC identified as
findings, the fragments of the cystic ovarian endometrioma
wall were defined with no lining epithelium, large areas of
decidualization involving hypertrophy of endometrial stromal
cells into polygonal cells with clear margins, abundant
eosinophilic cytoplasm, round to oval nuclei with fine granular
chromatin; no mitosis was detected.

When performing ultrasound examination in group 2 (n = 16),
DEC were identified as the masses secured to the walls of the
pelvis, located low relative to the gravid uterus. In 10 pregnant
women (62.5%), DEC were unilateral, right-sided DEC were
found in 7 patients (70%), and left-sided DEC were identified in
three patients (30%). Bilateral ovarian lesions were reported in
six observations (37.5%).

The cyst size varied between 20 x 30 and 108 x 161 mm,
the average size was 73.7 + 6.2 x 96.5 + 7.5 mm (the median
value was 76.5 x 108.5 mm) (significant differences with group 1,
p < 0.001-0.05).

DEC were characterized by cystic and solid ovarian mass
structure in all observations, multiloculated structure in four
patients (25%), or incomplete septa in four observations
(25%), irregular wall thickening with highly vascularized mural
structures having multiple coloured loci of blood flow and low
resistive index values in all masses.

Studied parameters

EC

DEC

Borderline tumors

Location of the mass

Posterior to the uterus,
fixed low

Posterior to the uterus, fixed
low

Beside the uterus, often at the level of
the fundus

Structure: cystic, cystic and solid

Cystic

Cystic and solid

Cystic and solid

Type of suspended debris: coarse echogenic
(ground-glass opacity), finely dispersed echogenic

Ground-glass opacity —
coarse echogenic

Ground-glass opacity —
coarse echogenic

Finely dispersed echogenic

Structure: unilocular, bilocular, trilocular

Unilocular

Unilocular, bilocular, trilocular

Unilocular, bilocular, trilocular

Wall of the mass: thickness, size of altered locus

Fragmented up to 2 mm

Total up to 3-6 mm

Fragmented up to 2 mm

Irregular shape in 100% (of cauliflower

Papillary growths: presence and shape No Regular round shape in 100% type)
Avascular echogenic inclusions with blurry Extremely rare Up to 97% No
contour

Rl (resistive index) 0.54 (0.41-0.69) 0.44 (0.24-0.62) 0.42 (0.19-0.58)
PSV (peak systolic velocity) 9.6 (9.2-14.3) 13.2 (6.0-17.0) 14 (3.9-21.9)
PI (pulsatility index ) 0.82 (0.51-1.22) 0.55 (0.25-0.87) 0.54 (0.27-0.88)

Blood circulation (arrangement of blood vessels)

No, single loci

Moderate to high circulation
intensity

High circulation intensity in the wall,
septa, and papillary growths

Ascites no no present in 60%
CA-125 (U/mL) 61.1 + 8.5 (median 53) 120 + 31.6 (median 70.5) 135.4 + 55.1 (median 80.5)
RMI 65.4 + 9 (median 59) 348 + 97 (median 212) 334.1 + 147 (median 241.5)

Histological examination

Histological features of
ovarian EC

Histological features of ovarian
DEC

Histological features of ovarian serous
papillary borderline tumors

BECTHVK PrMY | 6, 2021 | VESTNIKRGMU.RU




When performing the differential diagnosis of DEC with
the use of our proposed method [13], such factors as ovarian
tissue, RI, PSV, and blood vessel arrangement were of great
prognostic value. The maximum DEC score obtained using the
decision procedure exceeded 4 points. Based on the ultrasound
features, DEC (Fig. 2) could be identified as a malignant tumor.

The model obtained showed sensitivity of 100% and
specificity of 92.3% in the test sample, with the overall accuracy
of 92.8% (Fig. 3).

Blood levels of CA-125 in patients of group 2 varied
between 17.6 and 361 U/mL, the average level was 120.1 +
31.6 U/mL (the median value was 70.5 U/mL). Furthermore,
in two pregnant women (12.5%), this value was below the
threshold, in nine observations (56.25%), this indicator showed
the upward trend (from 47.8 to 82.67 U/mL), and in five patients
(31.25%), the value exceeded the threshold and reached
361 U/mL.

RMI varied between 69 and 1083, the average value was
348 + 97 (the median value was 212, p < 0.001-0.05). In the
group of patients with DEC, seven pregnant women (43.75%)
had RMI values significantly higher than 200 (207-1083), five
patients (31.25%) had RMI not exceeding 200, and only four
patients (25%) had RMI values below 100.

In patients of group 2 with decidualization in the ovary,
pregnancy evolved in different ways. In four patients out of 16
(25.0%), pregnancy was complicated by miscarriage after the
surgical treatment due to suspected malignancy, performed
at week 12-27 of pregnancy. Perinatal death at 23 weeks of
gestation occurred in one patient, three patients gave birth
prematurely, and 12 patients had a full term delivery. The
Apgar scores of premature babies varied between 6-8 and
7-8 (the median value was 6-7). The birth weight of premature
babies was 1880-2640 g, (the median value was 2010 g).
In patients, who had a full term delivery, the Apgar scores of
the newborns varied between 8-9 and 9-9 (the median value
was 8-9), the Silverman Anderson score was 2-3, and the
birth weight was 2810-3720 g (the median value was 3185
g). In one observation, the early neonatal period was spent in
the intensive care unit, and in three observations, respiratory
support and the treatment of respiratory distress syndrome
were required. Subsequently, three newborns were transferred
to the multidisciplinary children's hospital for the 2nd stage
developmental care. Thus, perinatal mortality in group 2 was
62.5%0, and morbidity was 25.0%.

Fig. 4A demonstrates the wall of the cystic ovarian
endometrioma with no lining epithelium, fibrotic changes of
ovarian tissue, and prominent hypertrophy of endometrial
stromal cells with the formation of the well vascularized papillary
structures.

Immunohistochemistry performed in the group 2 on
10 selected paraffin-embedded tissue blocks confirmed
decidualization in the cystic ovarian endometrioma walls in
all observations. Morphological evaluation showed that the
latter had a typical structure, were lined with epithelium of
endometrioid type, with hemorrhagic foci and hemosiderin
deposition within the wall. Immunohistochemistry revealed
moderate positive cytoplasmic expression of CD10 in the
stromal cells of the foci with decidualization (Fig. 4B) together
with strong positive cytoplasmic immunoreactivity for Vimentin
(Fig. 4C).

DISCUSSION

When reviewing the data obtained, it should be noted that
EC with no prominent decidualization during pregnancy have
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Fig. 5. Multiple regions of decidualization

a latent favorable course and do not result in pathological
pregnancy and labor course, increased perinatal morbidity and
mortality.

According to literary sources, decidualized EC occurs in
12-20% of observations; the cyst size is reduced in 52% of
observations, increased in 20% of observations, and unaffected
in 28% of observations. Furthermore, the rate of DEC rupture
is 3-4%, and the abscess formation is revealed in 4% of
observations [16, 17].

Differential diagnosis of ovarian EC and DEC in pregnant
women remains an obstetric challenge. Most authors
distinguish the combination of the cystic cavity with a large
amount of suspended debris, typical for EC, and papillary
projections with increased vascularity among the echographic
signs of DEC [7-11]. When there is a DEC, the sonographic
features are similar to those observed in patients with malignant
ovarian tumors based on the echographic characteristics. Our
records (Table) show that today the use of generally accepted
non-invasive preoperative diagnostic tests makes it possible
to distinguish between EC, DEC, and borderline tumors with a
high probability. The comparison of DEC with borderline tumors
(with the control group 2) revealed significant fluctuations in the
studied indicators, however, based on the ultrasound imaging
data, these were distinguishable in the majority of observations.
In modern medicine, the good test (marker) is the one that is
not found in 70% of the comparison group when comparing
two groups.

When performing the differential diagnosis of the studied
groups (Table), the following ultrasound imaging parameters
were the most valuable: the altered mass wall thickness, the
existence and shape of papillary masses, avascular echogenic
inclusions with blurry contour, blood circulation and arrangement
of blood vessels, ascites. The frequency analysis showed that
the DEC group differed from the groups with EC and borderline
tumors in 60-100% of observations based on the sonographic
markers. The results of histological examination made it possible
to perform a differential diagnosis of EC, DEC, and borderline
tumors in 100% of observations.

Given that the assessment of the studied sonographic
markers is still subjective, and the findings have made it
impossible to eliminate the high risk of the mass malignization
in patients with DEC, these patients have undergone surgery
in early pregnancy. Echographic image of DEC suspicious for
malignization has made it impossible to prolong pregnancy
for ethical reasons, even with the possibility of the increased
rate of perinatal complications. The need for surgical treatment
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aimed to exclude the malignant ovarian tumors in patients with
decidualized EC (DEC) is in line with literature data [5, 6], this
treatment method is applied in almost 90% of observations.

Adverse pregnancy outcomes in patients with endometriosis
relate primarily to miscarriage, high risk of preterm labor and
low birth weight babies [18-20].

Pregnancy and labor in patients with endometriosis are
associated with high risk of complications, such as hemoperitoneum,
bowel perforation, appendicitis, and EC rupture [19, 20].

Other complications of pregnancy are observed in patients
with decidualization. Thus, in one of the trials, histological
examination revealed decidual changes in all layers of appendix
on day 5 after caesarian section and gangrenous appendicitis
[21]. During our study, multiple yellowish elastic nodules of
various size (up to 4 cm), located on the uterine surface,
omentum, and peritoneum, were found during the surgical
procedure in one patient, who had caesarian section for
obstetric reasons (Fig. 5).

The fragments of omentum were resected for further
histological examination, which revealed prominent decidual
changes. In the other two patients, we had to perform re-surgery
during the postoperative period (on days 2-5 after the caesarian
section performed for obstetric reasons) due to acute abdomen.
The macroscopically altered fragments of the colon with
decidualization in the wall and multiple endometrioid heterotopias
with decidual changes in all layers of the colon wall were resected.
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RESISTIVE INDEX OF INTERNAL CAROTID ARTERY AND BRAIN NETWORKS IN PATIENTS
WITH CHRONIC CEREBRAL ISCHEMIA

Fokin VF =, Ponomareva NV, Medvedev RB, Konovalov RN, Krotenkova MV, Lagoda OV, Tanashyan MM
Research Center of Neurology, Moscow, Russia

Quantitative assessment of cerebral hemodynamics is important for patients with chronic cerebral ischemia (CCl), as it helps to reveal the pathogenesis of the
disease and set the course for effective prevention and treatment. The study was aimed to assess the correlation of the left carotid artery (ICA) resistive index (RI) with
cognitive functions and brain network organization based on fMRI data in patients with CCI (51 males and 105 females). The listed above indicators were studied
in patients with the left ICA Rl values below and above the average (0.54 + 0.013). The lower, normal physiological ICA resistance levels corresponded to the more
successful realization of verbal cognitive functions. In the first group, RI was within normal range (Rl = 0.42 + 0.007), and in the second group Rl exceeded normal
levels (Rl = 0.61 + 0.01). Variation of the right ICA RI did not correlate with the characteristics of verbal cognitive functions. FMRI data analysis was used to assess
the differences in connectivity between various brain regions in the groups with low and high RI. The normal physiological and elevated Rl values of the left ICA
correlated with differences in the organization of brain networks: normal physiological Rl values corresponded to a better organization of hemispheric connections in
the basal ganglia and brainstem, and high Rl values corresponded to a better organization of connections between the frontal regions and the cerebellum as well as
occipital areas of the cerebral cortex. The left ICA Rl can be considered as a biomarker of cognitive decline and brain networks reorganization in patients with CCI.
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WHOEKC PE3UCTEHTHOCTW BHYTPEHHUX COHHbIX APTEPUA N HENPOCETU MOSTIA
MPUN XPOHUYECKOW LEEPEEPAJTIbHON ULLIEMUN

B. ®. ®okumH =, H. B. MoHomapesa, P. B. Meageaes, P. H. KoHosanos, M. B. KpoTtenkosa, O. B. Jlaroga, M. M. TaHatuaH
Hay4HbIn LeHTp HeBponormmn, Mockea, Poccus

V13y4eHne Konm4ecTBeHHbIX Mokasartener LiepebpanbHON reMoanHaMnKK akTyanbHO Anst 60NbHbIX XPOHMYECKOW miwemmnein moara (XVIM), nockonbky OHO
MoMoraeT PackpbiTb NaToreHe3 3Toro 3abosieBaHyist, a TakxKe ONPefennTb HanpaBneHUs ero 3PMEKTVBHON ANarHOCTUKK 1 nederHns. Liensio paboTsl Gbino
OLEHWTb COMPSYKEHHOCTb MHAEKCa pe3ncTeHTHoCTU (RI) neBo BHYTPeHHel CoHHo apTepun (BCA) ¢ KOrHUTUBHBIMU (YHKLIMAMM 1 OpraHm3aLmen LiepebpansbHbix
HepoceTen no gaHHbIM GMPT y 6onbHbix XVIM (51 My>kumnHa 1 105 >xeHLWH). YkasaHHble nokasatenu ncenegosanm npu sHadeHnsx Rl neson BCA Huke n
BblLLE cpeaHero ypoBHsi (0,54 + 0,013). Bonee H13Kkuin, (hranonormieckin HopMarbHbIl YpoBeHb Pe3NCTEHTHOCTY neBoli BCA cooTBeTcTBOBa 601ee yereLHoMy
BbIMNO/IHEHWIO KOTHUTUBHBIX BepbasibHbIX yHKUMA. B nepsoit rpynne RI Haxoamncs B npefenax duavonorndeckoin Hopmel (Rl = 0,42 + 0,007), Torga kak Bo
BTOPOW RI 6b1N1 BbILLE HOPMaNbHbIX 3Ha4eHWI (Rl = 0,61 + 0,01). Baprauus Rl npasoi BCA He Obina B3aMOCBA3aHa C XxapakTepucTukamm BepbasibHbIX (DYHKLWIA.
Mocpencteom aHanmaa GMPT onpenensinm pasHOCTb NokasaTteNein KOHHEKTUBHOCTW MEXY pasinyHbiM/ 061acTsaMy Mo3ra B rpyrnax ¢ HU3KUM ¥ BbicokM Rl
Puaronorn4ecky HopManbHbIi 1 NoBbilleHHbIN Rl nesot BCA conpsbkeHbl C pasnuumsmMm B OpraHnsaumy HerpoceTen: mpy uanonorndeckn HopmansHom RI
JIyHLLE BbIP&XKEHbB! MEXMOMYLLAPHbIE KOMMYHUKALMM Ha YPOBHE H6a3asibHbIX raHMEB 1 CTBOSIA MO3ra, a MPY BbICOKOM — CBSI3U1, COeAVHSAIOLLME TOOHbIE 0651acTn
C MO3KEYKOM U 3aTbINOYHbIMK 0bnacTamm kopbl. Rl nesort BCA MOXXHO paccMaTpuBaTh Kak 61oMapKep KOMHUTUBHOMO CHUXKEHWS 1 pEOpraH3aLmimn HeMpPOHHbIX
ceTen y 60nbHbIX XVIM.

KniouyeBble cnosa: XPOHM4ecKasa niemMna Moara, BHYTPEeHHAA COHHaaA apTepud, NHOEKC PE3NCTEHTHOCTU, KOTHUTUBHbIE prHKLI'I/II/I, HeI7IpOCeTI/I

Bknap aBTopoB: B. ®. ®OKMH — KOHLENUMst UccnegoBaHust, HanucaHve ctaten; H. B. MoHOMapeBa — CTaTUCTUYECKMIA aHanua, HanucaHne cratby;
P. B. MenBenes — aynnekCHOe CKaHMPOBaHWE; aHann3 reMogrHaMny4ecknx aanHblx; P. H. KoHoBanos — pernctpaumst n aHannd oMPT; M. B. KpoTeHkoBa —
aHanua GMPT, ansarH nccneposanus; O. B. Jlaroga — knHudeckuii aHanma; M. M. TaHalwsH — KIMHUHECKUI aHanva, AusainH NccnefoBaHus.
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Chronic cerebral ischemia (CCl) is among prevalent socially
significant vascular diseases [1]. Maintaining the normal levels
of cerebral circulation is a major challenge for patients with
CCl. In this regard, the internal carotid artery (ICA) blood flow
plays a vital part in maintaining the normal function of the
brain. There are numerous papers, which demonstrate that
impaired cerebral circulation through ICA results in hypoxia,
structural and functional changes in the basin of ICA, and

cognitive impairment, especially in case of impaired left ICA
blood flow, since the left hemisphere is involved in organization
and regulation of many cognitive functions in right-handed
individuals [2]. There is a number of cerebral blood flow
indicators, commonly used to characterize circulation: linear
blood flow velocity and volumetric blood flow rate, resistive
index (RI), etc. Rl has been used in our study, since this is a
composite indicator being the difference between the systolic
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and diastolic blood velocities divided by the systolic velocity.
Along with the intima-media complex thickness, this indicator is
used to describe cerebral arteriosclerosis. Rl shows an upward
trend with the progress of CCl and small vessel diseases [3].

Another aspect just as important in this problem pertains
to the question of which neurophysiological mechanisms the
increased ICA Rl values are related to. Currently, the concept
of “brain networks” is widely used, significantly owing its
development to the success of functional MRI (fMRI). The
concept of connectivity, i.e. the synchronized changes of blood
oxygen level-dependent (BOLD) signal, which, according to
many researchers, indicate the involvement of these regions in
the joint functional system, is the key concept in brain network
research. The BOLD signal changes reflect the transition of
hemoglobin, contained in red blood cells, from oxidized to
reduced form in various brain structures. Temporal correlations
of low-frequency BOLD signal fluctuations in various brain
regions reveal the organized functional brain networks.
Connectivity, derived from resting state fMRI data, provides the
means to describe and investigate intercentral relationships, it
is considered a potential biomarker of neurological and mental
disorders [4, 5].

Depicturing of neural networks made it possible to better
understand the dynamics of nerve centers in cerebrovascular
disorders leading to neuron dysfunction and their death.

With the development of chronic disorders of cerebral
circulation, the cortical nerve centers and other structures of
the brain are disproportionately affected, which leads to the
emergence of a new neural organization. Thus, according to
the authors of [6], the volume of the hippocampus, thalamus,
putamen, angular gyrus and other structures depends on
the level of oxygen saturation in the blood, but the structures
listed above differ in their sensitivity to hypoxia. In addition, the
density of neurons varies in different areas of the brain, and the
density of capillaries is much more uniform [7]. Therefore,
it can be assumed that increased arterial stiffness due to
atherosclerosis, reflected in an increase in Rl and accompanied
by hemodynamic disorders, will affect the reorganization of the
brain network due to hypoxia occurring in the most vulnerable
areas of the brain [8]. This determines the relevance of studying
Rl in order to solve a whole range of problems related to the
CCl. Two of these problems are the most significant: the
correlation of the above indicator with cognitive functions and
the relationship between Rl and brain networks.

The study was aimed to assess the correlation of ICA Rl
with cognitive decline and the indicators of the resting-state
networks in patients with CCI.

METHODS

The study was carried outin 2019-2021 at the Research Center
of Neurology. A total of 156 patients with CCI (51 males and 105
females) aged 51-85 (the average age was 67.0 + 0.69 years,
SD 8.74) were enrolled. Cognitive impairment is observed
in patients with CCl, the patients differ mainly in quantitative
characteristics of memory impairment, performance, irritability,

Table 1. Correlation between right and left ICA Rl values and cognitive functions
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brainstem symptoms, etc. The main etiological causes of CCl
in the patients examined were as follows: atherosclerosis,
arterial hypertension (including the hypertension disease),
venous insufficiency, etc. Arterial hypertension (stage 1 and
stage 2 hypertension) was found in all patients. Patients with
atherosclerotic plaque buildup in the ICA and ICA stenosis up
to 60% were selected for the study.

Inclusion criteria: compliance with stage | or Il dyscirculatory
encephalopathy; patients, who did not need constant care
in their daily life. The patients with stage | or Il dyscirculatory
encephalopathy differed mainly in quantitative characteristics of
cognitive functions and had no history of acute cerebrovascular
accidents. Exclusion criteria: dementia rated 1 or higher on
the Clinical Dementia Rating Scale [9], the history of acute
cerebrovascular accidents (all patients underwent MRI of the
brain, in particular to exclude “silent” brain matter lesions, the
diffusion-weighted imaging mode was used with a diffusion-
weighting factor b = 1000), traumatic brain injuries, severe
cardiac or metabolic (type 2 diabetes mellitus) decompensation,
stages 3-5 of chronic kidney disease, uncompensated thyroid
disease (hypothyroidism). All the subjects were right-handed.
Contemporary ideas about the approaches to studying CCl, as
well as about dyscirculatory encephalopathy, are described in
detail in a number of papers [10-12].

The psychometric assessment included Luria's verbal
memory test [13], adapted for patients with this type of
vascular disorder. We estimated the total number of words
memorized by the patients after five repetitions of 10 words.
After the test, we performed a sequential countdown
(subtraction from 100 to 7) and evaluated the number of
words memorized. The fluency test took into account the
number of memorized words beginning with the letters S-,
K- and A-. Patients tried to name the maximum number of
words (regular and proper nouns) beginning with the letters
listed above, within one minute per letter. We estimated
the overall (mean) scores on word recall and fluency
stability based on the difference between the number of
words memorized in the first and last letters. Patients also
performed a letter recognition task based on the Kirschner
n-back test (the subject found two identical letters next
to each other in the free text without spaces), describing
the ability to recognize letters non-verbally. pattern and
concentration of attention [14].

Patients of both genders (20 males and 35 females) were
subjected to T2*-weighted resting-state fMRI in order to detect
the BOLD signal using the MAGNETOM Verio 3T MRI system
(Siemens; Germany). The subjects were offered the following
instruction: to relax as much as possible, to lie still with their
eyes closed in order to avoid stimulation of the visual sensory
system, and not to think of anything special. Preprocessing of
MRI data was performed using SPM12 software (Functional
Imaging Laboratory at University College London; UK) in the
MATLAB environment (MathWorks; USA). Connectivity was
assessed using the CONN-18b application (McGovern Institute
for Brain Research, Massachusetts Institute of Technology;
USA) of the SPM-12 software toolbox [15].

Right ICA RI Left ICARI

Recognition of nonverbal letter patterns

-0.24; n=84; p=0.026

Stability of verbal fluency

-0.22; n=82; p=0.049

Immediate recall

-0.26; n=67; p=0.035

Delayed recall

-0.23; n=77; p=0.044

Note: n — number of examined patients; p — significance level, females; blank cells correspond to no significant correlation.
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Duplex ultrasonography was performed in all patients.
Linear and volumetric systolic and diastolic blood flow
velocities were assessed in the right and left ICA. Color-flow
duplex ultrasonography was carried out using the Toshiba
Viamo system (Toshiba; Japan). The nature and the values
of linear and volumetric systolic blood flow velocities and RI of
the arteries were studied using a generally accepted method
with the linear probe 5.0-12.0 MHz. RI was calculated as
the difference between the systolic and diastolic blood flow
velocities divided by the systolic blood flow velocity.

FMRI was used to assess brain network connectivity in
55 patients, being in a quiet waking state. Connectivity was
compared between two groups of patients, which differed in
RI. Connectivity between two brain structures is equal to the
regression coefficient of BOLD signals in these structures.
The differences in connectivity between groups with low and
high RI were assessed based on the standardized regression
coefficients adjusted for multiple comparisons (false discovery
rate, FDR) [15]. The average RI values for both groups are
provided in the Results section. This sample of patients (n = 55)
was similar (o > 0.05) to the sample used for Rl assessment
(n = 156) based on Rl values and psychological test scores.

Connectivity was assessed using the Statistica-12
software package (StatSoft; USA) for analysis of variance
and other methods of studying variation, together with SPM-12
and CONN-18b applications in the MATLAB environment.
Connectivity and the differences in connectivity between
groups were assessed using multiple testing corrections taking
into account FDR. The differences were considered significant
when p < 0.05.

RESULTS

The right and left ICA RI values were not significantly different,
these were 0.564 + 0.011 and 0.548 + 0.013 respectively. There
were no significant differences in Rl between the right and the
left ICA in males and females (significance level for males
p = 0.96, significance level for females p = 0.21). The right and left
ICA RI values correlate with each other, and the correlation
coefficient is significant with a very high significance level
(r=10.69; n = 154; p < 0.000001), that is why bilateral differences
depend little on Rl values, which may vary in different disease stages.

Studying the correlation of the right and the left ICA Rl values
with cognitive functions has shown that the main correlation is
observed with the characteristics of blood flow through the left
ICA (Table 1).

A
N =132; F =5.98; p=0.016

0.58

0.56
_ 0.54
o
3
= 0.52
)
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0.50

0.48 o Mean

:T: Mean + SE
M +1.96* SE
0.46 ean + 1.96" S|
I_FS: -1 I_FS: 1

Left ICA RI

All the correlation coefficients were negative, which meant
that the smaller the RI, the better the cognitive indicators (see
Table 1). In men, there was a significant correlation between
the left ICA RI and the delayed recall score (-0.37; n = 48;
p =0.009).

Characteristics of the right ICA RI correlated with recognition
of nonverbal letter patterns, and the left ICA RI correlated with
the characteristics of verbal fluency, immediate recall, and
delayed recall.

Fig. 1 demonstrates the correlation of the left ICA RI with
some cognitive indicators (verbal fluency and delayed recall) in
the mixed-gender group. In both cases, lower Rl values, which
were closer to the normal physiological values, corresponded
to better preserved cognitive functions.

The average verbal fluency in all examined patients was
12.9 + 0.31 words (see Fig. 1A). The average value of this
indicator in patients with low verbal fluency (less than 13 words
(-1)) was 10.0 + 0.23 words (SD = 2.03, n = 76). In the group
with verbal fluency exceeding 13 words (1), the average value
of the indicator was 16.2 + 0.34 words (SD = 2.69, n = 62).

In a similar fashion, the low and high delayed recall scores
were less or more than five words, i.e. the half of the maximum
recall score of 10 (see Fig. 1B). In the group with low delayed
recall score (1), the average value was 3.0 + 0.19 words
(SD = 1.18, n = 40). In the group with high delayed recall score
(1), the average value was 7.3 + 0.44 words (SD = 1.19, n = 77).

Thus, the relatively preserved cognitive functions were
associated with lower left ICA RI values with a rather high
significance level (p < 0.001) (Fig. 1B).

Rl values for delayed recall are of prime interest, since in this
case it may be said that brain plasticity impairment, associated
with poor vocabulary recall scores, starts when Rl exceeds
0.55, i.e. when low delayed recall values are observed. RI
values under 0.54 correspond to relatively normal delayed
recall scores. Thus, a boundary between relatively normal and
altered Rl values is in the range of 0.54-0.55. It is interesting,
because this is consistent with the average RI value of
0.54 +0.013.

The varying degrees of success in realization of cognitive
functions depending on the left ICA Rl raise the issue of the
brain network state under these conditions. All subjects
were divided into two groups with RI values above or below
the average (the average values in these groups were 0.42 +
0.007 and 0.61 + 0.010, respectively). Fig. 2A demonstrates
that higher indicators of interhemispheric connections in the
basal ganglia, insular cortex, and cerebellum constitute the

N =114; F = 11.46; p = 0.00098
0.64

0.62

0.60

o Mean
B Mean + SE

T Mean +1.96* SE

IRep: -1 IRep: 1

Fig. 1. Left ICA Rl in patients with low and high cognitive test scores. A. Left ICA Rl in patients with low (1) and high (1) verbal fluency. B. Left ICA Rl in patients with low (-1)
and high (1) delayed recall score. |_FS — verbal fluency; IRep — delayed recall; N — number of examined patients; F — F-test; p — significance level; SE — standard error
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Fig. 2. Differences in connectivity between patients with low (A) and high (B) left ICA RI. A. Connectivity significantly prevailing in patients with low left ICA Rl values
compared to patients with high RI (r, | —right and left; 1, 3 — Putamen |, r; 2. — Pallidum; 4 — Insular Cortex (IC); 5 — Planum Polare (PP); 6 — Cerebellum). B. Connectivity
significantly prevailing in patients with high left ICA Rl values compared to patients with low RI (1 — NetWorks Cerebellar PosteRlor (NW Cereb Post); 2 — SupracalcaRIne
Cortex (SCQC); 4, 6 — Frontal Pole (FP) I, r; 3, 7 — Frontal Operculum (FO); 5 — Supplementary Motor Cortex (SMC))

main difference between brain networks in patients with normal
physiological RI compared to blood flow in patients with more
stiff vascular walls (high RI). The relatively higher connectivity of
neuronal networks of the cerebellum and a part of sphenoidal
cortex with the frontal regions, comprising frontal pole and
motor regions, were observed in patients with higher RI. The
reported effect did not correlate with age, since the group with
lower Rl was older (68.8 + 1.5 years), and the group with higher
RI was younger (62.9 + 2.1 years).

The differences were statistically significant at p = 0.025.
However, in the older group, higher indicators of cognitive
functions were observed, especially indicators of delayed recall.
This could be due to the peculiarities of the sample of a random
variable, as well as to the different degree of malignancy of the
disease in patients of different age groups, as in other diseases
(Alzheimer's disease, etc.).

Statistical parameters of the discussed connections are
presented in Table 2.

The data obtained demonstrate that strong interhemispheric
connections in the basal ganglia and cerebral cortex are
probably the factor associated with preserved cognitive
functioning.

DISCUSSION

The average Rl values in patients with CCl, registered during
our study, were close to the index values, registered in older
people of appropriate age. Some authors point out that RI of
0.7 is the upper boundary of the normal range in people of
elderly and senile age [16]. Our records show that in patients
with CClI this boundary for the left ICA passes through 0.55.
Regardless of the system of the circle of Willis, blood flow
through the left and right ICA has more to do with blood
supply of ipsilateral hemisphere than with blood supply of
contralateral hemisphere. Therefore, the decreased (primarily
due to atherosclerosis) left or right carotid artery blood flow
affects various cognitive functions or, according to some
authors, verbal and nonverbal intelligence [2]. According to
our information, cognitive processes, associated with verbal
functions, correlate with the left ICA RI, and those, associated
with nonverbal functions, correlate with the right ICA RI.

Mild cognitive impairment is often observed in patients with
unilateral stenosis and high ICA RI. However, the functional
and structural integrity of brain networks has been reported.
Alternatively, the developing cognitive decline is almost always

Table 2. Significant differences in connectivity between patients with low and high left ICA Rl values. A. Positive differences. B. Negative differences

Connectivity A T values p (unadjusted) p (FDR)
PP r-Putamen r T(49) = 3.39 0.0007 0.0487
PP r-Putamen | T(49) =3.34 0.0008 0.0487
PP r-Pallidum | T(49) =3.30 0.0009 0.0487
IC r-Pallidum | T(49) = 3.65 0.0003 0.0388
IC r-Cerebellum9 | T(49) = 3.52 0.0005 0.0388
Connectivity B

SCC r-SMC | T(49) =-3.70 0.0003 0.0420
SCCr-FOr T(49) =-3.39 0.0007 0.0420
SCCr-FOI T(49) =-3.35 0.0008 0.0420
NW Cereb Post-FP r T(49) =-3.86 0.0002 0.0266
NW Cereb Post-FP | T(49) =-3.64 0.0003 0.0266

Note: T — Student’s t-test; p (unadjusted) — significance level unadjusted for multiple comparisons; p (FDR) — significance level adjusted for multiple comparisons;

FDR — false discovery rate; other keys are provided in the notes to Fig. 2
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accompanied by brain network alterations. Thus, cognitive
deficit is an important indicator of the neuronal network
rearrangement [4]. The fact, that blood flow through the left
and right carotid arteries is strongly associated with blood
supply of ipsilateral hemisphere, is important. This means
that the decreased blood flow through the left ICA is followed by
impaired cognitive, mainly verbal, functions, and the decreased
blood flow through the right ICA is often asymptomatic and
is seldom related to verbal functions. It is our assessment
that structural impairments in neuronal networks, and
cognitive decline in the context of abnormal hemodynamics
and increased Rl result from the functional decline in various
brain structures due to unequal sensitivity of those to oxygen
deficiency. This occurs for two reasons: because of different
sensitivity of the cortex and subcortical structures to oxygen
deficiency, and because of focal and diffuse lesion in brain
structures, common to CCIl. No MRI-visible foci were found
in the studied sample.

However, brain self-regulation, being the principle of brain
functioning, is preserved, but the functional system is formed
by different neurons. Reorganization of the resting-state
brain networks is observed in patients with stenosis in either
one or both ICA. This is probably due to subtle white matter
integrity disruptions. In general, hemodynamic disorders in
one hemisphere, followed by cognitive impairment, often lead
to changes in brain natworks, affecting both hemispheres
[2, 4]. That is perfectly understandable, since both hemispheres
are involved in realization of any cognitive function, however,
parts, played by the right and the left hemisphere, may vary
considerably. That is why interhemispheric communication
assumes particular importance, which has been confirmed by
our findings. This fact has been noted in some other papers.
In particular, it has been shown, that reduced default mode
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It was found that ischemic stroke (IS) results in decreased levels of a number of reduced forms of low molecular weight aminothiols (LMWTs). The study was aimed to
assess the impact of type 2 diabetes mellitus (T2D) on the total content, reduced forms and redox status of LMWTs in patients with IS. A total of 175 patients with IS
in the internal carotid artery basin (the average age was 62 (55-69)) years) were assessed, who were admitted to the Center within the first 10-24 h since the onset
of neurological disorder. The index group included 68 patients with IS and T2D (males made up 41.2%). The comparison group consisted of 107 patients with IS and
stress hyperglycemia (males made up 57%), and the control group included 31 non-diabetic patients with chronic cerebrovascular disease (CCVD) (males made up
54.8%). The admission plasma levels of LMWTs were assessed by liquid chromatography in all patients. It was found, that IS in patients with T2D was associated with
the rapid decrease in total cysteine (tCys), total glutathione (tGSH), total homocysteine (tHcy), reduced glutathione (fGSH), and glutathione redox status (GSH RS),
along with the increase in cysteine redox status (Cys RS) and homocysteine redox status (Hcy RS). In contrast to patients with stress hyperglycemia developing during
the acute period of IS, patients with T2D had lower tCys, tGSH, and tHey levels. Thus, GSH RS of 4.06% or lower in the first 24 hours after the IS in patients with T2D
was a predictor of poor functional outcome (MRS score was 3 or more 3 weeks after 1S).
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HN3KOMOJIEKYNAPHBIE AMUHOTWOJbI B MJIASME KPOBU MNP NLLEMYECKOM UHCYIbLTE
B COYETAHUN C CAXAPHbIM ANABETOM 2-I'0 TUMA
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YCTaHOBAEHO, YTO MLEMUYECKMA NHCYNLT (VIV) MPUBOAUT K CHKEHWIO psifa BOCCTAHOBAEHHbIX (DOPM HU3KOMONEKYNAPHbIX amuHoTronos (HMAT). Liensto
nceneaoBaHns GbINo OLEHUTL BAMSIHME caxapHoro avabeta 2-ro Tvna (T2C[) Ha obllee coaepykaHmne, BOCCTaHOBNEHHbIE (hopMbl U pefoke ctatyc HMAT y
nauveHToB ¢ VN, O6cnenoBarbl 175 naumeHToB ¢ VIV B 6acceliHe BHYTPEHHMX COHHbIX apTepuin (CpeaHuii BospacT 62 (55-69)) roga, MocTynvBLIME B LEHTP
B nepsble 10-24 4 C MOMEHTa BO3HVKHOBEHWSI HEBPOJIOMMHYECKMX HapyLLEHn. B 0CHOBHYtO rpynny Bowwm 68 nauveHTos (41,2% myx4dunH) ¢ W v T2C[.
Mpynny cpaBHeHust cocTtaBuam 107 naumeHToB (57% Myxx4nH) ¢ A n cTpeccoBoi rvneprimkemuen, KOHTPoMbHyto rpynny — 31 naumeHT (54,8% My»4uH) C
XPOHMHecKo LiepebpoBackynspHor natonorven (LIBIM) 6e3 CL. Bo Bcex cnyyasix nauueHTam npy nocTynieHnmn nposoaunm ncenegosaHne HMAT B nnasme kposu
METOLOM XMAKOCTHOW XpomaTorpadun. YctaHoBneHo, 4to VI y naumerTos ¢ T2C[ accoummpyeTcst C PE3KUM CHIDKEHEM YPOBHEN 00LLero unctenHa (oLlnc),
obuero rnyTaTtvoHa (olTH), obLero romoumcTerHa (olunc), BOCCTaHOBAEHHOIO ryTaTnoHa (BITH), penokc-ctaryca riytatvona (PC I1H), a Takke NoBbIlLEeHeM
penokc-cTtatyca unctenHa (PC Linc) n pepokc-ctartyca romoumctenHa (PC Hey Munc). Y nauvenTtos ¢ T2C, B 0Tm4me OT NauUmMeHTOB C pas3BUTEM CTPECCOBOW
rMneprivkemMmn B 0CTpoM nepuoge VM, otmedeHbl 6onee Hnskre nokasarenn olyc, ofnH v ofumc. Takum o6pasom, yposeHb PC ITH, coctasnstowmin 4,06% n
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Stroke is a major cause of morbidity, disability and mortality
in the populations of many countries. Type 2 diabetes mellitus
(T2D) increases the risk of ischemic stroke (IS) by 2-2.5 times,
and the risk of death from stroke by 3times [1, 2]. Hyperglycemia
during the first hours of stroke could be the body's stress
response to brain ischemia [3]. Severity of neurohormonal and
metabolic disorder reflects the IS severity and contributes to
the outcome of the disease [4].

High prevalence of the internal carotid artery (ICA)
atherosclerosis in patients with T2D compared to non-diabetic
patients has been reported. That is why atherothrombotic
stroke is the most common IS pathogenetic subtype in
individuals with T2D [5].

Oxidative stress is one of the key factors involved in the
pathogenesis of IS. Accumulation of free radical oxidation
products results in the enzyme SH group blockage and
inactivation, DNA hydroxylation, DNA fragmentation, and the
resulting destabilization of cell membranes [6, 7].

Low molecular weight aminothiols (LMWTs) are highly
sensitive to oxidative stress. Oxidized forms of LMWTs
predominate in blood plasma; redox status (RS) is the ratio
between the reduced forms and the total content of each thiol.
Experimental studies and clinical trials report the decrease
in the levels of reduced forms during the acute period of IS,
which could indicate activation of oxidative processes in case
of insufficient antioxidant defence [8, 9].

Both the increase in total homocysteine content (tHcy) and
the decrease in the total glutathione content (tGSH) in females
were revealed in patients with T2D [10]. Other papers report the
decreased glutathione redox status (GSH RS) in blood plasma
[11] and whole blood [12] of patients with T2D. Negative
correlation between hyperglycemia and plasma tGSH levels
was observed in individuals with coronary artery disease (CAD)
(r = -0.328; p = 0.011), furthermore, it was shown that T2D
was a factor, having an additional negative effect on the tGSH
levels [13]. Perhaps low plasma tGSH levels are associated
with the increased activity of y-glutamylcysteine transferase in
hyperglycemia [10]. The decreased GSH synthesis along with
the possible increase in GSH consumption in red blood cells of
patients with T2D were also reported [14].

The study was aimed to assess the impact of T2D on the
total content (), reduced forms (r) and RS of plasma LMWTs
in patients with IS.

METHODS

The study included 175 patients with IS in the ICA basin (89
males and 86 females aged 46-84 (the average age was 62
(65-69) years)), admitted to the Research Center of Neurology
(Moscow; Russia) within the first 10-24 h since the onset of the
neurological disorder. The index group consisted of 68 patients
with IS and T2D (males made up 41.2%). The comparison
group included 107 patients with IS and stress hyperglycemia
(males made up 57%), and the control group consisted of 31
non-diabetic patients with chronic cerebrovascular disease
(CCVD) (males made up 54.8%, the average age was 69 (60—
75) years).

Inclusion criteria: age 45-85 years; the first IS; admission
within the first 6-24 h since the onset of neurological symptoms;
cerebral infarction in the ICA basin confirmed by neuroimaging
data; T2D or stress hyperglycemia on admission; submitted
informed consent to participation in the research study.

Exclusion criteria: T1D; acute myocardial infarction;
decompensated kidney disease, liver failure or respiratory
failure; class IlI-V heart failure.
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General medical examination and neurological examination
were performed in all patients.

The neurological impairment severity was assessed
on admission and in the end of the IS acute period using
the National Institutes of Health Stroke Scale (NIHSS) [15].
Neurological impairment was considered mild when NIHSS < 7,
moderate when 7 < NIHSS < 14, and severe stroke when 14
< NIHSS. The activities in daily living and the ability to function
independently were evaluated on admission and on day 21 of
IS using the Bartel Index (BI) [16], and the functional status was
assessed with the use of the modified Rankin scale (mRs). The
ability to perform all the routine tasks and to be engaged in daily
activities corresponded to the mRs score of 0-2 by day 21, and
poor functional outcome corresponded to the score of > 3 [17].

IS was diagnosed based on the clinical features and
magnetic resonance imaging data (Magneton Symphony and
Magneton Avanto, 1.5 T) acquired using standard sequences
(T2, T1, T2-FLAIR, T2%). Cerebral arteries were examined by 3D
TOF MR angiography. Duplex ultasonography of the cerebral
arteries was performed using the Philips iU22 ultrasound
system (Philips; Netherlands).

Pathogenetic subtype of IS was defined in accordance
with the internationally accepted TOAST (Trial of ORG 10172 in
Acute Stroke Treatment) criteria [18].

Fibrinogen assay was carried out with the ACL 9000
coagulation analyzer (Instrumentation Laboratory; USA).

Glucose (hexokinase method), glycated hemoglobin
(HbA1c) (immunoturbidimetric assay), total cholesterol, low-
density lipoprotein, urea, and creatinine levels were assessed
with the Konelab 30i clinical chemistry analyzer (Thermo Fisher
Scientific; Finland) using the reagent kits (Randox; UK).

All patients with IS underwent blood glucose monitoring
on admission. The HbA1c test was performed in patients with
admission blood glucose levels of 6.1 mmol/L or more. The
HbA1c levels reflect the blood glucose levels over the last 3
months. The diagnosis of T2D was established based on the
American Diabetes Association criteria [19].

All patients with IS received backbone therapy, which
included hypotensive, antithrombotic and lipid-lowering
agents. Glucose-lowering therapy was used along with the
blood glucose monitoring.

The content of LMWTs was defined as described previously
[8]. Venous blood was collected into tubes containing sodium
citrate (0.38%) and centrifuged at 3,000 g for 3 min. Blood
plasma for assessment of total LMWTs was collected and
stored at —20 °C. For derivatization, 100 pL of blood plasma
were added to 10 pyL of 50 mM dithioteritol and 10 pL of
the internal standard (0.45 mM penicillamine). Dithiothreitol
and penicillamine solutions contained 10 MM Na-EDTA. The
mixture was incubated at 37 °C for 15 min. Subsequently, the
5,5'-dithiobisnitrobenzoic acid (600 uL, 20 mM) dissolved in
ethanol was added, and the mixture was incubated at 4 °C for
30 min. After centrifugation at 15 000 g for 5 min, supernatant
was dried under a vacuum at 60 °C for 2 h. The pellet was
resuspended in 30 mM NaOH prior to analysis.

To define the levels of the LMWTs reduced forms, plasma
(100 pL) was added to 25 pL of the 5-sulfosalicylic acid solution
(230 g/L) immediately after plasma collection, frozen and and
stored at =80 °C. The samples were centrifuged at 15,000 g for
5 min prior to derivatization. Subsequently, 40 L of supernatant
were mixed with 40 pL of 20 mM 5,5'-dithiobisnitrobenzoic acid
and 2.5 pM penicillamine in 0.4 M sodium phosphate buffer (pH
8.0). Then 10 pL of 1 M NaOH were added, the solution was
mixed for 5 s, and subsequently 12.5 pL of 1 M HCI with 20
mM N-ethylmaleimide were added to quench the reaction.
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Analysis was performed using the Waters ACQUITY UPLC
system (Waters, Milford; USA), equipped with the photodiode
array (APDA) UV detector (absorbance 330 nm; resolution 10.8
nm; frequency 5 s-1) and the Poroshell 120 SBC18 column
(2.8 pm, 150 pm x 2 mm) (Agilent; USA). The temperature of
the column and samples of 50 and 10 °C, respectively, was
maintained. The volume of the sample injection was 10 L,
and the flow rate was 0.2 mL/min. Eluent A: 0.1 M ammonium
acetate with 0.12% (v/v) HCOOH; eluent B: acetonitrile.
Chromatography involved gradient elution using a linear
gradient of solvent B of 2.5-10% for 5 min. Regeneration was
performed with the use of 70% B for 1.5 min, and equilibration
was carried out using 2.5% B for 4 min.

Statistical data processing was performed with the IBM
SPSS Statistics  Version 20.0 software package (IBM Corp.;
USA). The Descriptive Statistics module was used to obtain
the discriminative model. The quantitative characteristics
were presented as median, 25th and 75th percentiles (Me
(Q,-Q,%)), qualitative data were presented as absolute
frequencies and percentage. The Kruskal-Wallis test and
Mann-Whitney U test were used to compare the groups
based on their quantitative characteristics. The logistic
regression procedures were used to identify the prognostic
factors. The variables were selected by conditional inclusion.
The quality of the logistic regression model was assessed by
ROC analysis and calculation of statistical characteristics of
the tests (sensitivity, specificity). To evaluate the predictive
power of the model, the Area Under Curve (AUC) was
assessed. To define the optimal cutoff value, the importance
of maintaining the sensitivity-specificity balance was taken
into account. The two-tailed critical p-value, used in all
comparisons and tests, was set at 0.05.

Table 1. Characteristics of patients with IS and chronic cerebrovascular disease

RESULTS

The main characteristics of patients with IS and CCVD are
presented in Table 1. The groups of patients showed no
differences in age, gender, and indicators of lipid and protein
metabolism. The patients with IS had been constantly taking
antihypertensive drugs in 46 cases (26.3%), antiplatelet drugs
in 22 cases (12.6%), anticoagulants in 11 cases (6.3%), and
statins in 8 cases (4.6%) before being included in the study.
The group with CCVD received no preventive therapy before
inclusion in the study.

Stroke, caused by the ICA atherothrombosis, was diagnosed
in 35 cases (20%), cardioembolic stroke was diagnosed in 50
cases (28.6%), and lacunar stroke due to small-artery disease
was diagnosed in 90 cases (51.4%).

In patients with atherothrombotic stroke, the developing
step-by-step neurological deficits and the occurrence of
single large infarctions affecting the cortical and subcortical
regions outside the neighboring vascular territories were
observed.

The heart-related causes of the cerebral artery thrombosis
were as follows: embologenic forms of CAD (paroxysmal
atrial fibrillation in 29 cases (58%), permanent atrial fibrillation
in 17 cases (34%), postinfarction cardiosclerosis in 4 cases
(8%)). In 34 patients, atrial fibrillation was diagnosed for the
first time during the acute period of IS. Sudden emergence of
persistent neurological symptoms was a clinical feature typical
for cardioembolic stroke. Based on the MRI data, the cortical
and subcortical infarctions were localized mostly in the middle
cerebral artery basin.

IS, resulting from the hypertensive, small, deep cerebral
infarctions, was characterised by the gradually increasing

Parameter Patients with IS (n = 175) Non-diabetic patients with CCVD (n = 31) p
Age, years; Me (Q,-Q,) 62 (55-69) 63 (58-69) 0.583
Gender (males/females) (%) 89/86 (50.9/49.1) 17/14 (54.8/45.2) 0.702
IS subtype:
Atherothrombotic stroke (ATS), n (%) 35 (20.0%)
Cardioembolic stroke (CES), n (%) 50 (28.6%)
Lacunar stroke (LS), n (%) 90 (51.4%)
Stroke severity on admission:
NIHSS < 7 (mild)/ 92 (52.6%)
7 < NIHSS < 14 (moderate)/ 67 (38.3%)
14 < NIHSS (severe) 16 (9.1%)
NIHSS on admission; Me (Q,-Q,) 6 (3-11)
NIHSS on day 21; Me (Q,-Q,) 3 (2-7)
mRs on admission; Me (Q,-Q,) 3 (2-4)
mRs on day 21; Me (Q,-Q,) 2 (1-3)
Bartel Index on admission; Me (Q,-Q,) 70 (20-90)
Bartel Index on day 21; Me (Q,-Q,) 85 (60-98)
Good recovery (mRs 0-1), n (%) 79 (45.1%)
Glucose, mmol/L (on admission); Me (Q,-Q,) 6.50 (6.22-7.72) 5.6 (5.3-6.0) < 0.0001
Total cholesterol, mmol/L (on admission); Me (Q,-Q,) 5.9 (5.0-6.9) 5.9 (4.9-6.6) 0.277
LDL cholesterol, mmol/L (on admission); Me (Q,-Q,) 2.33 (1.80-2.97) 2.2 (1.4-3.0) 0.433
Creatinine, ymol/L 91.0 (79.0-1083.0) 86.0 (75.0-97.0) 0.059
Urea, mmol/L (on admission); Me (Q,-Q,) 6.5 (5.9-6.9) 6.2 (5.6-6.8) 0.841
Fibrinogen, g/L (on admission); Me (Q,-Q,) 3,40 (2,90-4,13) 3,58 (2,97-4,06) 0,119
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Table 2. Comparative analysis of the low molecular weight aminothiols plasma levels (M) and redox status (%) in patients with IS and controls (Mann-Whitney U test)

Indicator Patients with IS (n = 175); Me (Q,-Q,) Non-diabetic patients with CCVD (n = 31); Me (Q,-Q,) p
tCys (M) 332.3 (226.8-375.9) 267.1 (230.4-321.5) 0.72
tGSH (uM) 1.64 (1.02-2.52) 3.09 (2.10-3.66) < 0.0001
tHey (M) 13.54 (8.64-18.93) 13.01 (11.45-15.93) 0.932
rCys (UM) 6.28 (4.98-7.19) 6.32 (5.57-8.36) 0.33
rGSH (uM) 0.038 (0.024-0.058) 0.242 (0.177-0.374) < 0.0001
rHey (UM) 0.16 (0.13-0.23) 0.14 (0.10-0.17) 0.018
Cys RS, % 2.03 (1.64-2.67) 2.49 (1.98-2.97) 0.066
GSH RS, % 2.04 (1.51-3.47) 8.36 (6.68-15.96) < 0.0001
Hcy RS, % 1.18 (0.90-1.91) 1.09 (0.83-1.33) 0.041

intensity of neurological deficits in the form of lacunar
syndromes. Small, deep cerebral infarctions were localized
in the basal ganglia, white matter of cerebral hemispheres,
and internal capsule. Stage Ill hypertension was found in 71
patients (78.9%) with lacunar stroke, and stage Il hypertension
was observed in 19 patients (21.1%).

The baseline IS severity assessment made it possible to
reveal mild neurological impairment (NIHSS < 7) in 92 cases
(562.6%), moderate neurological impairment (7 < NIHSS < 14)
in 67 cases (38.3%), and severe neurological impairment
(14 < NIHSS) in 16 cases (9.1%) (see Table 1).

The admission blood glucose level in patients with IS was
6.50 (6.22-7.72) mmol/L.

Analysis of LMWTs showed that the tGSH, rGSH, and GSH
RS levels in the group with IS were significantly decreased

(p < 0.0001), and the rHcy and Hey RS values were significantly
increased (p = 0,018 and p = 0.041) compared to the group
with CCVD (Table 2).

Analysis of the total sample revealed higher rHcy values in
males with RS compared to females (0.17 (0.14-0.24) uM vs.
0.15 (0.12-0.21) uM; p = 0.026).

In the group of IS patients enrolled, T2D was diagnosed
in 68 cases, and stress hyperglycemia was diagnosed in 107
cases (Table 3). The duration of T2D of less than 5 years was
observed in 22 patients (32.4%), and the disease duration
exceeding 5 years was observed in 46 patients (67.6%). In
the group of patients with a combination of IS and T2D, the
HbA1c level was 7.8% (6.8-9.6). The levels of less than 6.5%
were defined in 107 patients (61.1%), the levels of 6.5-6.9%
were found in 32 patients (18.3%), 20 patients (11.4%) had the

Table 3. Characteristics of patients with a combination of IS and T2D, and patients with a combination of IS and stress hyperglycemia (Mann-Whitney U test)

Parameter Patients with a combination of IS and T2D | Patients with IS and stress hyperglycemia o
(n=68) (n=107)

Age, years; Me (Q,-Q,) 68 (55-75) 62 (54-67) 0.046
Gender (males/females) (%) 28/40 (41.2/58.8) 61/46 (57.0/43.0) 0.045
IS subtype:
Atherothrombotic stroke (ATS), n (%) 4 (5.9%) 31 (29.0%) < 0.0001
Cardioembolic stroke (CES), n (%) 34 (50.0%) 16 (15,0%) < 0.0001
Lacunar stroke (LS), n (%) 30 (44,1%) 60 (56.1%) 0.162
Stroke severity on admission:
NIHSS < 7 (mild)/ 32 (47.1%) 60 (56.1%) 0.278
7 < NIHSS < 14 (moderate)/ 30 (44.1%) 37 (34.6%) 0.264
14 < NIHSS (severe) 6 (8.8%) 10 (9.3%) 1.000
NIHSS on admission; Me (Q,-Q,) 7 (4-11) 6 (3-10) 0.238
NIHSS on day 21; Me (Q,-Q,) 3(2-8) 3 (2-7) 0.390
mRs on admission; Me (Q,-Q,) 70 (28-81) 70 (20-90) 0.790
mRs on day 21; Me (Q,-Q,) 85 (60-100) 85 (60-95) 0.957
Bartel Index on admission; Me (Q,-Q,) 3(2-4) 3 (2-4) 0.922
Bartel Index on day 21; Me (Q,-Q,) 2 (1-3) 2 (1-3) 0.762
Good recovery (mRs 0-1), n (%); Me (Q,-Q,) 30 (44.1%) 49 (45.8%) 0.877
Duration of T2D, years; Me (Q,-Q,) 7 (5-10) -
Glucose, mmol/L (on admission); Me (Q,-Q,) 6.50 (6.18-8.11) 6.40 (6.16-7.08) 0.083
HbA1c, %; Me (Q,-Q,) 7.8 (6.8-9.6) 5.5(5.4-5.8) < 0.0001
Total cholesterol, mmol/L (on admission); 5.50 (5.00-6.63) 6.00 (5.00-7.00) 0.353
Me (Q,-Q,)
,'\'AZL(S?:’C')’THO'* mmol/L. (on admission); 2.33 (2.16-2.94) 2.27 (1.72-2.98) 0.432
Creatinine, pmol/L (on admission); Me (Q,-Q,) 94.0 (80.0-107.0) 88.0 (78.0-100.0) 0.075
Urea, mmol/L (on admission); Me (Q,-Q,) 6.40 (5.25-6.93) 6.60 (6.10-6.90) 0.233
Fibrinogen, g/L (on admission); Me (Q,-Q,) 3.61 (3.05-4.11) 3.39 (2.83-4.13) 0.267
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Table 4. Comparison of the low molecular weight aminothiols plasma levels (uM) and redox status (%) in patients with a combination of IS and T2D, and in patients

with a combination of IS and stress hyperglycemia (Mann-Whitney U test)

Indicator Patients with IS and T2D (n = 68); Me (Q,-Q,) Patients with IS and stress hyperglycemia (n = 107); Me (Q,-Q,) P
tCys (M) 135.6 (126.7-150.5) 342.6 (307.0-390.0) < 0.0001
tGSH (uM) 0.84 (0.55-1.1) 2.13 (1.32-2.71) < 0.0001
tHey (M) 5.48 (4.75-6.5) 15.24 (12.97-20.61) < 0.0001
rCys (UM) 6.57 (4.44-7.72) 6.24 (5.03-7.14) 0.904
rGSH (uM) 0.038 (0.017-0.051) 0.036 (0.025-0.06) 0.223
rHey (UM) 0.15(0.12-0.19) 0.17 (0.13-0.24) 0.099
Cys RS, % 4.53 (2.85-5.69) 1.87 (1.46-2.27) < 0.0001
GSH RS, % 4.47 (2.09-6.02) 1.96 (1.45-2.74) < 0.0001
Hcy RS, % 2.61(1.47-3.35) 1.08 (0.84-1.42) <0.0001

HbA1c levels of 7-7.9%, and the levels exceeding 8% were
found in 16 patients (9.2%).

Stroke, resulting from cerebral artery thrombosis with a
cardiac source of embolism, was more common in patients
with T2D (p < 0.0001), and atherothrombotic stroke was more
common in patients with stress hyperglycemia (o < 0.0001).
No intergroup differences in the prevalence of lacunar stroke
were found (p = 0.162). The examined groups of patients were
comparable in the neurological impairment severity and their
functional status during the acute period of stroke (see Table 3).

In the group of patients with a combination of IS and T2D,
the significantly decreased tCys, tGSH, and tHcy levels were
observed compared to the group of patients with IS and stress
hyperglycemia (p < 0.0001). However, there were no significant
differences in the rCys, rGSH, and rHcy levels between
the groups of patients with T2D and stress hyperglycemia.
Probably, this entails higher Cys RS, GSH RS, and Hcy RS
values in the group of patients with IS and T2D (p < 0.0001)
(Table 4).

No significant correlations between the blood glucose
levels and the levels of LMWTs were revealed both in the total
group of patients with IS and in the distinct groups of patients
(T2D and stress hyperglycemia).

When the patients with a combination of IS and T2D were
divided based on the degree of functional recovery by day 21,
analysis of LMWTs showed that in the group of patients with
slight limitations in performing the activities of daily living (mRS
score 0-2), the Cys RS and GSH RS were significantly higher
compared to patients with severe functional limitations (Cys
RS 5.26 vs. 3.51 uM, p = 0.043; GSH RS 4.92 vs. 2.79 uM,
p =0.018) (Table 5).

The logistic regression procedures were used to identify
the markers of poor outcome (MRS = 3) in patients with a
combination of IS and T2D. The predictive value of GSH RS

is presented in Fig. 1. ROC analysis of 68 patients with IS in
the ICA basin and T2D showed that the threshold level GSH
RS < 4.06% during the first 24 h of IS is a predictor of poor IS
outcome (MRS = 3, 21 days after IS). Sensitivity of the model
was 63.6%, specificity was 69.6%, and AUC was 0.74 + 0.09,
which corresponds to the good quality in predicting the
functional recovery in patients with IS.

DISCUSSION

Chronic hyperglycemia, associated with T2D, is considered one
of the risk factors for IS. Glucose is a chemical compound, which
actively interacts with proteins and lipids, forming the advanced
glycation end products [20, 21]. Hyperglycemia, chronic
oxidative stress, and mitochondrial dysfunction, associated with
T2D, result in endothelial dysfunction, impaired angiogenesis,
activation of hemostasis, and the increased blood-brain barrier
permeability [22]. Hyperglycemia enhances oxidative processes
by lowering the levels of vitamins E, C, and other antioxidants
(uric acid) [11], it is also an additional factor that stimulates and
facilitates the reactive oxygen species formation [23].

Chronic hyperglycemia is defined based on the degree of
glucose binding to hemoglobin, and the percentage of HbA1c.
The higher the level of HbA1, the higher blood glucose levels
were observed in the patient during the last 3 months. The
normal levels do not exceed 6.5%. The increase in HbA1c by
1% increases the risk of stroke by 17% [24]. In our study, the
duration of T2D was 7 years, and the level of HoA1c was 7.8 %.

In individuals with IS, the effects of hyperglycemia on the
brain are mediated by both impaired cerebral microcirculation,
and the toxic effects on brain tissue. Lactate accumulation, free
radical formation, development of cytotoxic cerebral edema,
and abnormal blood-brain barrier permeability are attributed to
hyperglycemia [25, 26].

Table 5. Low molecular weight aminothiols plasma levels (uM) and redox status (%) in patients with a combination of IS and T2D taking into account the functional

recovery (Mann-Whitney U test)

Indicator Patients with IS and T2D (mRS 0-2 Patients with IS and T2D (mRS 3 or p
on day 21). n=28; Me (Q,-Q,) more on day 21); n = 40; Me (Q,-Q,)
tCys (M) 132.8 (125.7-140.0) 139.2 (132.2-57) 0.09
tGSH (uM) 0.85 (0.74-1.02) 0.61 (0.35-1.16) 0.416
tHey (M) 5.87 (4.78-6.38) 5.33 (4.53-7.01) 0.823
rCys (UM) 6.57 (4.18-8.53) 6.55 (4.72-7.72) 0.959
rGSH (uM) 0.042 (0.02-0.053) 0.026 (0.014-0.042) 0.129
rHey (UM) 0.15(0.12-0.17) 0.15(0.12-0.23) 1,000
Cys RS, % 5.26 (3.20-6.10) 3.51 (2.06-5.04) 0.043
GSH RS, % 4.92 (3.40-6.43) 2.79 (1.97-4.63) 0.018
Hcy RS, % 2.7 (1.97-3.57) 2.17 (1.13-3.18) 0.158
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Fig. ROC curve for poor functional outcome (MRS > 3) in patients with a combination of IS and T2D when assessing the glutathione redox status

Hyperglycemia in individuals with T2D and IS results in
depletion of the antioxidant system and disorders of all types
of tissue metabolism. The thiol/disulfide ratio (SH/SS) is the
indicator of cellular and tissue redox homeostasis, as well as of
the blood plasma antioxidant capacity [11, 27].

Glutathione is an endogenous thiol tripeptide, composed
of cysteine, glutamic acid, and glycine. It is being synthesized
continuously, but at a relatively low rate [28]. Glutathione is
also a factor involved in regulation of glucose metabolism in
patients with cardiovascular disorders [13]. Polymorphism
of glutathione S-transferase, the enzyme, involved in the
glutathione-mediated detoxification of xenobiotics, contributes
to the early cardiovascular complications of diabetes mellitus [29].

In individuals with acute oxidative stress, the total content
of glutathione (GSH) is decreased, and the levels of oxidized
glutathione (GSSG) are increased, which results in the
accelerated GSH/GSSG cycle [27].

Hyperglycemia during the acute period of IS is associated
with poor functional outcome [4], however, the efficacy of
insulin-based glucose lowering therapy and its effects on the
severity and outcome of stroke have not been proven [1].

The findings show that T2D in patients with IS is associated
with the rapid decrease in plasma tCys, tGSH, tHcy, rGSH, and
GSH RS, along with the increase in Cys RS and Hcy RS.

Perhaps the chronic oxidative stress results in depletion
of LMWTs in blood plasma. Irreversible disposal of GSH may
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EFFECTS OF VIRTUAL REALITY EXERGAME ON PSYCHOPHYSIOLOGICAL AND POSTURAL DISORDERS
IN ELDERLY PATIENTS

Khizhnikova AE B9, Klochkov AS, Fuks AA, Kotov-Smolenskiy AM, Suponeva NA, Piradov MA
Research Center of Neurology, Moscow, Russia

Balance impairment at advanced age is a serious medical problem that often has significant implications and affects the quality of the patient’s life. Among the
underlying causes are overall slowness of motor response and vestibular syndrome. Virtual reality exergames, including reaction and balance training, hold promise
for managing balance dysfunction. The aim of this study was to investigate the effects of a combination rehabilitation program containing elements of virtual reality
exergame on the postural and psychophysiological parameters of elderly patients with small vascular disease The study was conducted in 24 patients with small
vascular disease (median age: 66 years). All patients underwent a virtual reality rehabilitation program. Psychophysiological, postural and clinical evaluations were
performed at baseline and after the program was completed. Balance function measured on the Berg scale improved significantly and was 53 [52; 55] after the
training program vs 50 [45; 54] at baseline (p < 0.05). The strategy of balance control also changed: the Romberg ratio was 266 [199.5; 478.5] before rehabilitation
and 221 [149.25; 404] after the program was completed (p < 0.05). The most pronounced changes in the measured psychophysiological parameters occurred in
the simple audiomotor reaction, which improved from 210 [174.25; 245.5] at baseline to 180.5 [170.5; 208] after rehabilitation (p < 0.05). Thus, the combination
balance and reaction virtual reality training is an effective rehabilitation method for advanced-age patients with balance impairment.

Keywords: neurorehabilitation, virtual reality, balance impairment, reaction time
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BJIMSIHWE TPEHUPOBOK B BUPTYAJIbHOW PEAJTIbHOCTU HA NMCUXO®U3NONIOMMYECKUE
N NOCTYPAJIbHBIE HAPYLLIEHUA Y MOXXWUJbIX

A. E. XuxHnkosa ™, A. C. Knoukos, A. A. dykc, A. M. Kotos-Cmonerckuin, H. A. Cynoxesa, M. A. MNMupanos

Hay4HbIn LeHTp HeBponormmn, Mockea, Poccus

HapyLueHne paBHOBeCKS B MOXWIOM BO3pacTe ABMSETCS OCTPOW MPOOGAEMON B COBPEMEHHOW MeOVLMHE M H4acTO MPUBOOUT K CEPbe3HbIM MOCNEACTBUAM,
CHXAIOLLIMM Ka4eCTBO KN3HM. K OCHOBHBIM MPUYHAM Takoro HapyLLEHWS OTHOCST 3aMeAJieHne CKOPOCTY peakLUm 1 BECTUOYNO-aTakKTUHeCKUIA CUHAPOM. [Ans
KOPPEKLMM HapyLIEHWIA paBHOBECUS Y AaHHOW KaTeropuin 60/bHbIX HaMbONbLUMIA MHTEPEC NPeACTaBNAET TEXHONOMMSt BUPTYaslbHOW peanbHOCTM, B YaCTHOCTH C
KOMOVHMPOBaHHON TPEHMPOBKOM CKOPOCTYM peakLmm 1 paBHoBecus. Lienbto nccnenoBanuist Ob110 N3y4mTb BAMSHUE KOMOVHNPOBAHHbIX TREHMPOBOK B BUPTYaNlbHOM
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Motor and balance dysfunction is the primary cause of
increased risk for falling at advanced age. More than one-third
of elderly people over 60 years have a gait disturbance. At
60-69 years, the prevalence of gait disorders is about 10.7%,
increasing to 61.7% in 80-year-old patients. Gait disturbances
are rooted in neurological causes in 75% of cases [1]. Among
the leading causes of motor dysfunction are sensory ataxia,
parkinsonism, brain damage, and cerebrovascular diseases
such as Small vessel disease [2]. The latter usually manifests
as gait disturbance (in up to 85% of patients with stage 2 small
vascular disease), pyramidal disorders, akinetic rigid syndrome,
loss of coordination, including declining ability to maintain
balance, etc. [3].

The slowness of postural response to external stimuli is one
of the factors affecting balance at advancing age. It is difficult

for elderly patients to adequately cope with an unexpected
balance disturbance; they typically respond with increased
muscle coactivation and joint stiffening, which cannot ensure
effective amortization [4]. In another study, elderly patients
demonstrated a slow motor response when asked to lift a
foot following a visual cue, and often shifted their body weight
erroneously in preparation for a step. The difference in reaction
times between the groups waned when the preparation stage
was excluded from the analysis. Thus, a slow motor response
may be associated not only with overall slowness but also with
incorrect preparation to movement [5]. Apart from longer reaction
time, postural stability is affected by slow braking. In an experiment
involving a series of forward and backward movements,
elderly participants demonstrated a higher forward velocity
(2™ movement) to compensate for overall motor slowness. Besides,
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their strategy of movement control was different from that of the
young participants, and the braking process took longer. The
authors concluded that attempts to adapt to overall motor
slowness may lead to increased postural instability [6].

The risk of falls can be prevented or reduced through
rehabilitation programs. Over the past two decades, a
variety of high-tech methods have been introduced into
routine rehabilitation. A substantial body of evidence has
been accumulated confirming the effectiveness of robotic
technologies, exoskeletons, brain-computer interfaces, non-
invasive methods for brain stimulation, etc. [7-12]. In the
age of technological abundance, a personalized approach to
rehabilitation and the search for predictors of effectiveness of
the applied technology and rehabilitation as such are becoming
increasingly important [13]. In this light, it would be useful to
identify methods for determining the effectiveness of the chosen
rehabilitation approach for an individual patient. The aim of this
study was to evaluate effects of the integrated rehabilitation
program for better balance and faster motor response on
postural and psychophysiological parameters.

METHODS

The study was conducted in 24 patients with small vascular
disease (5 men and 19 women). The median age was 66 years
61; 72).

The following inclusion criteria were applied: patients of
both sexes aged 60 to 70 years with Small vessel disease.
Exclusion criteria: severe visual impairment preventing the
patients from discriminating images on the screen; severe
cognitive impairment preventing the patients from following
the instructions; Montreal Cognitive Assessment (MoCA) score
< 20 points; severe sensory or motor aphasia; co-morbidities
causing static and dynamic balance impairments.

The patients underwent rehabilitation on a virtual reality
Rehabunculus system (Intelligence and Innovations; Russia)
fitted with a non-contact Kinect sensor (Microsoft; USA).

The rehabilitation course lasted for 10 days and comprised
5 30-min-long sessions per week. Exercises included in the
course aimed at training static and dynamic balance function
and the speed of motor reaction (Darts, Stepping over the
board with the left and right legs, Dodging the ball by bending
sideways, Dodging the ball by stepping sideways, Football for
the left and right legs, Barley-Brick [14].

Psychophysiological parameters were evaluated using a
Psychophysiologist UPFT-1/30 device (Medicom MTD; Russia).

Evaluation was based on the following battery of tests:

1. A simple visuomotor reaction test (SVMR). The patient was
tasked to press Yes or No in response to a visual cue (a flashing
LED indicator on the handheld console) as quickly as possible
using their dominant hand.

2. A complex visuomotor reaction test (CVMR). The
patient was tasked to press Yes (green light) or No (red light)
in response to a visual cue as quickly as possible using their
dominant hand.

3. A simple visuomotor reaction to the movement of the
pointer indicator (SVMR -IM). The patient was tasked to press
Yes or No as quickly as possible in response to the onset of
pointer indicator movement on the “dial face”.

4. A simple audiomotor reaction test (SAMR). Headphones
were not worn during the test; the patient was tasked to press
Yes or No as quickly as possible in response to a loud audio
stimulus emitted from the console.
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5. A complex visuomotor reaction to a combination of
colors (CYMR-CC). The patient was tasked to press Yes or No
as quickly as possible in response to a certain combination of
3 flashing light stimuli (green leftmost light, red rightmost light).

6. A functional activity of nervous processes test (FMNP).
The patient was tasked to press Yes or No as quickly as
possible in response to a rapidly flashing light (red light — yes,
green light or skipped yellow light — no).

7. A reaction to a moving object test (RMO). The patient
was tasked to press Yes or No with their dominant hand to
stop the pointer indicator before it reached the target position
(indicated by the flashing light).

The total duration of psychophysiological testing was 30
min. Prior to each test, the patients received the instructions
and verbally confirmed that the instructions were understood.
The patients put their fingers in a comfortable position above
the console. The stimuli were delivered at different time intervals
to exclude the possibility of adjusting.

Static and dynamic balance at baseline and after the
rehabilitation course was measured using a Stabilan-01-2
system (RITM OKB; Russia) and the Berg balance scale [15].

The obtained data were processed in Statistica v. 7.0
(StatSoft; USA) using the Mann-Whitney U test for independent
samples, Wilcoxon test for dependent samples, and
Spearman’s correlation coefficient. The results are presented
below as medians and lower and upper quartiles (25%, 75%).
Differences were considered significant at p < 0.05.

RESULTS

Effects of virtual reality training on balance function
in elderly patients

The median Berg score was 50 [45; 54] points at baseline,
increasing by 3 (p < 0.05) points after the rehabilitation course
and thus reaching 53 [52; 55] points. The baseline Berg score
was negatively correlated with the Berg score after rehabilitation
(the correlation coefficient was 0.823 at p = 0.000005).

Body sway was analyzed using standard parameters listed
in Table 1.

After the rehabilitation course, the Romberg ratio
(KoefRomb) was significantly lower (p < 0.05) than at baseline
(Fig. 1); there was a significant increase in the LFS_c value
(length to area ratio in the eyes-closed test) and the strength of
correlation between COP position in the sagittal plane relative
to the line connecting the lateral and medial malleoli and COP
velocity in the eyes-open test (VFY_o).

The eyes-open test revealed a significant (p < 0.05) increase
(in comparison with baseline values) in the mean COP velocity
(V_o), an increase in the velocity index (IV_o), an increase in the
time-normalized statokinesigram length on the Y axis (LY_0),
a decline in the balance function quality (BFQ_o), an increase
in the normalized vectorgram area (VA_0), an increase in the
mean linear velocity (MLV_o), especially in the sagittal plane
(MLV_o_sag), a trending increase in the COP excursion index
(OD_o; p = 0.055) and in the time-normalized statokinesigram
length on the X axis (LX_o; p = 0.058).

The eyes-closed test revealed a significant (o < 0.05) increase
in the COP excursion index (OD_c), an increase in LFS_c, an
increase in the coefficient of sharp velocity vector directional
change (CSVVDC_c), an increase in the mean angular velocity
(MAV_c), an increase in the mean angular velocity variation
amplitude (MAVVA_c), an increase in the angular velocity
asymmetry coefficient (AVAC_c), and an increase in total
angular displacement (TAD_c).
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Table 1. Romberg and stability tests

Parameter

Definition

Romberg test

Romberg ratio (KoefRomb)

The ratio of the confidence ellipse areas in the eyes-open and eyes-closed tests. This parameter is used to
quantify the extent to which the patient uses their vision for standing balance control

Statokinesigram density (LFS_c)

The ratio of the COP path (the length of the statokinesigram) to its area in the eyes-open test. The parameter
reflects COP excursion per unit area

VFY_o

The correlation between COP position in the sagittal plane relative to the line connecting the lateral and medial
malleoli and COP velocity in the eyes-open test. The parameter describes the distance from the experimental
regression curve between the COP coordinate in the sagittal plane and COP velocity

Mean COP velocity (V_o)

Mean COP velocity during the trial

COP velocity index (IV_o)

This parameter is used to calculate mean COP velocity in the sagittal or frontal planes

Time-normalized length of the
statokinesigram on the Y axis (LY_0)

The total COP sway path in the vertical plane during the trial

Time-normalized length of the
statokinesigram on the X axis (LX_o)

The total COP sway path in the horizontal plane during the trial

Balance function quality (BFQ_o)

This parameter is calculated as the percentage ratio of the area confined by the velocity vector length
distribution function and the constant equaling to the area of the square confined by the X and Y axes, the
horizontal asymptote of the velocity vector length distribution function and the vertical line. The parameter is
used to evaluate how minimal COP velocity is

Vectorgram area (VA_0)

The total area of the vectorgram during signal recording. The higher COP velocity and the sharper velocity
vector turns, the higher VA

Mean linear velocity (MLV_o)

Mean linear velocity during the trial

COP excursion index (OD_o)

The ratio of statokinesigram length to the mean COP excursion range during the trial

Coefficient of sharp velocity vector
directional change (CSVVDC_c)

Percentage of sharp COP velocity vector turns (over 45°) relative to the total number of vectors

Mean angular velocity (MAV_c)

Mean rate of COP velocity directional changes

Mean angular velocity variation amplitude
(MAVWVA_c)

Mean absolute value of angular velocity changes at local peaks

Angular velocity asymmetry coefficient
(AVAC_c)

Average direction of COP velocity vector rotation

Total angular displacement of vectors
(TAD_c)

Total angular displacement of the velocity vector during the trial

Stability test

Total sway zone (SZone)

The area of the squares with sides equaling to the sum of A/P and M/L displacements

Frontal displacement (MO)

COP displacement in the frontal plane

Mean COP displacement radius (R)

Mean radius of COP displacements

Mean COP velocity (V)

Mean COP velocity during the trial

Rate of statokinesigram area change (SV)

Mean rate of statokinesigram area change

COP velocity index (IV)

Mean COP velocity index

Coefficient of displacement asymmetry in
the frontal plane (KAssM(x))

Shows histogram deviation relative to the independent value (the mid-point of the histogram interval which
covers most of the values)

Mean linear velocity (MLV)

Mean linear velocity during the trial

Total angular displacement of vectors

Total angular displacement of the velocity vector during the trial

(TAD_0)

The stability test revealed a significant (p < 0.05) increase
in SZone (Fig. 2), an increase in frontal displacement (MO)
(o < 0.01), an increase in the mean COP displacement radius
(R), an increase in the mean COP velocity (V), an increase in
the rate of statokinesigram area change (SV), an increase in the
velocity index (IV), a reduction in the coefficient of displacement
asymmetry in the frontal plane (KAssM(x)), an increase in the
mean linear velocity (MLV), and an increase in the total angle of
vector displacement (TAD_c).

Effects of virtual reality training on psychophysiological
parameters in elderly patients

The simple visuomotor response test showed a trending
decrease (p = 0.052) in the average reaction time (SVMR_MO)
and a trending reduction (p = 0.061) in the squared deviation

of the reaction time (SVMR_SD). According the statistical
analysis, there was a trending increase (p = 0.069) in the error
rate, which is below referred to as the integrated reliability index
(SVMR_IRI) after the training program.

The complex visuomotor response test revealed a
significant (p < 0.05) increase in sensorimotor performance
(CVMR_CNSAL), quantitative CNS activation index (CVMR_P)
and reaction time mode amplitude representing the percentage
of the shortest reaction times (CVMR_AMODA).

The test of the simple visuomotor reaction to the movement
of the pointer indicator demonstrated a trending increase
(o = 0.053) in the integrated reliability index after the training
course (SVMR-IM _IRI).

Changes were the most pronounced for the simple
audiomotor reaction (p < 0.05): there was an increase in the
integral reliability index (SAMR_ IRI), a reduction in the mean
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Fig. 1. Romberg ratio before (266 [199.5; 478.5]) and after (221 [149.25; 404]) rehabilitation (o < 0.05)

reaction time (SAMR_MO) (Fig. 3) and a reduction in the median
value (SAMR_Me).

The reaction to a moving object test conducted after the
training course demonstrated a significant (o < 0.01) rise in the
number (RMO_NS) and percentage (RMO_PS) of successes
and a reduction in the number (RMO_ND) and percentage
(RMO_PD) of delays (Table 2).

No significant differences were observed between the
results of the tests evaluating the complex visuomotor reaction
to a combination of colors and the functional activity of nervous
processes at baseline and after training.

The correlation analysis showed that the initial number and
percentage of delayed RMO were positively correlated with
changes the angular velocity asymmetry coefficient (r = 0.53;
p < 0.05) and total angular displacement (r = 0.57; p < 0.05)
measured in the Romberg eyes-closed test. This indicates that

24,000

patients with initially slower response to a moving object had
to adjust their COP position to maintain their balance more
frequently and to a greater extent.

Changes in the Berg score were significantly (o < 0.05)
correlated with the baseline integrated reliability index in the
SAMR test (SAMR_IRI), CNS activation level (SAMR_CNSAL),
qguantitative CNS activation index (SAMR_QCNSAI), number
of the classification square (SAMR_CSN), mean SAMR time
(SAMR_MO), quickness of response (SAMR_QR), quickness
of response in relative units (SAMR_QRR), mean squared
deviation of speed (SAMR_MSD), median SAMR time (SAMR_
Me), SAMR time mode (SAMR_Mo), and the longest SAMR
time (SAMR_MaxT) (Table 3).

These correlations may be explained by the fact that the
most pronounced changes on the Berg scale were observed in
patients with the worst baseline balance parameters; according
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Fig. 2. Total sway zone before (9153 [7251.5; 14,805]) and after (16,289 [9006.5; 19,830]) rehabilitation (p < 0.05)
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Fig. 3. Mean SAMR time before (210 [174.25; 245.5]) and after (180.5 [170.5; 208]) rehabilitation (o < 0.05)

to the SAMR test, the initial functional CNS state was also
worse in these patients.

No correlations were established between the changes in
the psychophysiological parameters and sway dynamics in the
Romberg and stability tests.

The change in the Berg score was significantly (o < 0.05)
correlated with the SAMR_IRI value (r = 0.72; p < 0.05),
changes in the mean reaction time (r=-0.73, p < 0.05) and the
SAMR median (r = -0.69; p < 0.05).

DISCUSSION

Based on the dynamics of the Romberg ratio, we conclude
that after the rehabilitation course the patients were guided
less by their vision and more by their proprioception to
maintain balance. This can be explained by the necessity to
use biological feedback in the virtual reality environment, which
required that the patients compared proprioceptive inputs with
the current position of their COP projected on the screen. The
3-D avatar on the screen allowed the patient to use the horizon
in the virtual reality environment as a feedback source and to
improve proprioception.

The increase in statokinesigram density (LFS_c) indicates
a higher density of COP positions within a smaller area,
suggesting an improvement in balance function. The correlation
between COP positions in the sagittal plane relative to the line
connecting the lateral and medial malleoli and COP velocity
(VFY) changed from negative to positive, suggesting a change
in the balance control strategy. The positive values indicate a
reduction in triceps surae muscle tension and a forward COP
displacement, which is a sign of a more physiologically sound
strategy for balance control.

Table 2. Results of the RDO test

The increased values of various velocity parameters in
the Romberg test may be linked to a reduction in rigidity and
adoption of a more robust balance control strategy instead of
a compensatory one. Giving up the compensatory strategy is
essential for gaining the sufficient degree of freedom for COP
movement needed to improve balance. As seen from the
results of the stability test, motor control significantly improved
after the rehabilitation course; the velocity and magnitude of
COP excursions were much greater and easier to achieve after
the course [16, 17].

The higher Berg score after the rehabilitation program
suggests an improvement in the static, dynamic and functional
balance. The patients with the worst balance parameters at
baseline made the greatest progress during the course.

Thus, the proposed 10-day rehabilitation program had
a positive impact on balance function in patients with small
vascular disease, which is consistent with the findings of other
studies [18-20] and corroborates the effectiveness of virtual
reality as a tool for balance training [21].

The applied psychophysiological tests demonstrated
that VR-based rehabilitation led to a reduction in mean
SAMR and SVMR times and an increase in the integrated
reliability index. The latter estimates the percentage of errors
for each response. It is calculated as a mean of the reliability
coefficients (RC1) for each response. No rehabilitation-related
improvement in response times was registered during complex
sensorimotor response tests, but the number of different error
types became lower and the functional state of CNS improved.
Complex sensorimotor reactions studied in the experiment
were represented by recognition and choice behaviors. Not
all of the applied tests revealed statistically significant changes
after the rehabilitation course: changes were not while testing

Parameter Baseline After training p
RMO_NS 7,5[4,75; 9,25] 9 [7,75; 11,25] 0,003
RMO_PS (%) 25 [16; 30,75] 30 [26; 37,75] 0,002
RMO_ND 2[1; 5] 1[0;2] 0,007
RMO_PD 713;17] 31[0;7] 0,005
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Table 3. Correlations of SAMR parameters at baseline with score changes on the Berg scale

Parameter SA'\(/!,Z{)*IRl SAMR_CNSAL SAM(T & SnC)N SAl SAMR_CSN
-0,72323 -0,731143 -0,694082 -0,694082
Changes on the Berg scale
9 9 SAMR_MO SAMR_QR SAMR_QRR SAMR_MSD
(ms) (rel.un.) (ms)
0,659752 -0,731143 -0,731143 0,529675
Changes on the Berg scale SAMR_Me SAMR_Mo SAMR_MaxT
(ms) (ms) (ms)
Changes on the Berg scale 0,662874 0,507568 0,554416

Note: Significance level p < 0.05

the functional activity of nervous processes and the complex
visuomotor reaction to a combination of colors. Perhaps, this
may be due to the fact that these tests were the most difficult
and required involvement of substantial cognitive resources.
Overall, improved reaction time after the rehabilitation program
is consistent with the literature data [22-24]. However, some
researchers report slower reaction times [25] while others do
not detect any effect of training on the quickness of motor
response [26]. To our knowledge, there has been no analysis of
correlations between VR-based rehabilitation and the reliability
of testing, erroneous responses and other similar parameters.
This is probably due to the choice of the device used for
psychophysiological testing.

The patients with the best progress on the Berg scale (i.e.,
those who had worse results at baseline) also demonstrated
a greater improvement in SAMR IRI, mean SAMR speed
and median. This suggests that the VR-based rehabilitation
program is effective in improving both balance and cognitive
functions and demonstrates a predictive value of the SAMR
test. The integrated reliability index and the mean SAMR speed
allow identification of patients with initially worse parameters
who may benefit the most from VR-based rehabilitation.

It is known that balance control depends on the afferent
integration of visual, vestibular and proprioceptive inputs.
Although the auditory system provides the patient with accurate
and precise spatial reference, its auxiliary role in balance
control is not acknowledged [27]. Nevertheless, some authors
hypothesize that the role of auditory stimuli may increase if one
of other involved systems is impaired [28]. The established
correlation between changes in audiomotor response speed
and the dynamics of balance function after rehabilitation may be
linked to the increased role of auditory afferentation associated
with changes in the compensatory strategy.

So far, no reliable predictors of motor recovery have
been identified; however, the SAMR test may be a potential
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ULTRASOUND IMAGING OF VAGUS NERVES IN PATIENTS WITH PARKINSON'S DISEASE
Chechetkin AO B, Moskalenko AN, Fedotova EYu, lllarioshkin SN
Research Center of Neurology, Moscow, Russia

Parkinson’s disease (PD) is a neurodegenerative multisystem disorder characterized by pathologic a-synuclein aggregation affecting, among other things, vagal
fibers. The aim of this study was to investigate the cross-sectional area (CSA) of the vagus nerve (VN) in patients with PD using ultrasound imaging. The study
was conducted in 32 patients with PD (15 men and 17 women; mean age 58 + 10 years) and 32 healthy controls comparable with the main group in terms of sex
and age. All study participants underwent ultrasound examination of the VN using a high-resolution transducer. Left VN CSA was significantly smaller in patients
with PD than in the control group (1.78 + 0.52 mm? vs 2.11 + 0.41 mm?; p = 0.007). A similar result was obtained for right VN CSA at the trend level. ROC analysis
demonstrated that the threshold CSA value of < 2.10 mm? for the left VN has low diagnostic sensivity (59%) for VN atrophy in patients with PD. Right VN CSA was
significantly larger than left VN CSA in both groups (p < 0.001). The analysis of the PD group did not reveal any associations between VN CSA and age, duration
and stage of the disease, motor (UPDRS Ill) and non-motor (NMSQ) scores. Patients with akinetic-rigid form of PD had smaller left VN CSA than patients with the
mixed form of the disease (o < 0.05). A moderate inverse correlation was established between left VN CSA and the area of substantia nigra hyperechogenicity on
both sides (p < 0.04); for the right VN a similar correlation was established at the trend level. High-resolution ultrasound of patients with PD demonstrated atrophy
of the VN and the association of VN CSA with the clinical form of the disease and the ultrasound features of the substantia nigra.
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YJIbTPA3BYKOBOE UCCNEAOBAHUE BJTY>KOAKOLLIMX HEPBOB Y MNALUVEHTOB C BOJIE3HLIO MAPKUHCOHA

A. O. YeuvetkmH = A, H. MockaneHko, E. tO. ®enotosa, C. H. nnapnoLuxkuH
Hay4HbIn LeHTp HeBponorumn, Mockea, Poccus

BonesHb MapkuHcoHa (BIM) aBnseTca MynsTUCUCTEMHbIM 3a00neBaHNeM, NP KOTOPOM HEMPOAEreHepaTvBHbIE M3MEHEHVS C HaKOMNEHWEM o-CUHyKNenmHa
3aTparvBatoT BOMoKHa Gnyxxgatolmx Hepeos (BnH). Llenbto pnaHHol paboTbl 6bIN0 NPOBECTV YNBTPas3BykoBoe nccnepgoBaHue (Y3W) nnouwaan nonepedHoro
cedenma (MMC) BnH y nauverTos ¢ BIN. B nccneposarne Bowwm 32 60nbHbIX Bl (15 My»UmH 1 17 >XeHLLWH; cpefHuin BospacT 58 + 10 neT) n 32 yenoseka
KOHTPOMBHOW MPynMbl, COMOCTaBUMbIE MO N0y 1 BO3PacTy. Bcem nccnegyembiM npoBOAvAM yisTPa3BykoByto oLieHKy MIMC BnH aat4mkom BbICOKOrO padpeLueHms.
MMC nesoro BnH y naupeHToB ¢ Bl 6bina MeHbLIe N0 CPaBHEHWIO C NMLAaMU KOHTPObHOM rpynnbl (1,78 + 0,52 mvm? npotve 2,11 + 0,41 mm?; p = 007), anst
npasoro baH aHanornyHoe paanuyre nonyyYeHo Ha ypoBHe TeHaeHUu. ROC-aHanma nokasan, 4to noporoas BenndmHa MNC ans nesoro baH mexee 2,10 mv?
VIMEET HU3KNI MokasaTtesb YyBCTBUTENBHOCTY (59%) Ans AanarHOCTUKm atpodumn Hepsa npu BI. MIMC npasoro BnH 6bina 4ocToBepHo Boilwe, Yem nesoro BaH
ONst naumeHToB obenx rpynn (o < 0,001). Mpn aHanmae rpynnbl 60nbHbLIX Bl He BbisBneHo 3asucrmocTy MIMC BaH oT BodpacTa, Npoao/mKUTENBHOCTY 1 CTadum
3abonesaHus, konmdectsa 6annos Npu oueHke no motopHot (UPDRS Il n HemoTtopHon (NMSQ) Lwkanam. [Mpy SToM y MaLMEHTOB € akKUHETUKO-PUMMAHOM hOPMOi
MMC nesoro BnH 6bina 3Ha4MMO MeHbLLE MO CPaBHEHMIO C NaumeHTaMmn co cMellaHHon dhopmoit Bl (o < 0,05). BbisiBneHa ymepeHHas obpaTtHas Koppensaums
MMC nesoro BnH ¢ nnowaapto MnepaxoreHHOCTY YepHoW cybCcTaHLmM ¢ 06enx CTOPoH (p < 0,04) 1 Ha ypoBHe TeHaeHUMM — anst npasoro bnH. Y3 nauneHTtos
¢ Bl nokasano arpoduryeckre nameHeHnst BaH npu gaHHoM 3abonesaHum, a Takke B3aumocssaasb MINC BaH ¢ kanHnydeckon hopmolt Bl v ynsTpassyKoBbIMU
VIBMEHEHVISIMM HEPHOW CyOCTaHLMM roNOBHOIO MOo3ra.

Knto4yeBble cnosa: 605e3Hb MNapknHcoHa, 6y>KaatoLLmin HepB, yAsTpasBykK, nollaib NonepedHoro ceveHuns

Bknap aBtopoB: A. O. YeueTknH — padpaboTka AnsarHa UccnefoBanuns, coop ynbTPa3ByKOBbIX AaHHbIX, aHanM3 1 MHTepnpeTaumns gaHHbIX, Hanmcanue
pykonucu; A. H. MockaneHko — cH0p KNMHUYECKNX AaHHbIX, aHanmM3 1 nHTepnpeTaums aaHHbIx; E. FO. ®enotosa, C. H. innaprolwkiH — padpaboTka avdanHa
NCCNeaoBaHVsi, pefakTMpoBaHve PyKOMMCH.
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Parkinson’s disease (PD) is the second most common  According to pathomorphological reports, neuronal loss

neurodegenerative disorder after Alzheimer’s disease. Its
annual incidence varies from 5 to over 35 cases per 100, 000
population [1]. In PD, autonomic dysfunction can develop years
before the main motor symptoms set in. The prodromal period
of PD is often characterized by gastrointestinal dysfunction
manifesting as constipation, gastroparesis or nausea [2].
There is a hypothesis that pathologic deposition of a-synuclein
in CNS observed in PD may start in the enteric nervous system
and then spread rostrocranially via the vagus nerve (VN) [3].

in the dorsal motor vagal nucleus can be as high as 50% [4].
Aggregates of a-synuclein are detected in some VN nuclei in the
very early stages of the disease [5]. Importantly, subdiaphragmatic
vagotomy is associated with a reduction in the subsequent risk
of PD [6, 7]. A study conducted on an animal model has shown
that a-synuclein derived from the brain lysate of patients with PD
and recombinant a-synuclein injected into the intestinal wall
are transported to CNS via the VN [8]. Abnormal a-synuclein
aggregates have been detected in the glossopharyngeal and vagal
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roots and in the cervical and pharyngeal segments of the VN
of patients with PD [9, 10]. 11C-donepezil PET has found
decreased acetylcholinesterase density in the gastrointestinal
tract of patients with PD [11, 12]. This is believed to reflect
parasympathetic denervation largely due to VN damage. Thus,
adequate assessment of VN degeneration may serve as an
additional tool to aid PD diagnosis. However, it is still unknown
whether neurodegeneration observed in patients with PD is
associated with VN atrophy that can be measured in vivo.

High-resolution ultrasound (HR-US) is a method of choice
for visualizing peripheral and cranial nerves: ultrasound
is often employed to detect peripheral nerve damage and
polyneuropathy. For example, HR-US is capable of detecting mild
and moderate VN atrophy in patients with lateral amyotrophic
sclerosis and diabetic neuropathy [13-15]. A study reported that
the cross-sectional area (CSA) of both VNs measured during
HR-US was smaller in patients with PD than in the control group;
this finding corroborates the hypothesis about the presence of
nerve atrophy in PD patients [16]. There is ongoing debate about
using high-resolution ultrasonography for estimating VN atrophy,
a potential PD biomarker. The literature data on this problem are
scarce and controversial [4, 16-23].

This study aimed to examine VNs in patients with PD using
HR-US and to investigate possible associations between the
obtained measurements, the clinical picture of the disease and
the intensity of the hyperechoic signal from the substantia nigra
of the middle cerebral peduncles.

METHODS
Patients

The study was conducted at the Research Center of Neurology
from March 2020 to March 2021. Thirty-two patients with
PD (15 men and 17 women) were included in the study. The
mean age of the participants was 58 + 10 years. Their clinical
characteristics are provided in Table 1. The clinical history of
PD varied from 1 to 26 years. The group was dominated by
the mixed and akinetic-rigid forms of the disease (78%). The
stage of the disease was determined using the Hoehn & Yahr
scale. The severity of the patients’ overall condition and motor
function were assessed based on the total score on Part |l
of the Unified Parkinson’s Disease Rating Scale (UPDRS).
Non-motor symptoms were assessed using the Non-motor
Symptoms Questionnaire (NMSQ). Four patients without
clinically manifested polyneuropathy had type 2 diabetes
mellitus controlled by adequate therapy. The following inclusion
criteria were applied: any form of Hoehn & Yahr stage 1-3
PD. Exclusion criteria: severe diabetes mellitus with clinically
manifested polyneuropathy; the absence of temporal bone
acoustic window for transcranial ultrasound.

The control group consisted of 32 individuals comparable
with the study group in terms of sex (16 men and 16 women)

Table 1. Clinical characteristics of patients with PD included in the study
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and age (mean age: 59 + 6 years), without a medical history of
diabetes mellitus, impaired glucose tolerance and neurological
(including neurodegenerative) diseases.

Ultrasound examination

Transverse scans of the VN were performed using the iU 22
scanner (Philips; Netherlands) equipped with a L17-5 high-
frequency linear array transducer. To measure CSA of the VN,
the nerve was manually traced inside the hyperechoic epineural
rim at the level of the distal portion of the common carotid
artery, proximal to the bifurcation point (Fig. 1). During the scan,
the pressure applied to the transducer was minimal to prevent
nerve compression. The color Doppler mode was activated
when necessary, so as not to confuse a small blood vessel in
this hypervascularized region for VN. CSA was measured with
0.1 mm? precision. The average value derived from the sum
of 3 measurements on each side was used in the subsequent
statistical analysis.

Transcranial ultrasound of the substantia nigra was
performed using the same scanner, an S5-1 sector array
transducer and the standard technique described in [24].
Longitudinal scans were performed bilaterally using the
transtemporal approach (temporal bone acoustic window).
The images of the middle cerebral peduncles, which are
visualized as a hypoechoic structure resembling a butterfly
and surrounded by the hyperechoic basal cisterns, were
captured and zoomed in 200% or 300%. If a hyperechoic
signal was registered from the anatomic location of the
substantia nigra (substantia nigra hyperechogenicity, SNH),
that region was delineated with a cursor and CSA (cm?) was
calculated automatically.

Statistical analysis

Statistical analysis was carried out in StatTech v. 2.3.0 (StatTech;
Russia). For quantitative variables, normality of distribution
was tested using the Shapiro-Wilk test. Normally distributed
quantitative variables were described as arithmetic means
(M) and standard deviations (SD). Non-normally distributed
quantitative variables were described as medians (Me) and the
upper and lower quartiles (Q,; Q,). Intergroup differences in
normally distributed quantitative variables with equal variances
were estimated using Student’s t-test. Intergroup differences in
non-normally distributed quantitative variables were estimated
in the Mann-Whitney U test. The direction and strength of
correlations between two quantitative variables were assessed
using Spearmen’s correlation coefficient. ROC-curve analysis
was applied to assess the diagnostic significance of quantitative
parameters in predicting a given clinical outcome. The optimal
cutoff point was calculated based on the maximum value of the
Youden index. The significance threshold was assumed to be
p < 0.05.

Disease characteristics

Patients with PD

Duration (Me [Q,; Q/])

3 [2; 8] years

Form

Akinetic-rigid — 7 (22%)
Mixed — 25 (78%)

Hoehn & Yahr stage

1—8 (25%)
2—10 (31%)
3 — 14 (44%)

Severity of overall condition, UPDRS-III

37.0 + 16.1 points

Severity of non-motor symptoms, NMSQ

8.2 + 3.8 points
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Fig. 1. A transverse ultrasound image of the vagus nerve. A. The left vagus nerve (indicated by the white arrow) is located between the common carotid artery (CCA)
and the internal jugular vein (IGV). B. The same image showing delineation of the vagus nerve along the internal contour of the hyperechoic epineural rim. CSA (cross-

sectional area) of the nerve = 0.014 cm?, or 1.4 mm?

RESULTS

The analysis revealed that CSA of the right VN was reliably
larger than that of the left VN in both groups (p < 0.001; Table 2).

No significant sex-related differences between right and left
VN CSAs were detected within the group of patients with PD
(o =0.16 and p = 0.19, respectively), although CSA tended to
be bilaterally smaller in women (Table 2). In the control group,
left VN CSA was smaller in women than in men (o = 0.03) but
right VN CSA did not differ between the sexes (p = 0.08; Table 2).

The analysis also showed that left VN CSA was smaller
in patients with PD than in the control group (o = 0.007).
Right VN CSA did not differ significantly between the groups
(o = 0.13) although it tended to be smaller in PD patients. Men
with PD had smaller left VN CSA than men in the control group;
by contrast, no significant difference in the right VN CSA was
observed between the groups (p = 0.09). The right and left VN
CSA did not differ between female participants (p = 0.61 and
p = 0.39, respectively).

Considering the differences in the left VN CSA between the
PD and the control groups, we conducted ROC analysis to
determine a threshold value for the left VN CSA and assessed
the model’s sensitivity and specificity (Fig. 2). The threshold
value of left VN CSA (the cutoff point) corresponded to the
maximum value of the Youden index and was 2.10 mm?;
sensitivity and specificity of the model were 59.4% and 75.0%,
respectively.

The analysis of the PD group data did not detect any
associations between CSA and age, clinical duration or stage of
the disease, UPDRS-IIl and NMSQ scores (p > 0.05). However,
there was an association between the form of the disease and

left VN CSA: the latter was smaller in patients with akinetic rigid
PD (o = 0.043). Right VN CSA only tended to be smaller for this
form of the disease (p = 0.064; Table 3).

During transcranial ultrasound, SNH was detected in 27
(84%) patients. The hyperechoic area was 0.23 (0.15; 0.26)
cm2 on the right side and 0.22 (0.15; 0.27) cm2 on the left
side. The analysis of possible associations between CSA and
SNH areas on both sides demonstrated a moderate inverse
correlation between left VN CSA and SNH areas on the left
(R =-0.38; p = 0.03) and right (R = -0.36; p = 0.04) sides (Fig. 3).
At the trend level, a similar association was observed for the
right VN CSA: R =-0.352, p = 0.05 on the right and R = -0.28,
p = 0.12 on the left side.

DISCUSSION

In our study, right VN CSA was reliably larger than CSA of the
left VN in both groups. This pattern was observed for both
male and female participants. Similar findings are reported by
another study proposing reference VN CSA values for healthy
populations [25] and by almost all publications on the HR-US-
based assessment of the VN in patients with PD [4, 17-20, 22].
This is consistent with the difference between the right and left
VNs observed during a morphological examination [26]. The
amount of nerve fibers in the right VN is ~20% higher than in
the left nerve [27]. This asymmetry may result from unequal
innervation of unpaired organs in the abdominal cavity [28]. The
right VN innervates a part of the small bowel, the colon and the
anterior gastric plexus; the left VN ends in the anterior gastric
plexus and branches off to the stomach, liver and the superior
duodenum.

Table 2. CSA of the right and left vagus nerves in patients with PD and healthy controls

Group Right VN CSA (mm?) Left VN CSA (mm?)
PD (n=32) 2.03 +0.50 1.78 £ 0.52 ¢
men (n=15) 2.20 £ 0.44 2.03+0.46*
women (n=17) 2.04 £ 0.46 1.87 £ 0.52
Control (n=32) 2.21 £0.39 211+ 0.41
men (n=16) 2.33 £0.37 2.26 £ 0.37
women (n = 16) 2.09 +0.38 1.96 + 0.39

Note: CSA — cross-sectional area; VN — vagus nerve; PD — Parkinson’s disease; * — p < 0.05, comparison with the control group.
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Fig. 2. Analysis of the model’s sensitivity and specificity depending on the threshold values of the left VN CSA. CSA — cross-sectional area; VN — vagus nerve

According to our observations, VN CSA was smaller in
women than in men in both groups (o < 0.001). These findings
are consistent with the results of the largest study on the subject
[4] in which HR-US of the VN was performed on 63 patients
with PD and 56 healthy individuals. However, in another study
VN CSA was larger in men than in women [19].

According to our measurements, left VN CSA was smaller
in patients with PD than in the control group (o < 0.05); right
VN CSA did not differ significantly between the groups although
it did tend to be smaller in patients with PD. Eight identified
publications on HR-US-based VN assessment in patients with
PD yielded conflicting data despite the use of high-frequency
high-resolution transducers (linear array transducer frequencies
ranged from 12 to 19 MHz; Table 4). Significant atrophy of
the right and left VNs of patients with PD was reported by
4 studies [16, 19, 20, 23]. Another 4 studies included in the
analysis reported no differences between the VNs of patients
with PD and healthy individuals [4, 18, 21, 22]. But although
no differences in VN CSA between patients with PD and the
control group were initially observed in the study [4], once the
obtained data were corrected for sex, right (as opposed to left),
VN CSA turned to be considerably smaller for female patients
with PD (p = 0.041). In our study, left VN CSA was reliably
smaller in men with PD than in healthy male controls, but no
significant differences were found for right VBN CSA.

In our study, the average VN CSA was 8% smaller on the
right side and 15% smaller on the left side in patients with PD
than in the control group. Other studies report a reduction of
10% to 30% [16, 17, 19, 20, 23]. In order to determine the
threshold value for left VN CSA, which, according to our data,
was reliably smaller in the PD group, ROC analysis was carried
out. Based on its results, a value below 2.10 mm? may serve as
a VN atrophy indicator for patients with PD with 59% sensitivity
and 75% specificity. In an earlier study conducted on 60 healthy
volunteers, VN CSA was 3.0 + 0.7 (1.7-4.3) mm? on the right
and 2.3 + 0.6 (1.1-3.5) mm? on the left side [25]. Knowing
that typical VN CSA varies from 1 to 4 mm? and considering
the low sensitivity of this indicator, we think that the obtained
threshold value cannot be used in clinical practice for such

Table 3. 3VN CSA in patients with different forms of PD

small anatomical structures as VN. It should be noted that in
all of the publications we included in the analysis, the area of the
nerve was measured at different levels, which may have affected
the results because there is some anatomical variability in nerve
thickness in its cervical segment. Similar to our strategy, some
researchers measured VN CSA at the level of the distal end of
the common carotid artery [16, 21]; others took measurements
at the level of the thyroid cartilage [4, 19]; some studies did not
specify the level at which the measurements were taken [18].
However, the difference in the applied methodologies alone
cannot explain why significant atrophy of the VN was observed
in some studies and was undetected in others. The conflicting
results may be explained by the fact that differences in the
obtained measurements were minor and generally depend on
the technical specifications of the scanner, transducer frequency
and the experience of the sonographer.

We did not find any correlations between VN CSA and
most of the clinical characteristics of PD. There were no
reports of correlations between VN CSA and the patient’s
age, Hoehn & Yahr stage, duration of the disease, UPDRS-III
scores, cognitive scores, gastrointestinal and other non-motor
symptoms in almost all of the analyzed publications [4, 17,
18, 20-23]. The absence of correlations may be linked to the
progressive degeneration of the dorsal motor vagal nucleus
at the early stages of the disease [29]. However, there are
publications suggesting an association between the VN caliber
and the clinical manifestations of PD. For instance, left VN CSA
is reported to correlate with the severity of PD symptoms on
the UPDRS-III scale (r = 0.58; p = 0.007), in contrast with right
VN CSA (p = 0.53) [19]. Besides, right VN CSA is correlated
with bradykinesia assessed on the UPDRS-III scale (r = 0.53;
p = 0.003) [18]. The authors of the cited studies hypothesize
that bradykinesia-dominant PD subtypes seem to be
associated with more advanced Lewy body pathology. Our
findings corroborate this conclusion. In our study, the nerve
caliber was associated with the form of the disease: left VN
CSA was smaller in patients with akinetic rigid PD (o = 0.05)
whereas a similar pattern for right VN CSA was observed at the
trend level (p = 0.06).

Form of PD
Parameter
Akinetic rigid Mixed
Right CSA (mm?) 1.70 £ 0.47 2.13+0.48
Left CSA (mm?) 1.46 +0.35~ 1.87 +0.53

Note: * — indicates statistically significant differences (p < 0.05).
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Fig. 3. The regression function graph for the association between the left VN CSA and SNH area on the right (A) and left (B). CSA — cross-sectional area; VN —

vagus nerve; SNH — substantia nigra hyperechogenicity

Table 4. Ultrasonography findings in patients with PD

Significant
e B e
Reference study p;g?&t)sn;/:glh and woPnIWDen with frequency control groups
Right VN Left VN
[16,17] 19/21 6/13 12 MHz 1.58/2.35 1.45/1.91 yes
[18] 32/15 20/12 15 MHz 29+0.7/27+0.7 2;.34206?7/ no
[19] 20/ 61 13/7 15 MHz 0.64+0.17/1.04 +0.20 | 0.69 +0.18/0.87 + 0.15 yes
[20] 35/35 19/16 15 MHz 21+04/23+05 1.5+04/18+0.4 yes
[21] 20/20 10/10 12 MHz 1.17/1.13* no
[22] * 31/51 16/15 n/a 2.54/2.24 2.10/1.90 no
[23] 20/20 12/8 19 MHz 2.37+091/6.0+1.33 | 1.87+1.35/5.6+1.26 yes
[4] 63 /56 43/20 12 MHz 2.23/2.37 1.89/1.97 no / yes¥
Our data 32/32 14/16 17 MHz 2.03+0.50/2.21 +£0.39 | 1.78 £+ 0.52/2.11 + 0.41 yes

Note: PD — Parkinson’s disease; HR-US — high-resolution ultrasound; CSA — cross-sectional area; VN — vagus nerve; * preprint, not peer reviewed yet; # — average

diameter (mm); ¥ — reduction of right VN CSA in the PD group corrected for sex.

While conducting literature analysis, we found a single report
of a significant inverse correlation between right/left VN CSA
and the severity of autonomic dysfunction in PD measured on
the NMSQ scale (r = -0.46; p = 0.003) [19]. Besides, right (but
not left) VN CSA was directly correlated with parasympathetic
heart-rate variability (- = 0.58; p = 0.001) whereas left VN CSA
was correlated with the severity of PD symptoms on the UPDRS-
lllscale (r = 0.58; p = 0.007). This inconsistency between our
findings and the results of other studies might be explained
by the applied study selection criteria: patients with
comorbidities that could be associated with VN neuropathy
were excluded.

In the course of the study, we investigated possible
associations between VN CSA and SNH in the middle cerebral
peduncles assessed by transcranial ultrasound. The analysis
revealed a moderate inverse correlation between the left VN
CSA and SNH area on both sides (o < 0.04). A similar correlation
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EFFECTS OF HIS-PHE-ARG-TRP-PRO-GLY-PRO PEPTIDE ON FREE-RADICAL OXIDATION PROCESSES
IN CONDITIONS OF CHRONIC RESTRAINT STRESS

Vorvul AO'® Bobyntsev II', Medvedeva OA', Azarova YUE', Belykh AE', Andreeva LA?

" Kursk State Medical University, Kursk, Russia
2 Institute of Molecular Genetics, RAS, Moscow, Russia

Studying the effects of regulatory peptides on the stress-induced shifts in the bodily processes is of great fundamental and applied significance. Currently, a wide
range of peptide neurotropic drugs, affecting the stress response development, are used in medicine, and new promising molecules are being studied. The study
was aimed to assess the effects of the adrenocorticotropic hormone (ACTH) synthetic analog, ACTH(6-9)-Pro-Gly-Pro, administered at a dose of 5, 50 and 500 pg/kg,
on the free-radical oxidation processes in Wistar rats, subjected to chronic restraint stress (CRS) during two weeks. Serum levels of 8-oxo-2'-deoxyguanosine
(8-OHdG) and superoxide dismutase 3 (SOD3) were assessed by enzyme immunoassay, and the levels of thiobarbituric acid reactive substances (TBARS) were
assessed by fluorimetric method. CRS lead to the significant increase in the 8-OHAG levels by 18.4% (p = 0.01) and the decrease in the SOD3 levels by 14.3%
(o = 0.01), however, it had no effect on the levels of TBARS. ACTH(6-9)-Pro-Gly-Pro, administered at a dose of 5 and 50 pg/kg, significantly decreased the levels
of 8-OHdG by 19.8% (p = 0.03) and 30% (p = 0.001), respectively. Thus, it was found that CRS resulted in oxidative stress in animals. ACTH(6-9)-Pro-Gly-Pro
administration at a dose of 5 and 50 pg/kg inhibits the stress-induced free-radical oxidation processes.
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BNWAHME NENTUAA HIS-PHE-ARG-TRP-PRO-GLY-PRO HA NMPOLIECCbl CBOEOAHOPAVNKAJIbHOIO
OKUNCINEHUA B YCNOBUAX XPOHNYECKOIO MMMOBUITM3ALIMOHHOIO CTPECCA

A. O. Bopeynb'=, 1. W. BobbiHues!, O. A. Megsenesa', 0. 3. Asaposa’, A. E. Bernbix', J1. A. AHgpeesa?

" Kypckuii rocydapCTBEHHbIN MeauUMHCKUA yHrBepcuTeT, Kypck, Poccus
2 VIHcTuTyT MonekynsipHol reHeTuk PAH, Mocksa, Poccuist

V13y4eHre BAMSHNS perynsTopHbIX NENTUAOB Ha Pa3BUTUE CTPECC-UHOYLUMPOBaHHbIX CABUIOB B OpraHM3me UMEeeT BaxXHOe (hyHAaMeHTabHOe 1 NMpuKnagHoe
3HayeHvie. B HacToslLLee BpeMsi B MeOULMHE MCMOMb3YIOT LieNblil Psif HEMPOTPOMHbIX MPEnapaToB NenTUAHOM NPUPOAbI, OKa3bIBAIOLLMX BAUSHME HA pa3BUTVE
CTPECCOPHON peakLmn, a Takxe BeayT MCCnefoBaHne HOBbLIX MEPCMeKTVBHbIX Monekyn. Llenbio paboTsl 6610 M3ydnTb 3deKTbl CUHTETUHECKOrO aHanora
alpPEHOKOPTUKOTPOMHOrO ropMoHa (AKTT) AKTT(6-9)-Pro-Gly-Pro B no3ax 5, 50 1 500 MKI/Kr Ha npoLecchl CBOBOAHOPaANKaNIbHOrO OKUCNEHNS Y KpbiC BucTtap
B YCNOBUSX ABYXHEOENBHOrO XPOHNHECKOrO MMMobunnmaaumonHoro ctpecca (XV1C). YposHu 8-okco-2'-aesokcuryaHodmHa (8-OHAG) v cynepokeuaamcmyTassl 3
(COY) B CbIBOPOTKE KPOBW OLIEHVBaNM C MPUMEHEHMEM MMMYHO(EPMEHTHOMO aHanm3a, a ypoBHW MPOAYKTOB, pearvipytoLLvX ¢ TMobapbutypoBoit kuicnoto (TBK-PTT),
oueHBany dnyopumetpudeckm metogomM. XVIC nprBognn K 3Ha4MMOMY MOBbILLEHMO ypoBHS 8-OHAG Ha 18,4% (p = 0,01) 1 cHwkeHnto COO3 Ha 14,3%
(o = 0,01), Ho He BmAN Ha yposeHb TBK-PT1. MpumereHne AKTT (6-9)-Pro-Gly-Pro B gosax 5 1 50 MKI/Kr 3Ha4MMO CHKano cogepxkarne 8-OHAG Ha 19,8%
(o =0,03) 1 30% (p = 0,001) COOTBETCTBEHHO. TakMM 06pa3oM, ycTaHoBEHO, YTO XIC NPYBOAWT K Pa3BUTUIO OKUCIUTENBHOO CTPecca y KMBOTHbIX. BBefeHve
AKTT (6-9)-Pro-Gly-Pro B fo3ax 5 1 50 MKI/Krr okasblBaeT MHIMOMPYIOLLEE BANSHE HA CTPECC-UHAYLIMPOBaHHbIE NPOLECChl CBOOOAHOPAaAVKAIbHOIO OKUCNEHWS.

KntoyeBble cnoBa: perynstopHble nentuapl, His-Phe-Arg-Trp-Pro-Gly-Pro, AKTT (6-9)-Pro-Gly-Pro, cBoboaHopaankanbHoe OKUCNEHNE, OKUCIMTENbHbIA CTPeCC,
XPOHNHECKNIA UMMOBUN3ALMOHHBIA CTPECC
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Activation of free-radical oxidation is one of the main The use of peptide molecules could be one of the promising
mechanisms, underlying cell damage, resulting from the  directions for solving the mentioned above problems [3, 4]. No
organism's exposure to stressor [1, 2], which determines  toxicity and allergenic capacity along with the broad spectrum
the relevance of searching for effective approaches to  of physiological and pharmacological activity is the advantage
cytoprotection under the condition of stress. of using the drug products based on regulatory peptides [5].
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These molecules include regulatory peptides, belonging to the
group of N-terminal analogs of adrenocorticotropic hormone
(ACTH). It is well known that Semax, containing the ACTH(4-7)-
Pro-Gly-Pro synthetic peptide as an active substance, corrects
histoarchitectonics and free-radical oxidation processes in the
liver, as well as serum transaminases levels in the stressed rats
[6]. Furthermore, Semax exhibits neuroprotective effects due
to increased expression of brain-derived neurotrophic factor
(BDNF) in the conditions of brain ischemia [7].

The His-Phe-Arg-Trp-Pro-Gly-Pro peptide (ACTH(6-9)-
Pro-Gly-Pro) is structurally and functionally related to Semax.
The His-Phe-Arg-Trp sequence, matching the ACTH(6-9)
region, is an active center of ACTH, which interacts with
melanocortin receptors (MCR) of all types, except MC2R [8].
However, attachment of the Pro-Gly-Pro tripeptide to the
C-terminus of this molecule increases the molecule resistance
to carboxypeptidases against the background of preserved
neurotropic effects. Like Semax, ACTH(6-9)-Pro-Gly-Pro
exhibits a broad range of neurotropic effects, including in the
stressor load models, and is capable of exhibiting the more
prominent activity when administered at comparable doses [9].

Therefore, the study was aimed to assess the effects of the
ACTH(6-9)-Pro-Gly-Pro peptide on the free-radical oxidation
processes in rats subjected to chronic restraint stress (CRS).

METHODS
Animals

The experiment involved 55 male Wistar rats weighting 280-300 g.
The temperature of 22 + 2 °C, humidity of 60 + 5%, and the
12-hour light/dark cycle (light on from 8:00 to 20:00) were
maintained in the room where the animals were kept. The
animals were provided ad libitum access to food and water. The
rats were divided into five groups, 11 rats per group: 1 — intact
animals (administration of normal saline (NS) with no stress
applied), 2 — control group (CRS + NS), 3 — CRS + ACTH(6-9)-
Pro-Gly-Pro 5 pg/kg, 4 — CRS + ACTH(6-9)-Pro-Gly-Pro 50 pg/kg,
5 — CRS + ACTH(6-9)-Pro-Gly-Pro 500 pg/kg.

Chronic restraint stress

The CRS model was modeled by placing the rats in the tight
transparent plastic boxes with ventilation holes, the size of which was
adjusted individually for each animal. The animals were subjected to
stress for 2 h (from 11:00 to 13:00) during 14 days (Fig. 1) [10].

Peptide

The N-terminal analog of ACTH, ACTH(6-9)-Pro-Gly-Pro
(His-Phe-Arg-Trp-Pro-Gly-Pro), synthesized in the Institute of
Molecular Genetics of the National Research Centre “Kurchatov
Institute” (RAS), was used during the study, which was
dissolved in NS and administered intraperitoneally at a dose of
5, 50 and 500 pg/kg daily 12—15 min before stress exposure in
a volume of 1 mL per 1 kg of body weight. Intact animals and
controls received equivalent amounts of NS on a daily basis.
The peptide doses and the procedure for administration, used
during the experiment, were selected in accordance with the
available literature data on their efficacy [9, 11].

Blood serum collection

The animals were euthanized 24 h after the final stress
exposure by blood withdrawal from the right ventricle of the

heart after performing parasternal bilateral thoracotomy under
ether anesthesia using the S-Monovette vacuum system with
procoagulant (SARSTEDT, Germany). A total of 7.0-7.5 mL of
blood was collected; the vacuum system needle position was
assessed visually. The blood samples collected were centrifuged
at 1500 g for 15 min. The serum obtained was distributed in
200 pL aliquotes in the clean individual microtubes, frozen at
—20 °C, and then stored at =80 °C for further study. Aliquotes
were thawed at room temperature for 4 h prior to analysis.

Assessing the intensity of free radical processes and the
stress response intensity

The nucleic acid metabolite 8-oxo-2'-deoxyguanosine
(8-OHdG) was selected as a marker of oxidative damage to
cellular DNA, it was assessed by enzyme immunoassay (ELISA)
using the DNA/RNA Oxidative Damage (High Sensitivity)
ELISA Kit (689320, Cayman Chemical; USA). Moreover, the
concentration of extracellular superoxide dismutase (SOD3)
was defined by ELIZA using the ELISA Kit For Superoxide
Dismutase 3, Extracellular (SEA117Ra, Cloud-Clone Corp.;
USA); thiobarbituric acid reactive substances (TBARS) were
assessed by fluorimetric method using the TBARS (TCA
Method) Assay Kit (700870, Cayman Chemical; USA).

To evaluate the stress response intensity, corticosterone
serum levels were defined by enzyme immunoassay using the
Corticosterone ELISA kit (ADI-900-097, Enzo Life Sciences;
USA).

All the assays were performed in accordance with the
manufacturers' procedures. Absorbance and fluorescence were
registered and analyzed using the Varioskan Flash advanced
spectral scanning multimode reader (Thermo Fisher Scientific;
USA) and the Skanlt software (Thermo Fisher Scientific; USA).

Statistical analysis

Statistical processing of the data obtained was performed
using v.4.1.0 of R language [12] in the RStudio Desktop
v. 1.4.1717 integrated development environment (RStudio,
PBC; USA; https://www.rstudio.com). The Shapiro-Wilk test
was used for the normality hypothesis test, and equality of
variances was tested using the Levene’s test. In case of the
hypothesis confirmation, two groups were compared using
the Welch's t-test, and four groups were compared using one-
way ANOVA with post hoc Newman—Keuls test. In case of the
hypothesis rejection, the Mann-Whitney U test was used for
two groups, and the Kruskal-Wallis test with post hoc Dunn's
test were used for four groups. The Benjamini-Hochberg
procedure was applied to reduce the false discovery rate. The
differences were considered significant when p < 0.05.

RESULTS

The study found that CRS resulted in oxidative stress (Fig. 2).
Thus, a significant increase in the levels of 8-OHJG by 18.4%
(o = 0.01) along with the significant decrease in the levels of
SOD3 by 14.3% (p = 0.01) against the background of CRS
were observed. However, the concentration of TBARS did not
change (p = 0.43).

At the same time, it has been shown that ACTH(6-9)-Pro-Gly-
Pro corrects the CRS-induced oxidative stress. The significant
differences in the serum 8-OHAG levels (o = 0.0004) between
the controls, subjected to stress, and the animals, receiving the
peptide, have been revealed. However, no significant differences in
the levels of SOD3 (p = 0.2) have been found.
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Fig. 1. Study design

The post hoc analysis has found that the serum 8-OHdG
levels significantly decreased by 19.8% (p = 0.03) and 30%
(o = 0.001), respectively, after the ACTH(6-9)-Pro-Gly-Pro
administration at a dose of 5 and 50 pg/kg. However, peptide
administration at a maximum dose of 500 pg/kg had no effect
on the 8-OHAG levels (p = 0.72).

Based on the data obtained, it was also found that the
significant increase in the levels of corticosterone by 27%
(p = 0.009) was observed in the CRS model. The use of
ACTH(6-9)-Pro-Gly-Pro resulted in significanly altered levels
of the hormone (p = 0.003). The post hoc analysis showed
that ACTH(6-9)-Pro-Gly-Pro administration at a dose of 5, 50,
500 pg/kg resulted in the significant decrease in the levels of
corticosterone by 34.9% (p = 0.004), 16.4% (p = 0.04), and
28.6% (p = 0.01), respectively.

DISCUSSION

The effects of the ACTH(6-9)-Pro-Gly-Pro peptide on the free-
radical oxidation processes in rats against the background of
CRS were assessed during the study. The free-radical oxidation
markers, which were used in the study, were selected based on
their diagnostic and pathophysiology value. Thus, 8-OHdG is
a reliable biomarker of the generalized and cellular oxidative
stress, and an important indicator of oxidative brain damage in
acute ischemic stroke, atherosclerosis, cardiovascular diseases,
neurodegenerative disorders, such as Alzheimer's disease and
Parkinson's disease, as well as in mental disorders, such as
schizophrenia, etc. [13]. The other selected marker of oxidative
stress is malondialdehyde (MDA), resulting from peroxidation of
polyunsaturated fatty acids, which is used as an indicator of the
reactive oxygen species-mediated damage to cell membranes.
The levels of MDA are measured by TBARS assessment
[14]. SOD is a first-line antioxidant, which initiates activation
of protection against the reactive oxygen species [15]. Three
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isoforms of SOD have been reported, however, extracellular
SOD3 is a predominant antioxidant enzyme of blood serum,
and the role of SOD3 is not confined to free-radical scavenging,
but also involves the impact on the immune response and cell
signaling [16]. Consequently, ELISA was used as a reliable and
specific research method, allowing one to identify this exact
isoform of the enzyme, in order to evaluate the SOD3 level
changes in the conditions of CRS and peptide administration.

The study found that CRS resulted in significantly increased
concentrations of the DNA/RNA free-radical oxidation products
in blood serum of experimental animals. These results were
obtained in the similar C57BL/6J murine model of chronic
stress [17]. Furthermore, CRS resulted in the decreased SOD3
levels. It should be noted that free-radical oxidation activation
and the decrease in the SOD3 concentration occurred against
the background of the elevated corticosterone blood levels. It is
known that elevated corticosterone levels are accompanied by
a decline in the antioxidant enzyme system activity [18]. Thus,
the chronic stress model, which was used in the study, induced
activation of the free radical oxidation processes.

It was found that CRS caused no significant changes in
the levels of TBARS. However, there are contradictory data in
the literature regarding the serum levels of this marker under
prolonged stressor exposure. Thus, in a number of studies,
chronic stress resulted in significantly increased serum
concentrations of TBARS [19, 20]. However, the changes
observed occurred against the background of chronic
unpredictable stress, characterized by exposure to stressors of
various intensity, while we used a model involving exposure to
monotonous stress. At the same time, there are some papers,
reporting no significant changes in the serum levels of TBARS
in the experimental conditions similar to ours, regardless of the
significantly increased MDA concentration in the organs and
tissues [18, 21]. It is also important to mention that, despite
their speed and simplicity, fluorometric and spectrophotometric
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Fig. 2. Effects of the ACTH(6-9)-Pro-Gly-Pro peptide on the intensity of free-radical processes and stress response intensity against the background of CRS.

*—p < 0.05, significance level of the differences compared with the control group not subjected to stress (based on Welch's t-test); # — p < 0.05, significance level of
the differences compared with the control group (based on Mann-Whitney U-test); $ — p < 0.05, significance level of the differences compared with the control group
subjected to stress (based on one-way ANOVA with post hoc Newman-Keuls test); semi-bold bar — median; box — interquartile range.

methods for TBARS assessment are not always reliable in
heterogeneous systems due to the potential of aldehydes
other than MDA to produce derivatives, absorbing light in the
same wavelength range [14]. At the same time, the lack of
significant changes in the serum concentrations of TBARS may
be also due to the increase in the activity of the antioxidant
mechanisms, unexplored during our study, by the end of the
experiment. Therefore, clarifying the mechanisms, underlying
alterations in the free-radical oxidation processes, identified
during our study, requires further identification of a number of
additional markers in blood serum.

ACTH(6-9)-Pro-Gly-Pro, administered at a dose of 5 and 50
ug/kg, reduced the intensity of free-radical oxidation processes,
as reflected in the significantly decreased 8-OHAG levels. In this
regard, it should be pointed out that ACTH(4-7)-Pro-Gly-Pro
(Semax), which is similar to ACTH(6-9)-Pro-Gly-Pro based
on its structural and functional properties, administered at
comparable doses, has a cytoprotective effect on the neurons
of the brain in the conditions of ischemia, in particular, due
to the elevated neuronal expression of BDNF [6, 22, 23].
Considering the fact that stroke involves activation of oxidative
stress [24, 25], correction of free-radical oxidation processes
by administration of ACTH(6-9)-Pro-Gly-Pro, found during our
study, may be also of some significance for cytoprotection.

Furthermore, the mechanisms, underlying cytoprotective
effects of the peptide, may be associated with modulation
of NF-kB activity and activation of the redox-sensitive NRF2
signaling pathway, which have been defined when studying
the protective effects of ACTH(6-9)-Pro-Gly-Pro on the SH-
SY5Y cells in the conditions of hydrogen peroxide-induced
cytotoxicity [26].

Moreover, it is well known that hypothalamic-pituitary-
adrenal axis, involved in both production and release of cortisal,
is capable of increasing oxidative stress due to modulation of the
reactive oxygen species production together with mitochondrial
calcium homeostasis. However, cortisol levels correlate positively
with plasma 8-OHdG concentrations [27]. Given the neurotropic
activity, exhibited by ACTH(6-9)-Pro-Gly-Pro [9], it can be
assumed that the anti-stress effects of the substance may be
also associated with modulation of stress response in the central
nervous system, as evidenced by simultaneous decrease in the
levels of cortisol and 8-OHdG, observed during our study.

The differences in the effects of ACTH(6-9)-Pro-Gly-Pro
depending on the dose, in particular, the lack of activity when
using the maximum dose (500 pg/kg), is typical for regulatory
peptides [5, 9]. Thus, as it has been shown for melanocortins,
the signal is transduced from MCR via interaction with adenylyl
cyclase and activation of the cAMP signaling pathway [28].
However, the signal transduction pathways may depend on the
ligand concentration and the transduction may involve other
secondary messenger systems, which may affect the effects
direction and severity. For example, the signal from MC3R may
be transmitted via phosphoinositol pathway [29], and the signal
transduction from MC5R may involve Jak/STAT [30].

CONCLUSIONS

The study showed that in animals, chronic (14-day) restraint
stress resulted in activation of the free-radical oxidation
processes. Administration of ACTH(6-9)-Pro-Gly-Pro at a dose
of 5 n 50 pg/kg reduced the intensity of stress response and
inhibited the stress-induced free-radical oxidation processes.
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QOur findings and the data of other studies, focused on the
effects of the N-terminal ACTH analogs, indicate the need for
further investigation of the mechanisms underlying the effects of
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Evseev PV', Shneider MM' &, Mikhailova YuV?, Shelenkov AA?, Yanushevich YuG?®, Karlova MG¢#, Moiseenko AV4, Sokolova OS*, Shagin DA®

T Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia

2 Central Research Institute of Epidemiology of Rospotrebnadzor, Moscow, Russia

¢ Pirogov Russian National Research Medical University, Moscow, Russia

4 Lomonosov Moscow State University, Moscow, Russia
Multidrug-resistant Klebsiella pneumoniae strains are one of the major causes of nosocomial infections caused by the antibiotic-resistant bacteria. There are
different options for dealing with this threat, among which is the clinical application of bacteriophages. The study was aimed to isolate and describe a virulent
bactriophage, having the potential for therapeutic use. The standard phage biology and bioinformatic methods were used, which included the advanced techniques
for protein structure prediction (AlphaFold software), and electron microscopy. The virulent podovirus KPPK108.1, being the member of genus Drulisvirus, which
is able to specifically infect the K. pneumoniae strains with the KL108 type capsular polysaccharide, has been isolated from the wastewater. The sequence of the
bactriophage genome has been defined, the biological properties have been investigated, and the genetic features have been described.
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HOBbI BUPYNIEHTHbI BAKTEPUO®AT KLEBSIELLA PNEUMONIAE KPPK108.1,
VHOULMPYHOLLIMIA LUTAMMbI CEPOTUIMA K108

M. B. EBcees’, M. M. LLiHengep' ™, 0. B. Muxannosa?, A. A. LLenerkos?, 0. I Anywesns®, M. . Kapnosa®, A. B. MoviceeHko?, O. C. Cokososa?,

0. A Warms®

" ViHcTuTyT Broxuminn nvern M. M. LLemsikmnHa n tO. A. OBumHHMKOBa, Mocksa, Poccurst

2 LleHTpanbHbI Hay4HO-MCCNeAoBaTENbCKUA UHCTUTYT annaemmonorin PocrnotpebHangopa, Mockea, Poccust

3 POCCUMCKIIA HAaLMOHaTbHBIA MCCNEaoBaTENbCKUN MEAVLMHCKUIA yHBepcuTeT uMmenn H. W, Minporoea, Mockea, Poccus

4 MOCKOBCKMI1 rocyapCTBEHHbIN yHBEpCUTET MMeHn M. B. JTomoHocoBa, MockBa, Poccust
MynsTrpesncTeHTHble WTaMMbl Klebsiella pneumoniae SBNAKOTCH OAHON M3 CaMbIX CEPbE3HbIX MPUHMH BHYTPMOONBHNYHBLIX MH(DEKLNI, BbI3BaHHBIX OaKTepusimm,
YCTOMYMBBIMUA K aHTMOMOTUKaM. CyLLIECTBYIOT pasinyHble BapuaHTbl 60pbObl C STOW Yrpo30W, OAMH U3 HX — KIMHUYECKOE MCMONb30BaHne bakTepnodaros.
Llenbto paboTbl 6610 BbIAENUTE U AETANIBHO OXapakTepn3oBaTh BUPYNEHTHbIN GakTpyodar, UMeloLwnii NoTeHuman Ans TepanesTUHeckoro npyMeHeHns.
Vicnonb3oBanu ctaHaapTHble MeToAb! haroBo G1onorun, G1oMHMOPMaTUKI, BKIKOHAs COBPEMEHHbIe CNOCODbI NpeackasaHns 6enkoBbIX CTPYKTYP (NporpaMma
AlphaFold), anekTpoHHyto M1kpockonuio. 13 0bpasiLoB CToYHbIX BoA, Oblfl BblAeneH BUpYNeHTHbIn nogosupyc KPPK108.1, otHocawwincs K pogy Drulisvirus,
CcneundnyHO MHAPUUMPYIOLLMIA LITaMMbl K. pneumoniae, MetoLLVe KancynspHblin nonmcaxapun tna KL108, onpegeneHa nocnenoBaTelbHOCTb €ro reHoMa,
1CCNefoBaHbl ero O1ONorM4ecKyie CBOMCTBA 1 [laHa reHeTUYecKas XapakTepucTumka.

KnioueBble cnosa: 6aktepuodar, Klebsiella pneumoniae, kancynsipHbii nonncaxapug, Aenonmepasa

®duHaHcupoBaHue: paboTa BbiMONHEHa Npu (PUHAHCOBOW Nopgaepkke MuHucTepcTsa 3apaBooxpaHennsa Poccuiickon ®epepaunn (EFMCY HNOKTP
Ne 121052800048-3).

BnarogapHocTu: aBTopbl 6narogapsit LIeHTp BbICOKOTOYHOIO PeAaKTUPOBaHNS N FTEHETUHECKIX TEXHONOIIA Ans GrnomeauumHsl PHAMY vm. H. . Mnporosa 3a
KOHCYMETaLWMN MO METOANHECKOW YacT UCCNEA0BaHMSI.

Bknap astopos: [1. A. LLIarvH — KoHLenTyan13aumns, pykoBOACTBO MCCNefoBaHneM, pefakTuposaHme pykonmcy; M. B. Escees, A. A. LLieneHkos — dhopmaneHbIn
aHanM3 AaHHbIX CEKBEHUPOBaHWS, pegakTvpoBaHue pykonucu; M. M. LLIHengep — meTtononorus, pykoBOACTBO nccnegosaHvem; tO. B. MuxainoBa —
CeKBeHNpoBaHve, Bannaaumsa agaqHblx; KO. . Anywesuny, A. Monceerko, M. . Kapnosa — metogonorus; O. C. CokonoBa — 31eKTPOHHAs MUKPOCKOMUS,
METOLOSOMUS.
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The modern personalized approach to phage therapy is based  interaction. Capsular polysaccharides of K. pneumoniag, being
on the detailed assessment of the interaction between phages  the virulence factors [1], are highly diverse in their structure.
and bacterial cells. Bacterial carbohydrates exposed on the cell ~ Currently, bioinformatics databases indicate the existence of at
surface, O-antigens and capsular polysaccharides, are one of  least 134 genetic variants [2]. To meet the challenges of clinical
the most important specificity determinants in the phage—cell  practice it is necessary to create the collection of phages with
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the defined specificity, inter alia based on their capacity of
adsorption through recognition of capsular polysaccharides
with certain structure. The study was aimed to isolate the virulent
phage, which specifically infected the previously described
K. pneumoniae strains with the KL108 capsular polysaccharide,
as well as to fully explore the biological and genetic features of the
phage. Standard phage biology methods, electron microscopy,
and biocinformatics, including the advanced methods for protein
structure prediction (AlphaFold software) were used in order to
provide the comprehensive description of the phage.

METHODS

The P224 (1732) and P225 (1333) clinical strains of
K. pneumoniae with the K108 type capsular polysaccharide
were obtained from the collection of the Institute of Epidemiology
(Moscow, Russia). The wastewater samples, collected from
the wastewater treatment facilities in Moscow, were used
for bacteriophage isolation. Dry components of the bacterial
culture medium (trypton, 10 g/L, yeast extract, 5 g/L, NaCl,
5 g/L) were added to the wastewater samples previously
clarified by centrifugation, then the media were inoculated with
the bacterial cells culture being in the phase of exponential
growth. Cultivation was carried out at 37 °C for 16 h. The
bacterial culture was subsequently inactivated with chloroform,
and the samples were clarified by centrifugation. Phages were
detected by titration using the double-layer agar plate method.
The isolated phage was titrated twice in a row in order to obtain
single phage plaques. Preparative bacteriophage growth was
performed in 1 L of the P224 strain culture at 37 °C. Bacteriophage
was precipitated with polyethylene glycol and purified by caesium
chloride density gradient ultracentrifugation [3].

Genomic DNA of the phage was extracted from the purified
phage preparation by incubation with the solution, containing
100 mM Tris-HCI (pH 7.5), 25 mM EDTA, 1.5 M NaCl, 2% (w/v)
CTAB buffer, 0.3% (v/v) B- mercaptoethanol, and 50 mg/mL of
proteinase K, at 50 °C for 30 min, with subsequent chloroform
DNA extraction, and precipitated by adding 0.6 volume of
isopropy!l alcohol. Genome sequencing was performed on
the MiSeq platform using the Nextera DNA library preparation
kit (llumina; USA). A single contig was assembled from the
resulting sequences using v. 3.13 of the SPAdes software [4].

The experiment aimed at assessing the phage particle
production was performed in accordance with the previously
reported protocol [5].

Negative contrast electron microscopy was utilized to
visualize the phage particles. Phage preparation with a volume
of 3 pL was applied to a carbon-coated 400 mesh grid. The
negatively contrasted preparation was obtained by 1% uranyl
acetate staining for 30 s. Imaging was performed with the
JEOL JEM-2100 200 kV transmission electron microscope
(JEOL USA Inc.; USA) at 30,000x magnification.

The Kilebsiella bacteriophage KPPK108.1 was annotated
with the Prokka tool [6] using the embedded databases. The
functions of the genome protein products were predicted with
the BLAST search tool [7] based on the known homologs, and
by the HMM-HMM comparison, performed with the Hhpred
[8] and Phyre2 [9] web-based tools using the SCOPe70_2.07,
ECOD_ECOD_F70, and UniProt-SwissProt-viral70 databases.
E value < 10 was used as a criterion of significant similarity
in BLAST analysis; the Phyre2 “confidence” and HHpred
“probability” values exceeding 95% were used as the criteria
of significant similarity for the HMM-HMM comparison.
Genetic mapping was carried out with the Geneious Prime
software [10].

Genome sequences of bacteriophages to be used for
comparison with the KPPK108.1 phage were downloaded
from the NCBI Genome database [11]. The average nucleotide
identity was calculated using the VIRIDIC online service [12]
and the orthoANIu software [13]. Phylogenetic analysis was
performed by the maximum likelihood method implemented in
the RaxML program [14] with the use of the GAMMA LG amino
acid substitution model [15] and the concatenated amino acid
sequence alignment of the major capsid protein, terminase
large subunit, DNA polymerase, and RNA polymerase. The
sequences were aligned with the MAFFT program [16] and
concatenated with the Geneious Prime software [10]. The
intergenomic comparison diagram was created with the
Easyfig application [17] using the TBLASTX tool [7] to find the
homologous regions within genomes.

The models of the gene 8 product tertiary structure and
the tailspike protein quaternary structure for the Klebsiella
bacteriophage KPPK108.1 were constructed with the
AlphaFold-Multimer application [18, 19]. The tailspike protein
structure of the Enterobacteria phage —-92 was dowloaded
from the PDB database [20]. Electrostatic surface charge of the
tailspike protein was calculated using the APBS program [21].
The UCSF Chimera program was used for structure alignment
and visualization [22].

RESULTS

The KPPK108.1 bacteriophage forms clear plaques, 5 mm in
diameter, surrounded by the translucent halos, in the bacterial
cultures grown on the agar plates (Fig. 1). The presence of a halo
typically indicate the presence of phage-derived depolymerase,
which has been confirmed by further research. The one-step
growth curve showed a latent period of 15 min and burst size
of 46 phage particles per one infected cell.

Klebsiella bacteriophage KPPK108.1 has a genome,
typical for the Autographiviridae phages, which consists
of double-stranded DNA 43,755 bp in length with the direct
terminal repeats 244 bp in size. The GC-content is 53.6%,
somewhat lower than the value of 57.5%, characteristic of the
sequenced K. pneumoniae strain HS11286 (GenBank Accession

Fig. 1. Electron microscopy of Klebsiella bacteriophage KPPK108.1. Negative
staining with 1% uranyl acetate, magnification 30,000
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CP003200.1). The search for coding sequences revealed
a total of 56 protein-coding genes and no tRNA-encoding
genes in the genome (Fig. 2). The search for homologous and
similar sequences using the BLAST algorithm and the HMM-
HMM comparison in public databases and web servers made
it possible to predict the functions of 29 proteins, encoded in
the genome. It was not possible to identify the functions of
27 proteins. No genes, encoding integrases or other proteins
specific to temperate phages, were found in the genome.
Comparison of the average nucleotide identity (ANI),
involving all 14,923 genes of tailed bacteriophages, deposited
in the NCBI Genome database, revealed a group of Klebsiella
bacteriophages of the genus Drulisvirus, being the most close
to phage KPPK108.1 based on this parameter (Fig . 3). The ANI
values of phage KPPK108.1 and a typical phage of the genus
Drulisvirus, Klebsiella phage KP34, are 73.0%. Phylogenetic
analysis, performed with the use of the concatenated amino
acid sequences of the major capsid protein, large terminase
subunit, DNA polymerase, and RNA polymerase, shows that
Drulisvirus bacteriophages and KPPK108.1 phage form a
monophyletic group (Fig. 4). The genetic makeup and genomic
organization of the phage KPPK108.1 are generally similar
to those of the other Autographiviridae phages (Fig. 5), and
are almost identical to those of other members of the genus
Drulisvirus. An interesting feature of the gene 8 product was
found. Protein structural modeling revealed unusual L-shape of
the protein with a tubular C-terminal region (Fig. 6.1). This region
was characterized by the number of positively charged amino
acid residues above the average. Electrostatic field simulation

ORIGINAL RESEARCH | MICROBIOLOGY

showed that the C-terminal region of the gene 8 product had a
significant negative surface charge (up to -5) (Fig. 6.2).

Bioinformatic analysis of the KPPK108.1 phage genome
revealed genes, encoding the head-tail connector and tailspike
proteins. Modeling and analysis of the tailspike protein structure
was performed (Fig. 6). The search for similar structures revealed
a high degree of similarity between the tailspike of the phage
KPPK108.1 and the tailspike of the Enterobacteria phage
-92 (PDB entry 6EQV) (Fig. 6) exhibiting colanidase activity
confirmed by experimental data [23].

DISCUSSION

The genome-wide similarity score of the phages KPPK108.1
and KP34 exceeding 70% of the genus boundary, together with
the results of the phylogenetic analysis performed based on the
concatenated sequences of conservative genes, show that the
Klebsiella phage KPPK108.1 belongs to the genus Drulisvirus,
subfamily Slopekvirinae, family Autographiviridae. Intergenomic
comparisons support this finding. Minor differences in genome
organization can be explained by the recombination events that
took place during the Klebsiella bacteriophages' evolution, as
confirmed by the presence of NHN endonuclease genes in the
genomes of KPPK108.1 and other related bacteriophages.
The genome structure of the KPPK108.1 phage is typical
for bacteriophages of the Autographivirinae family and is
characterized by the presence of the early gene region [24],
comprising gene 8, encoding a hypothetical protein with an
unusual L-shaped tertiary structure. Regardless of the fact that
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Fig. 2. Genetic map of Klebsiella bacteriophage KPPK108.1. Genes are colored in accordance with the functions of their products (see caption). Arrows indicate gene
directions in accordance with their encoding functions
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Fig. 3. Average nucleotide identity (ANI) distance matrix of the Klebsiella phage KPPK108.1 generated with the VIRIDIC web-based tool using the genomes of various

Autographiviridae family members

the function of this protein has not been defined by searching
for homologues using BLAST, or searching for similar proteins
by HMM-HMM comparison, the surface charge distribution
makes it possible to assume that this protein mimics nucleic
acid, like Ocr proteins, which are also located within the early
gene regions in the genomes of other Autographiviridae, and
are capable of DNA mimicking [25, 26]. It has been shown that
Ocr protein effectively inhibits the BREX restriction modification
system, facilitating phage infection [27].

Bioinformatic analysis of the KPPK108.1 phage genome
makes it possible to predict the organizational structure of the
adsorption apparatus comprised of the head-tail connector
and the tailspike protein, possessing enzymatic properties.
The tailspike protein seems to be the receptor-binding protein
(RBP), which determines host specificity and the host spectrum
of the phage [28]. The tailspike protein structure analysis
indicates the presence of depolymerizing activity against the
polysaccharide, presumed to be related to the E. coli colanic

___ 70 |

acid. Colanic acid, the extracellular polysaccharide, consisting
of several types of carbohydrate residues (such as L-fucose,
D-glucose, D-galactose, and D-glucuronic acid), which is
released into the extracellular environment by bacteria of the
Enterobacteriaceae family, is the colanidase substrate [29].
Colanidases have been relatively recently discovered in phage
RBPs [30]. Colanidases are present in a number of virulent
bacteriophages of the evolutionarily distant groups, such as
podoviruses and myoviruses [23, 30], some of which have
proven to be effective when used in phage cocktails for phage
therapy [30]. It is essential to define the structure of the type
K108 K. pneumoniae capsular polysaccharide to clarify the
question of the similarity of this polymer to colanic acid.

CONCLUSIONS

Klebsiella bacteriophage KPPK108.1 is a virulent bacteriophage
of the genus Drulisvirus, family Autographiviridae. Thorough
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Fig. 4. Phylogenetic tree of Klebsiella phage KPPK108.1 and other Autographiviridae phages generated with the RaxML program using the concatenated amino acid
sequences of the major capsid protein, terminase large subunit, DNA polymerase, and RNA polymerase

bioinformatic analysis has revealed the lytic nature of the phage
infection cycle. The analysis makes it possible to predict the
structure of the phage adsorption apparatus comprised of
the head-tail connector and the tailspike protein, exhibiting
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colanidase activity. The predicted characteristics of KPPK108.1
bacteriophage indicate the feasibility of using KPPK108.1 in phage
cocktails for phage therapy. As far as we know, KPPK108.1 is the
first fully described phage specific for capsular type KL108.
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Fig. 5. Intergenomic comparison diagram created with EasyFig and TBLASTX using the genomes of Klebsiella phage KPPK108.1 and other Autographiviridae phages.
The vertical lines are colored in accordance with the color scale showing the degree of similarity

Fig. 6. Predicted tertiary structure of the KPPK108.1 phage gene 8 product painted with rainbow colors, where blue indicates N-terminal region, and red indicates
C-terminal region of the protein (1). Predicted tertiary structure of the gene 8 product painted in accordance with the charge of the protein surface electrostatic field (2).
Predicted tertiary structure of the KPPK108.1 phage tailspike trimer painted with rainbow colors, where blue indicates N-terminal region, and red indicates C-terminal
region of the protein, longitudinal view (3). Predicted tertiary structure of the KPPK108.1 phage tailspike trimer with monomers painted with different colors, view along
transverse axis (4)
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DEGENERATIVE DISC DISEASE IN YOUNG ADULTS: CYTOKINE PROFILE AND ANGIOGENIC FACTORS
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Back pain (BP), associated with the degenerative disc disease (DDD), poses a heavy social and economic burden due to early disability and indications to surgery,
emerging in young adults. Pathophysiological basis of premature intervertebral disc (VD) degeneration is being actively studied. The study was aimed to define the
profiles of inflammatory cytokines in DDD, as well as their relationship to the structural spine diseases. The molecular genetic analysis of the mRNA gene abundance
in patients with BP and herniated IVD after discectomy and healthy individuals was performed by the quantitative polymerase chain reaction method. High expression
of TNFa, IL17 was revealed in the IVD tissues of the affected patients (p < 0.01); the levels of TNFa and IL1 correlated with the DDD severity (- = 0.301 and 0.37;
p < 0.05). Elevated expression of IL1, IL6 was found in peripheral white blood cells (o < 0.01); the levels of IL6 negatively correlated with Modic type 1 and 2 changes
(r=-0.31; p < 0.05), and the levels of IL17 positively correlated with the IVD herniation in combination with erosions of the adjacent vertebral body endplates and
Modic changes (- = 0.401; p < 0.05). The expression of VEGF-A in the IVD tissues and white blood cells negatively correlated with the DDD grades (r = —0.85;
p < 0.001), indicating reduced vascularization in the terminal phase of the disease. The findings on DDD demonstrate the contribution of the local low-immune
inflammation, coupled with the intense disc vascularization at the earlier stages, and associated with the reactive inflammation in vertebral bodies. The results are
prerequisites for developing the anti-inflammatory and reparative therapy based on the DDD grade and the presence of Modic changes in young adults with BP.
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OEFEHEPATUBHAS BOJIE3Hb AICKA Y MONObIX: LUTOKUHOBBIV MPO®WUSIb
N ®AKTOPbI AHTMOIEHES3A
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3 Fopopackas KnmHuydeckas 6onbHuLa Ne 1 mern H. . Muporoea, Mocksa, Poccust

Bonb B cnvHe (BC), accoummnpoBaHHas ¢ aereHepaTuBHON 6oneaHbio ancka (AB), — Tsxenoe coumanbHoe 1 3KOHOMUYECKOe BpeMst BCNEeACTBME paHHel
VHBaMON3ALMN 1 BOSHUKHOBEHMSI MOKa3aHUIA K OrnepaTviBHOMY BMELLIATENBCTBY YKe B MOSIOAOM Bo3pacTe. [1atodmnsnonornieckie 0CHOBbI MPeXXAeBPeMEHHON
[lereHepaLin Mexno3BOHKOBOro Ancka (MIML) HaxoasTest Ha CTamin akTUBHOMO M3yyeHust. Lienbio nccnenoBaHmist Obino onpenenuTb Npoduib BOCNaNMTENbHBIX
UMTOKMHOB Mpwn B[ 1 X CBA3b CO CTPYKTYPHBIMM HapyLLUEHVSIMI B MO3BOHOYHMKE. Y MaumeHToB Mosoforo BospacTta ¢ bC 1 rpbbkein MIML, nogsepriumxcs
OVICKOKTOMUN, 1y 300POBbIX 1L, MPOBOANAN MONEKYNSPHO-TEHETUHECKUI aHaNN3 NPeacTaBNeHHOCTN reHoB MPHK MeTogoM Konmn4ecTBEeHHOM NnonvMMepasHon
LienHom peakumn. Y 60nbHbIX B TkaHy MITL, BbisSiBNeH BbICOKMA ypoBeHb akcnpeccun TNFa, IL17 (p < 0,01); ypoBHM TNFa 1 IL1B koppennpoBanm ¢ TSXeCTbo
OB (r=0,301 1 0,37; p < 0,05). B nelikoumntax nepudeprHeckoin KpoBm obHapy»keHa noBbilleHHas skcnpeccus IL1B, IL6 (o < 0,01); ypoBeHb IL6 oTpuuatensHo
koppenvposan ¢ | u Il ctagusamm Modic-nameHenunia (r = —0,31; p < 0,05), IL17 npamo koppennposan ¢ rpbixeit MM B codeTaHnn ¢ 9po3smnet 3amMblkaTebHbIX
nnactH 1 Modic (r = 0,401; p < 0,05). Okcnpeccust VEGF-A B TkaHn MMM 1 B neikoumTax KpoBuW oTpuLaTtesibHO Koppenvposana co ctaguert A6 (r = —0,85;
p < 0,001), ykasbiBasg Ha CHIKEHWE aKTUBHOCTI BacKynsapusaumm B TepMnHanbHon ctagun. JaHHble, BbisenenHble npy OB/, roBopAT 0 BKade NOKanbHOro
H3KOVMMYHHOIO BOCMaNIEHs, COMPSPKEHHOMO C aKTUBHOW BaCKynsipusaLmen avcka Ha 6onee paHHMX CTaamsx 1 aCCoOLMMPOBAHHOMO C PEaKTUBHbBIM BOCTAIEHVEM
Ten NO3BOHKOB. MosyyYeHHble Pe3ynsTaThl Cy>KaT NPeAnoChIIKOM K padpaboTke NPOTUBOBOCMANUTENBHOM 1 penapaTyiBHON Tepaniin B 3aBUCYMOCTI OT CTadum
060 1 Hanmuma Modic-m3meHeHunia y nnL, Monogoro BospacTa ¢ BC.

KniouyeBble cnosa: 60/b B CnvHe, AereHepaTvBHas 60n1e3Hb A1cKa, MOMOAoN BO3PACT, ANCKIKTOMUS, aKcnpeccus LtokmHos, MPHK TNFa, IL1B, IL6, IL17,
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Back pain (BP) is one of the main causes of the patients'
disability in the developed world, resulting in permanent
disability. BP is found in all age groups. Thus, according to a
Polish study, BP recurrence within 34 years was observed in
85% of males and 86% of females with the BP onset at the
age of 14 [1]. Degenerative disc disease (DDD), resulting from
degradation and inflammation of the intervertebral disc (IVD)
tissues, is one of the BP variants, associated with unfavourable
outcomes [2]. DDD is a chronic condition with a trend towards
progression. Despite the fact that there are still no explicit
criteria for distinguishing between the “natural” physiological
disc ageing and the pathological degeneration, also found in
young adults, the term “DDD” is used by both clinicians and
pathologists to define the disc extracellular matrix disruption
with impaired homeostasis and the infllammatory process
induction in the IVD space [3]. The DDD clinical manifestations
are well documented: these are BP of mechanical origin
associated with axial load (getting worse with physical activity,
moving heavy objects, flexion, and improving at rest) and/or with
spinal stenosis, radiculopathy, and less often with myelopathy.
DDD is one of the causes of chronic segmental instability
and early disability in the working age patients. Studies have
shown that the IVD degeneration is a multifaceted process,
involving apoptosis, inflammation, ageing, and biomechanical
dysfunction [4]. Recently, considerable attention has been paid
to studying the effects of inflammatory cytokines on the DDD
development, as well as to the imbalance between the pro-
inflammatory and anti-inflammatory cytokines [5].

It is shown, that inflammatory pattern triggers the catabolic
processes in the cartilage matrix of the compromized functional
spinal unit, together with further degeneration of extracellular
matrix and dehydratation of nucleus pulposus (NP) and annulus
fibrosus (AF) [5, 6]. The loss of the disc structural integrity and the
AF microcracks cause the prolapse of the NP content into the AF
tissue and outwards with the formation of protrusion, extrusion,
and sequestration. The role of TNFa, IL1B, overexpression of
IL6, and CD16 monocytes in the development and progression
of degenerative changes is being discussed in literature. It is
important to mention that the cytokine expression may be
correlated with the IVD degeneration severity. The role of IL6
in the disc degeneration and herniation was studied by many
researchers [7]. The hypothesis about the IL6 involvement in
the human IVD degeneration was confirmed by the fact that the
abundance of the catabolic gene transcript increased, and the
expression of genes encoding proteoglycans was suppressed
with the increase in the IL6 expression [8]. Studying the role of
IL17 in the DDD-associated inflammatory cascade showed that
the exposure of human NP cells to IL17 and TNFa contributed
to the increased release of IL6 in vitro and the increased
expression of intercellular adhesion molecules (ICAM-1) on
the surface of cells in NP and AF [9]. The association between
pain intensity, IVD herniation, and inflammatory response was
defined. It was suggested to treat the listed above biomarkers
as the potential markers of the disease onset, severity, and
progression.

The possibility of using the analysis of serum inflammatory
biomarkers for identification of degeneration and inflammation
of the IVD tissues in patients with DDD was demonstrated [7, 10].
Molecular patterns of degeneration and inflammation in the
disc tissued were assessed in order to develop the approaches
to the reparative therapy of DDD [3]. IL1B3, TNFa, and VEGF
were verified by immunohistochemistry in individuals of various
ages having no symptoms of BP [11]; the expression of these
markers in the disc tissues showed almost no differences
between the groups of young and elderly individuals having no

symptoms of the disease. Accordingly, measuring the cytokine
levels in the damaged disc is an important challenge in terms
of searching for the pathogenetically substantiated anti-
inflammatory and reparative therapy. Recently, the role of the
vascular endothelial growth factor (VEGF, VFA) in the disc tissue
vascularization (the disc is normally avascular) at all stages of
the IVD degeneration was shown. The VEGF activity is realized
via regulation of the soluble vascular endothelial growth factor
receptor 1 expression [12].

When studying the pattern of the hernia resorption in
patients with DDD (confirmed by MRI), Japanese researchers
assessed the interaction sequence TNFa-VEGF-MMP (matrix
metalloproteinases MMP-3 and MMP-7 involved in degradation
of the extracellular matrix proteins, aggrecan and collagen)
and found that the expression of mRNA and VEGF protein
increased in the situation of the contact between macrophages
and human disc tissues in vitro, and positively correlated with
the TNFa expression levels [13]. Thus, it was shown that
neovascularization promoted the reverse development of
intervertebral hernias. The process of the capillary ingrowth into
the IVD tissue was confirmed by magnetic resonance imaging
(MRI) with the use of gadolinium-based contrast agents, and
could serve as an additional determinant of the extrusion
resorption [14].

The relationship between the markers of aseptic
inflammation and IVD reparation in the disk tissues, and the
abundance of those in peripheral blood of young patients with
advanced grade DDD have not been fully defined. Various
data are available on the preponderant role in altering the VD
immune homeostasis, played by one or another cytokine.
Studying the cytokine profile (together with the features of the
functional spinal unit lesion) would make it possible to define
the immune phenotypes of patients in order to develop the
biological targets for therapy and prognosis of the disease. The
study was aimed to define the profiles of the key biomarkers of
inflammatory damage (TNFa, IL6, IL17, IL1B) and angiogenesis
(isoforms of the vascular endothelial growth factor A, VEGF121,
VEGF165, and VEGF189) in the cartilage tissue of IVDs and
white blood cells of young patients with DDD, who underwent
discectomy, compared to controls.

METHODS

The study was carried out at the Department of Neurosurgery,
Pirogov City Clinical Hospital Ne 1, and A.l. Nesterov
Department of Faculty Therapy, Pirogov Russian National
Research Medical University, in 2019-2021. A total of 87 young
(aged 18-44 in accordance with the WHO classification, 2012)
adults were enrolled (40 males and 48 females). Index group
inclusion criteria: young patients (median age 37.01 years
[85.54-38.49]) having BP associated with DDD, confirmed
by instrumental evaluation (MRI) (Table). Exclusion criteria:
history of spinal injury or spinal injury at the time of the study,
tumors and infections affecting the spine and other organs,
inflammatory spondyloarthropathy, surgical interventions in the
previous 30 days. All individuals in the index group underwent
surgery (microdiscectomy) due to the spinal disc herniation
at the corresponding level in the lumbar spine. Pain intensity
was measured in millimeters using the Visual Analogue Scale
(VAS). The functional limitations in the lumbar spine were
assessed based on the Backache Index (BAI) [15]. The control
group was represented by healthy volunteers with no BP
(20 individuals), comparable in gender and age. All patients and
controls underwent MRI of the lumbar spine prior to surgery.
IVD degeneration was assessed based on the reduced IVD

BECTHUK PIrMY | 6, 2021 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | NEUROLOGY

Table. Demographic, clinical and instrumental characteristics of the studied groups

Characteristics of patients Index group Control group P Il
Number of patients 67 20
females 30 10
37 10
males
Me LQ-uQ Me LQ-uQ
Average age, years
37,01 [35,54-38,49] 34,5 [29,26-39,74] <0,01
Pfirrmann degeneration grade at the level of B _
L1-L5 (mean value) 2,62 [2,4-3,0] 1,2 [1,1-1,8] <0,01
Pfirrmann degeneration grade at the level M ° M i
of operated IVD (mean value) 4.26 +0,59 215 +1.18 < 0,01
Abs. (%) Abs. (%)
Number of patients with herniated IVDs
at the level of L4-L5 24 (43) 1) <001
at the level of L5-S1 36 (64) 0
Number of patients with Modic changes (total) 47 (70) 1(5) <0.01
Modic 1 21 (45) 0 - 0’01
Modic 2 26 (55) 1(5) - 0’01
Modic 3 0 0 !
Index group
Characteristics of patients Me LQ-uQ
Disease duration, years 5 [2,0-10,0]
Duration of the last painful episode, weeks 6 [3,0-12,0]
Pain intensity (VAS, mm) 68 [48,0-88,0]
Variant of pain syndrome Abs. %
acute 12 18
chronic 55 82
Functional impairment severity (Backache Index
(BAI)
mild 11 18
moderate 16 24
severe 40 58

signal intensity, disc space narrowing, structural changes in
the disk, and blurring between the nucleus pulposus (NP) and
the annulus fibrosus (AF). IVD degeneration was graded in
accordance with the C.W. Pfirmann grading system (2001)
(grades 1-5). Grades 3, 4, 5 were treated as irreversible
damage to the disc, and grades 4, 5 were interpreted as
severe DDD.

The fragments of degenerative IVDs were obtained during
discectomy. Microparticles of IVD smaller than 1 mm? were
immediately immersed in the IntactRNA stabilization solution
(non-toxic aqueous fixative solution for rapid stabilization
of cellular RNA in tissues and cell cultures, preserving the
cell integrity), and the disc tissue samples were assigned
a barcode, identical to the barcode of the patient's blood
samples. The same molecular markers were identified in blood
and cartilalage tissue samples, selected in accordance with
the recent data based on the review articles and technical
accessibility of the laboratory diagnosis (DNA-Technology;
Russia). The abundance of mRNAs of the studied genes in
blood cells (white blood cells) and IVD tissue was defined by the
reverse transcription-quantitative polymerase chain reaction
method with the use of the reagent kits (DNA-Technology;
Russia). Amplification was performed in the DTprime 4 PCR
system (DNA-Technology; Russia).

Obtaining IVD tissue samples (1 mm?®): RNA was extracted
after cutting the cartilage with surgical blade (sterile disposable
surgical scalpel, manufactured by Huaiyin Medikal Instruments
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Co. Ltd., China). After cutting, the fragment sized 1 mm was
obtained, which was further grinded by the rubbing the conus
of the microcentrifuge tube against the Petri dish bottom
in order to obtain fine particles and molds. Then 320 pL of
the lysing solution from the Proba-NK kit (DNA-Technology;
Russia) were added to the dish. The contents of the dish
together with the crushed sample were transferred to the
Axygen microcentrifuge tubes (Axygen, Inc.; USA), and then
mixed using the Micro-Spin FV-2400 centrifuge/vortex (Biosan;
Latvia) for 5 s, and sedimented. Subsequently, this was left
to lyse for 1 h. After that RNA was isolated using the Proba-
NK kit (DNA-Technology; Russia) in accordance with the
manufacturer's guidelines. The extracted RNA in the amount of
16.5 pL was immediately used for reverse transcription, which
was performed at a temperature of 40 °C for 30 min, with
subsequent inactivation of reverse transcriptase at 95 °C for
5 min. The resulting cDNA solution was either immediately used
for quantitative PCR, or stored at —20 °C. The volume of 35 pL
was used for amplification with the real-time registration of the
results in accordance with the following program: 50 cycles
94°C—10s,64°C—20s, 72 °C — 10 s. Fluorescence was
measured during each cycle at a temperature of 64 °C.

The 4 ml blood samples were collected into the disposable
Vacutainer EDTA tubes (Becton Dickinson; USA) 24 hours before
surgery with subsequent blood processing in order to extract
white blood cells. To obtain the buffy coat, the Proba-Ficoll kit
for extraction of lymphocytes from the whole blood was used.
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Fig. 1. Patient K. aged 37 with BP and Pfirrmann grade 4 DDD at the level of L5-S1, with IVD herniation (arrow) and Modic type 1 changes in vertebral bodies (yellow

contour). T2-weighted and STIR images

RNA was isolated using the Proba-NK kit (DNA-Technology;
Russia) in accordance with the manufacturer's guidelines. RNA
extracted in the amount of 16.5 pL was immediately used for
reverse transcription, which was performed at a temperature
of 40 °C for 30 min, with subsequent inactivation of reverse
transcriptase at 95 °C for 5 min. The resulting cDNA solution
was either immediately used for quantitative PCR, or stored at
—20 °C. The volume of 35 yL was used for amplification with
the real-time registration of the results in accordance with the
following program: 50 cycles 94 °C — 10 s, 64 °C — 20 s,
72 °C — 10 s. Fluorescence was measured during each cycle
at a temperature of 64 °C.

The studied genes included TNFa, IL6, IL17, IL13, and
isoforms of vascular endothelial growth factor A (VEGF121,
VEGF165, VEGF189). Normalization genes were represented
by B2-microglobulin (B2m), and B-glucuronidase (GUSB).
Normalization values for each gene mRNA were calculated
by the AACt method [16]. The expression levels of the
gene mMRBNAs were expressed in arbitrary units in relation to
normalization genes (B2m, GUSB), which had the relatively
stable expression levels.

Statistical analysis

The nonparametric method (Mann-Whitney U test) was used
1o assess the statistical significance of the differences obtained.
Quantitative indicators were tested for normality using the
Shapiro-Wilk test. Qualitative indicators were compared using the
chi-squared test and the two-tailed Fisher's test for small samples.
The differences between groups were considered significant when
p < 0.01 and p < 0.05. Data analysis was performed using the
Statistica v 8.0, SPSS v.10, and Graph Pad Prism software.

RESULTS

Clinical and instrumental
characteristics of patients

Clinical characteristics of the young patients with BP
are presented in Table. The average pain intensity value
corresponded to 68 mm [48.0-88.0]. Acute pain (lasting
for a maximum of 12 weeks) was found in 18% of patients,
and 82% of patients had chronic pain. The median disease

*

{ 1]

1015-

=)

<

» 10

T>J 10 *

<@

> |5 H

7]

173

o

o 5

5 10

<

=z

o

€

10° 4

o w ~
- = =
= =
=

Reference II6 4
Reference 1117 o

Reference Tnf a4

1b 4

Vfa121 +
Vfa165 +
Vfa189 +

Reference ll1b 4
Reference Vfa 121 4
Reference Vfa 165 4
Reference Vfa 189 4

Genes

Fig. 2. Expression levels of mRNAs of the studied genes in relation to normalization genes (B2m, GUSB) in the IVD tissues of the index group patients and controls
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Fig. 3. Correlation between the TNFa mRNA expression levels in the IVD tissues and the Pfirrmann degeneration grades in the index group patients

duration in the latter was 5 years [2.0-10.0]. Based on BAI
values, 82% of patients had moderate and severe functional
impairment. The lumbar spine MRI showed the significant disc
space narrowing, blurring between NP and AF, and reduced
NP signal intensity. At the level of the operated disc, the IVD
degeneration grade corresponded to grades 4 and 5 of the
Pfirrmann grading system in 66% and 33% of the index group
patients, respectively. Herniation was localized at the levels of
L4-L5, L5-S1 at a ratio of 36 and 64%, respectively. In 70%
of patients, MRI at the level of the operated disc revealed
the altered intensity of the bone marrow MR signal on the
T2-weighted and STIR (short tau inversion recovery) images,
which indicated Modic type 1 changes, the bone marrow
edema (45% of patients) (Fig. 1), and Modic type 2 changes,
the fatty degeneration (55 %), in aimost equal proportions. In the
control group, Modic changes were found in only one patient
(5%) out of 20, and these changes were also associated with
severe DDD and asymptomatic IVD herniation. MRI revealed
the combination of IVD herniation with erosions of the adjacent
vertebral body endplates and Modic changes in 37 index group
patients (53.6%). Such a "triple combination" was associated
with longer BP duration (years), morning pain, and persistent
chronic pain with no "lucid intervals" (p < 0.05) compared to

patients with no erosions of the vertebral body endplates and/
or Modic changes. The index group patients and the controls
showed significant differences in the average Pfirrmann DDD
grades and the prevalence of Modic changes (4.4 and 2.8 for
DDD grades, 70 and 5% for Modic changes; p < 0.01). The
findings confirm the correlation of Modic changes with VD
herniation and severe DDD.

Abundance of mMRNAs of cytokines and vascular endothelial
growth factor isoforms in IVD tissues

Of all mMRNAs of the studied genes, encoding cytokines and
vascular endothelial growth factor isoforms, the TNFa, IL17,
VEGF121, and VEGF165 expression in the cartilage tissue was
significantly elevated (p < 0.01) compared to the control group
(Fig. 2). Juxtaposing the mRNA expression levels of all genes,
studied in the index group patients, with the IVD degeneration
Pfirrmann grades revealed a positive correlation between the
expression of TNFa and the IVD degeneration grades (r = 0.301;
p < 0.05) (Fig. 3). Despite the fact that the expression of the
IL18 mRNA showed no significant differences with the control
group, the abundance of this gene in the disc tissue correlated
with the disc degeneration severity (= 0.37; p < 0.05) (Fig. 4).
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Fig. 4. Correlation between the IL18 mRNA expression levels in the IVD tissues and the Pfirrmann degeneration grades in the index group patients
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and controls (p < 0.01)

From the perspective of the IVD matter disorganization
progression, it was interesting to assess the cartilage
vascularization markers in IVDs with grade 4 or 5 degeneration.
The significant negative correlation between the levels of
VEGF121 and the IVD degeneration grades (- = -0.85; p < 0.001)
was identified for vascular endothelial growth factors, which
could indicate the decreased angiogenesis intensity in the
discs of patients with the advanced stage DDD.

Analysis of gene abundance in blood cells

Further analysis was aimed to identify mRNAs of cytokines
and growth factors in peripheral white blood cells. Our study
revealed the significantly increased abundance of the genes,
encoding interleukins IL1, IL6 (p < 0.01) (Fig. 5). Analysis of the
relationship between the expression of the IL6 cytokine mRNA
in peripheral blood and the IVD degeneration grade showed the
dicrease in the cytokine levels in the discs with the advanced
IVD Pfirrmann degeneration grades (r = -0.347; p < 0.05),
which was indicative of the cytokine significant contribution to
degeneration at earlier stages.

Taking into account the high prevalence of Modic changes
in the vertebral bodies (70%) of the index group patients, we
assessed the relationship between the cytokine expression
levels and the presence of Modic changes. A significant
negative correlation between the IL6 levels in blood cells and
Modic type 1 and 2 changes was revealed (r=-0.31; p < 0.05),
which was indicative of the elevated cytokine expression at
the stage of inflammatory bone marrow edema compared to
the stage of fatty transformation within the adjacent vertebral
bodies. Individuals with a more severe lesion in their functional
spinal units, the triple combination (herniation + erosions of the
vertebral body endplates + Modic) (r = 0.401; p < 0.05), had
a higher expression of IL17 in their peripheral blood compared
to individuals having herniation only. Regardless of the low
abundance of angiogenic biomarkers in blood of patients with
BP, we decided to see whether the vascular endothelial growth
factor (isoforms 121, 165, 189) expression levels changed
depending on the IVD degeneration grades: significant negative
correlations were obtained for all three isoforms (r = -0.44;
—0.33, and -0.45, respectively; p < 0.05).

DISCUSSION

Studying the BP pathophysiology in young patients confirmed
the involvement of immune and inflammatory mechanisms in
disc degeneration. High expression of TNFa and TNFa receptors,
especially in the AF tissue, in patients with DDD, was also reported
by other authors [17, 18]. This specific cytokine was described
in experiments as an apparent inducer of matrix degradation,
especially at the early stages, compared to other mediators
[19]. The coupled expression of TNFa and IL17, identified during
our study, was found in two studies, conducted by Chinese
researchers, and confirmed by the effects of etanercept (inhibitor
of TNFa receptor), which was capable of quenching the entire
inflammatory cascade in the disc NP tissue [20, 21]. Pathogenetic
relationships between the immune inflammation and the disc
vascularization, observed during our study, were shown in the
overseas human and animal studies [22, 23].

Association of the elevated IL6 gene expression in
peripheral blood with Modic changes, and specifically with
the inflammatory bone marrow edema grade, was also shown
within the framework of the study, performed by Chinese
researchers: the expression of IL6 was significantly increased in
elderly patients with DDD and Modic type 1 changes compared
to patients with Modic type 2 changes [24]. The assessment of
changes confirmed the fact of the reactive aseptic spondylitis
in patients with severe DDD. Detection of the elevated IL17
expression in idividuals with the triple combination of lesions
in their functional spinal units suggests the existence of the
adverse clinical and instrumental phenotype of BP with the
immune marker at the systemic level.

It is known that, in accordance with the Pfirrmann grading
system, grade 5 of the IVD degeneration is characterized
by the dramatically decreased IVD height, hypointense and
nonhomogeneous signal from NP, which corresponds to severe,
almost total dehydration of NR together with the extracellular
matrix disintegration, replacement of the disc central space
with type | collagen, and blurring between NP and AF [25].
When distinguishing between the natural age-related disc
degeneration process and the abnormal disc degeneration,
we wish to emphasize the key role of inflammatory markers in
the second scenario, being particularly evident and manifesting
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as severe degeneration in young adults [26]. By the age
of 4, blood vessels and capillaries of the disc vanish, and
the disc becomes a completely avascular structure [27]. As
the “low-immune” inflammation develops in the IVD tissues,
neovascularization becomes the way of the immunocompetent
cells delivery from the systemic blood flow to the cartilage
tissue with subsequent activation of catabolic pathways [28]
and resorption of the tissue fragment that has fallen out of AF.
The vascular endothelial growth factor A (VEGF) is one of the
major regulators of angiogenesis. VEGF plays an important
role in physiological and pathological neovascularization
[29]. The VEGF expression is promoted by the activity of
chondrocytes, which form clusters within the NP. In grade 5
DDD, the disc might no longer have the NP along with the
rest of the NP cellular content, which is likely to disrupt the
angiogenesis stimulation pathway in this settings. These data
are consistent with the study, which has shown that the VEGF
angiogenic factor expression levels in IVD samples with mild
degenerative changes are significantly higher compared to
advanced degeneration grades [12]. Taking into account the
low reparative capacity of the disc with grade 5 degenerative
changes, the use of therapeutic bioengineering, involving
the application of tissue engineering and 3D VD scaffold
fabrication with subsequent cellular therapy, is the most
promising.
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LONG-TERM EFFECTS OF MULTIMODALITY LASER THERAPY IN PATIENT WITH DRUSENOID PIGMENT
EPITHELIAL DETACHMENT

Takhchidi KhP, Takhchidi NKh, Kasmynina TA, Mahno NA B
Pirogov Russian National Research Medical University, Moscow, Russia

Drusenoid pigment epithelial detachment is a condition characterized by separation of the retinal pigment epithelium from the underlying Bruch’s membrane due
to formation of drusenoid deposits. The disorder represents the intermediate stage of the age-related macular degeneration, and is a risk factor for the age-related
macular degeneration progression to late stage characterized by geographic atrophy, which results in the irreversible central vision loss. Management of patients
with this disorder is in most cases limited to follow-up. The feasibility of using the multimodality low power mode laser therapy for treatment of drusenoid pigment
epithelial detachment is reported. The results of laser photocoagulation of the retina demonstrate the morphological and functional recovery: retinal pigment
epithelial detachment sealing, improvement of visual function, and restored retinal architecture.
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OTOANEHHBIE PE3YNIbTATblI MPUMEHEHNA KOMBUHUPOBAHHOIO JIASEPHOI'O
NEYEHUNA OPY3EHOUAHOW OTCNTIOMKN PETUHANIBHOIO MUIMEHTHOIO SNUTENNA

X. T1. Taxuman, H. X. Taxunan, T. A. KacmbiHuHa, H. A. MaxHo B
Poccuirckunii HaumoHanbHbI CCRegoBaTenbCKN MeANLIMHCKUIN YHUBepceuTeT nmenHn H. V1. Muporosa, Mockea, Poccus

[py3eHovaHas oTcnoika peTuHaNbHOro MMrMEHTHOMO 3MUTENNS — NATONOMMHYECKOE COCTOSIHME, MPY KOTOPOM PETUHABHBIA MUIMEHTHbI SNUTENN OTAeNseTcs
OT noanexatlen MembpaHbl bpyxa Bcneactere 06pa3oBaHNs 1 HaKOMEHWst APy3eHOMAHOro Matepuana. 3aboneBaHve NpeacTaBnsieT Cobon NPOMEXYTOHHYO
CTafmio BO3PACTHOM MaKyNapHOW AereHepaumm, SBnaetcs akTopoM prcka NporpeccrpoBaHng BO3PaCTHOM MakynspHOM AereHepaLyn 4o No3aHen ctaum ¢
pasBuTMEM reorpatrHecKon aTpodum, YTO MPMBOAMT K HEO6PATUMOWN NOTEPE LiEHTPaNIbHOrO 3peHKst. B OCHOBHOM BefieH1e MauMeHToB C faHHOW naTonornen
CBOAUTCS K AVHaMUYeckoMy HabnoaeHuwto. MNpeactaBneHa BO3MOXHOCTb MCMONb30BaHNst KOMOVHUPOBAHHOIO N1a3epHOro NEYEHNst C HU3KOIHEPTETUHECKUMM
napamMeTpaMu npu NevYeHnn Apy3eHOUIHOVM OTCMOMKN PETUHANBHOrO MUIMEHTHOrO 3MUTENWst ceTdaTku. [onydYeHHble pe3ynsTathbl MPUMEHEHVSt Na3epHon
Koarynauum ceT4aTky CBUMAETENbCTBYIOT O BOCCTAHOBAEHUN MOPAOMYHKLMOHABHBIX Nokasatenen: NMMKBUAALMN OTCIONKN PETUHANBHOIO MUIMEHTHOro
ANUTENNS, MOBBILLEHWN 3PUTENBHBIX OYHKLMIA 1 BOCCTAHOBNEHNN MUKPOAPXUTEKTOHNKIM CETHATKN.

KnioyeBble cnoBa: Bo3pacTHas MakyfnsipHas [ereHepauyisi, Apy3eHouaHas OTCronka peTMHaIbHOro MMrMEHTHOMO aNUTENNS, CeTHaTKa, MUKPOUMINYbCHOE Na-
3epHOe BO3elNCcTBMe
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Currently, age-related macular degeneration (AMD) is among
the leading causes of the irreversible central vision loss,
occurring predominantly in the elderly. According to literature,
the prevalence of AMD among individuals aged 45-85 is
8.96%, with a predominance of the early stages of the disease
(8.01%) [1].

In accordance with the generally accepted classification
of the Age-Related Eye Disease Study (AREDS), AMD is
subdivided into four categories. The AREDS Category 1 (no
AMD) is characterized by no drusen or small drusen of less
than 63 pm in diameter. The AREDS Category 2 (early stage
AMD) corresponds to numerous small drusen, and/or a small
number of medium-sized drusen of 63-124 pm in diameter,
or initial changes in the retinal pigment epithelium (RPE). The
AREDS Category 3 (intermediate stage AMD) is characterized
by numerous medium-sized drusen, and/or one large druse of
more than 125 pm in diameter, or RPE atrophy, not affecting

the retinal center. The AREDS Category 4 (late stage AMD) is
characterized by atrophy of RPE and choriocapillaris layer in
the retinal center, and/or neovascular maculopathy [2].

Drusenoid pigment epithelial detachment (DPED), in which
RPE and its basement membrane are separated from the inner
collagen layer of the underlying Bruch’s membrane due to
formation and accumulation of drusenoid material, represents
the intermediate stage of AMD. This form of PED was originally
described by A. G. Casswell in 1985 [3, 4].

To date, pathophysiological mechanisms of DPED have
not been fully explored. It is believed that this disorder results
from the gradual increase and merging of the large number
of pre-existing soft drusen, which results in the focal retinal
detachment of at least 350 um in diameter. With increasing
DPED, the prolonged dissociation between the RPE cells and
the Bruch's membrane/choriocapillaris complex leads on the
one hand to the RPE cells' migration into the outer retinal layer,
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Fig. 1. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: RPE detachment (red arrow) with the height of 166 pm and the length of 1126
pum, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow), accumulation of subretinal hyperreflective deposits (green arrow). B. Left eye:
RPE detachment (red arrow) with the height of 173 um and the length of 2348 um, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow),

accumulation of subretinal hyperreflective deposits (green arrow)

and on the other hand to these cells' apoptosis. The long-
lasting DPED, associated with the decreased number and
alteration of RPE cells, results in photoreceptor dysfunction
and subsequent atrophy. Eventually, in case of DPED collapse,
the zone of complete RPE atrophy is registered, with the outer
neurosensory retina atrophy [5, 6].

In case of the long-lasting DPED with its subsequent
regression, the most common symptoms are as follows:
decreased visual acuity, metamorphopsia, difficulty or inability
to read up close. However, RPE detachment, identified at an
early stage, is characterized by preserved visual functions [5-8].

The use of the spectral-domain optical coherence
tomography (SD-OCT) in morphometric assessment of the
retinal layer changes in patients with DPED made it possible
to distinguish the risk factors for the disease progression,
such as height, volume, and diameter of the detached
RPE, as well as the presence of intraretinal and subretinal
hyperreflective material above the RPE detachment. These
risks were studied with regard to DPED located within 500
pm of the fovea [6, 7].

Currently, there are no efficient and safe treatment methods
for DPED. If this disorder is diagnosed, the management
of patients is in most cases limited to follow-up. However,
progression to late AMD is observed in the natural course of the
disease within 5 years (42% of cases), with the development of
geographic atrophy in the macular zone (19% of cases), which
results in irreversible vision loss, as well as in declined quality of
life, disability, and poor work ability prognosis [3, 7, 8].

Conservative treatment, which involves the use of
antioxidant medications, vitamins and minerals, fails to
prevent the AMD progression to advanced stages, which was
confirmed by research, and requires the constant use of these
medications throughout the patient's life [9].

The majority of studies on assessing the efficacy and safety
of using laser technologies in patients with intermediate AMD
were focused mostly on finding ways to slow down the disease
progression and to reduce the number of various soft drusen
types [10-15].

With regard to the high risk of DPED progression to late
AMD, with subsequent significant decline in the patients' visual
functions, finding the efficient and safe treatment method for
this disorder is relevant. The study was aimed to demonstrate
and assess the long-term morphological and functional effects
of multimodality laser therapy in a patient with DPED, observed
during the 5-year follow-up period.
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Clinical case

In June 2017, patient Sh. aged 74 presented with complaints
of diminished visual acuity in both eyes, metamorphopsia, and
trouble with close-up reading using both eyes at the Research
Center of Ophthalmology, Pirogov Russian National Research
Medical University. According to medical history, the above
symptoms have been troubling the patient for a year. In 2015,
cataract surgery, phacoemulsification and intraocular lens
implantation, was performed in the right and left eye.

Once admitted to the Center, the patient underwent a
comprehensive ophthalmic examination, which included
the standard diagnostic tests (visometry for uncorrected visual
acuity (UCVA) and best corrected visual acuity (BCVA), indirect
ophthalmoscopy with a MaxField indirect lens (Ocular Inc.;
USA)), specific assessment methods (microperimetry (MAIA
microperimeter, CenterVue Inc.; Italy), SD-OCT, and optical
coherence tomography angiography (OCTA) performed using a
Spectralis HRA+OCT, OCT-2 module at 85,000 Hz (Heidelberg
Engineering, Inc.; Germany)).

Laser photocoagulation was performed with the IRIDEX
IQ 577 ophthalmic laser system (IRIDEX Corporation,
MountainView; USA).

During the initial assessment the patient complained
of diminished visual acuity in both eyes, metamorphopsia,
and trouble with close-up reading using both eyes; UCVA of
the right eye (OD) was 0.3; BCVA was 0.7 OD, and those of
the left eye (OS) were 0.2 and 0.7, respectively. According to
micropirometry, the average central retinal sensitivity was 23.3
dB OD and 21.6 dB OS.

Slit lamp biomicroscopy and indirect ophthalmoscopy
in both eyes (OU) showed that the anterior segment was
intact; the well-centered intraocular lens was in the capsular
bag. The optic disc was pale pink, with well-defined margins.
Hypertensive angiopathy was revealed. There were numerous
prominent small yellowish round-shaped lesions with well-
defined margins in the macular zone. In the foveal zone,
expanding downwards into the parafoveal region, the there was
a large prominent pale-yellow oval-shaped lesion 1.5 times the
diameter of the optic disc with blurry margins and redistribution
of pigment, surrounded by large yellowish lesions with blurry
margins. Retinal periphery was intact.

SD-OCT OD revealed macular deformation. In the foveal
zone, the RPE detachment was visible with the height of 166
pm and the length of 1126 pm, with downward expansion into
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Fig. 2. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: RPE detachment (red arrow) with the height of 164 um and the length of
1081 pm, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow), accumulation of subretinal hyperreflective deposits (green arrow).
B. Left eye: RPE detachment with the height of 154 um and the length of 2286 um, with homogeneously hyperreflective deposits. Coalescent soft drusen (yellow arrow),

accumulation of subretinal hyperreflective deposits (green arrow)

the parafoveal region with the height of 218 pm and the length
of 1852 um, with homogeneously hyperreflective deposits,
together with the undulating RPE line, and the coalescent soft
drusen up to 125 pum in diameter. Subretinal hyperreflective
deposits were found above the detached RPE (Fig. 1A).

SD-OCT OS revealed macular deformation. In the foveal
zone, the RPE detachment was visible with the height of 173
um and the length of 2348 pm, with downward expansion into
the parafoveal region with the height of 190 pm and the length
of 1039 pm, with homogeneously hyperreflective deposits,
together with the undulating RPE line, and the coalescent soft
drusen up to 125 pum in diameter. Subretinal hyperreflective
deposits were found above the detached RPE (Fig . 1B).

OCTA image (OU) analysis revealed no evidence supporting
the choroidal neovascularization.

The following diagnosis was established based on the
patient's complaints, medical history, and the results of the
comprehensive ophthalmic examination: OU Age-related
macular degeneration, dry form, intermediate stage (according
to AREDS classification). Drusenoid pigment epithelial detachment.
Pseudophakia.

It was decided to perform the multimodality laser therapy,
which included grid laser photocoagulation with the lowest
possible energy settings to form the first degree coagulum. After
10 days the patient received three sessions of micropulse laser
therapy (every four weeks). Grid laser photocoagulation was
performed using the following settings: wavelength 577 nm,
power 50 mW, pulse duration 0.1 s, spot size 100 um; coagula
were applied throughout the area of the detached RPE, except
avascular zone, with a spacing of 150 ym. Micropulse laser
therapy was performed with the following settings: wavelength
577 nm, burst duration 30 ms, micropulse duration 50 ps,
pulse ratio 4.7%, spot size 100 um, power 50 mW; coagula
were applied throughout the area of the detached RPE, the
avascular zone was avoided.

One month after the multimodality laser therapy the
patient reported the improvement of visual acuity, however,
metamorphopsia persisted.

Ophthalmic examination showed that UCVA OD was 0.3,
BCVA OD had improved to 0.8, UCVA OS had improved to
0.3, and BCVA OS was 0.7. According to micropirometry, the
average central retinal sensitivity had improved to 24.1 dB
OD, and to 23.0 dB OS. Slit lamp biomicroscopy and indirect
ophthalmoscopy OU revealed no improvement: in the foveal
zone, expanding downwards into the parafoveal region, there
was still a large prominent pale-yellow oval-shaped lesion 1.5
times the diameter of the optic disc with blurry margins and

redistribution of pigment, surrounded by the large yellowish
lesions with blurry margins; the lightly pigmented coagula were
visible across the surface of the detached RPE.

According to SD-OCT OD, the macular deformation
persisted, and the RPE detachment reduction was observed.
In the foveal zone, the height of the RPE detachment reduced
from 166 to 164 um, and the RPE detachment length reduced
from 1126 to 1081 pm. In the lower parafoveal region the
height reduced from 218 to 211 um, and the RPE detachment
length reduced from 1852 to 1826 um. The homogeneously
hyperreflective deposits, together with the undulating RPE
line, and the coalescent soft drusen up to 125 pm in diameter
were found below the detached RPE. Subretinal hyperreflective
deposits were found above the detached RPE (Fig. 2A).

According to SD-OCT OS, the macular deformation
persisted, and the RPE detachment reduction was observed.
In the foveal zone, the height of the RPE detachment reduced
from 173 to 154 um, and the RPE detachment length reduced
from 2348 to 2286 pm. In the lower parafoveal region the
height reduced from 190 to 171 um, and the RPE detachment
length reduced from 1039 to 982 um. The homogeneously
hyperreflective deposits, together with the undulating RPE
line, and the coalescent soft drusen up to 125 pm in diameter
were found below the detached RPE. Subretinal hyperreflective
deposits were found above the detached RPE (Fig. 2B).

Three months after the laser treatment on the follow-up
examination the patient reported the improvement of visual
acuity, no metamorphopsia, and no trouble with the close-up
reading. Ophthalmic examination showed that UCVA OD and
OS was stable (0.3); BCVA OD and OS was 0.8. The average
central retinal sensitivity was stable (24.1 dB OD, 23.4 dB OS).
Slit lamp biomicroscopy and indirect ophthalmoscopy OU
revealed the following features: small yellowish round-shaped
lesions with well-defined margins in the macular zone, sporadic
large yellowish lesions with blurry margins, redistribution of
pigment; the lightly pigmented coagula were visible, the DPED
was completely regressed.

SD-OCT OD and OS revealed the restored macula, the
completely regressed DPED, undulating RPE line, sporadic soft
drusen, and accumulation of subretinal hyperreflective deposits
(Fig. 3A, B).

A year after the multimodality laser therapy the patient had
no complaints. Ophthalmic examination showed that UCVA
OD and OS was 0.3, BCVA OD had reached 0.9, and BCVA
OS was stable (0.8). According to micropirometry, the average
central retinal sensitivity OD improved to 25.7 dB, and the
average central retinal sensitivity OS was stable (23.9 dB). Slit
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Fig. 3. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: macula remains intact, undulating RPE line, sporadic hard drusen (blue
arrow), accumulation of subretinal hyperreflective deposits (green arrow). B. Left eye: macula remains intact, undulating RPE line, sporadic hard drusen (blue arrow),

accumulation of subretinal hyperreflective deposits (green arrow)

lamp biomicroscopy and indirect ophthalmoscopy OU revealed
small yellowish round-shaped lesions with well-defined margins
and redistribution of pigment in the macular zone, the lightly
pigmented coagula were visible.

SD-OCT OD and OS revealed the intact macula, the integrity
of retinal layers, and no evidence supporting the atrophy of the
retinal outer layer and RPE.

Ophthalmic examination performed three years later
showed that UCVA OD had improved to 0.4, UCVA OS
had improved to 0.3, and BCVA was stable (0.9 OD, 0.8 OS,
respectively). The average central retinal sensitivity OD was
stable (25.7 dB), and the average central retinal sensitivity OS
had improved to 24.0 dB. Slit lamp biomicroscopy and indirect
ophthalmoscopy OU revealed small yellowish round-shaped
lesions with well-defined margins, redistribution of pigment,
and the lightly pigmented coagula in the macular zone.

SD-OCT OD and OS revealed the intact macula, the
integrity of retinal layers, and no atrophy of the retinal outer
layer and RPE.

Five years after the multimodality laser treatment the follow-
up examination revealed stable morphological and functional
effects, the patient had no complaints. Ophthalmic examination
showed that UCVA OD was 0.4, UCVA OS was 0.3, BCVA OD
was 0.9, and BCVA OS was 0.8. According to micropirometry,
the average central retinal sensitivity OD was 24.8 dB, and the
average central retinal sensitivity OS was 24.3 dB. Slit lamp
biomicroscopy and indirect ophthalmoscopy OU small yellowish
round-shaped lesions with well-defined margins, redistribution of
pigment, and the lightly pigmented coagula in the macular zone.

SD-OCT OD and OS revealed the intact macula, the
integrity of retinal layers, and no atrophy of the retinal outer
layer and RPE (Fig 4A, B).

OCTA image (OU) analysis revealed no evidence supporting
the choroidal neovascularization.

Clinical case discussion

Currently, there is no generally accepted treatment strategy
for drusenoid pigment epithelial detachment. Literature
analysis has shown that the disorder is the risk factor for AMD
progression to late stage characterized by geographic atrophy,
which results in the irreversible central vision loss.

A number of authors reported the cases of using
photodynamic therapy with verteporfin [16], intravitreal
injections of angiogenesis inhibitors [17], high-dose statin
therapy [18] for treatment of DPED. These methods contributed
to the reduction and regression of RPE detachment throughout
the one-year follow-up period. However, the long-term efficacy
and safety of the methods had not been explored.

The clinical trials on using the laser technologies in patients with
the intermediate stage AMD were focused on assessing the feasibility
of reducing the number of drusen and slowing the progression of
the disease; in the majority of cases the follow-up period was three
years. According to a number of authors, encouraging results in
the form of the reduced drusen volume were achieved when using
laser photocoagulation. However, side effects can develop when
using the high energy laser treatment, such as photoreceptor layer
death, formation of central and paracentral scotomas, progression
to geographic atrophy, choroidal neovascularization, and subretinal
fibrosis [10, 11]. Low power mode laser therapy was used in the
reported case in order to prevent the listed above complications
and provide a positive clinical impact.

Currently, a number of subthreshold laser therapy methods
are used allowing one to selectively and precisely affect the RPE

Fig. 4. Spectral-domain optical coherence tomography image of the fovea. A. Right eye: macula remains intact, undulating RPE line (orange arrow), sporadic hard
drusen (blue arrow). B. Left eye: macula remains intact, undulating RPE line (orange arrow)
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cells only and thus reduce the risk of adverse alterations
in the retina and choriocapillaries. The use of these laser
therapy methods in patients with the intermediate stage
disorder reduced the number of drusen, contributed to drusen
resorption and visual acuity improvement, but did not seem to
have much effect in terms of slowing the disease progression
to geographic atrophy or choroidal neovascularization.
According to the LEAD study, no correlations between the use
of laser technologies and the complications, such as retinal
hemorrhages, nascent geographic atrophy, and photoreceptor
layer atrophy, were revealed [12, 13].

We used a combination of two laser procedures with different
mechanisms of action in order to improve the morphological
and functional treatment outcome in patients with DPED. The
first step was grid laser photocoagulation aimed at activating
the RPE pumping function, as well as at improving the retinal
architecture and enhancing the structural support provided by
Muller cells through the chorioretinal adhesion creation. The use
of micropulse laser therapy allowed us to selectively target the
RPE cells avoiding damage to the retinal neuroepithelium. The
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LASER TREATMENT OF MACULAR RETINAL FOLDS IN LATE POSTOPERATIVE PERIOD AFTER RETINAL
DETACHMENT REPAIR
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Pirogov Russian National Research Medical University, Moscow, Russia

Macular retinal folds are a rare yet grave complication of surgical rhegmatogenous retinal detachment repair. Clinical symptoms vary depending on the location
and severity of folding. Fold located in the periphery of the ocular fundus can be asymptomatic, but macular retinal folds cause diminished visual acuity and
metamorphopsia. Currently, the most effective treatment for retinal folds is repeat surgery. Its serious disadvantage is the risk of complications in the early
postoperative period, including hemophthalmia, inflammation, secondary glaucoma, cataracts, RRD recurrence, macular tears, retinal vascular occlusion, etc.
The clinical case described below demonstrates the potential of combination laser therapy for the treatment of macular retinal folds based on the use of modern
diagnostic and therapeutic methods.
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NASEPHOE JIEYEHUE MAKY/IAPHOW PETUHAJIBHOW CKNAOYATOCTU KAK OCNIOXXHEHUA
B OTAAJIEHHOM MOCNEONEPALVMOHHOM MNEPUOAE BELEHUA OTCJIONKU CETHATKU

X. M. Taxamay, E. X. Taxumau, T. A. KacMbiHuHa, E. 1. TebuHa ™
Poccuninckmin HaumoHanbHbIN MCCNeAoBaTENBCKN MEQULIMHCKUN YH1BEPCUTET nMeHn H. U. Tnporoea, Mocksa, Poccus

MakynspHas peTuHanbHasi CKnanqatocTb SBASETCS PEAKVM, HO CEPbE3HbIM OCIIOXKHEHNEM MOCEe ONepaTUBHOMO NEYEHNst PErMaTOreHHO OTCOVKMA CEeTHaTKM.
TSHKECTb MPOSBNEHUST KIMHUYECKIX CUMITOMOB, BbI3BaHHbIX PETUHAIBHOM CKIaA4aTOCThIO, 3aBUCUT OT €6 PACMONIOKEHVIS U CTEMEHWN BbIPaXXEHHOCTU. B cnyyae
floKaNM3aLmn CKNaavaTocT Ha neprdepnin rMasHoro aHa 3abonesaHrie MOXET NpoTeKaTb 6ECCUMMITOMHO, OAHAKO MPY PACMONOXKEHN CKNaAoK B Maky sipHON
30HE MPUBOAWT K CHYKEHNIO OCTPOTbI 3PEHMS N MOSIBNEHUIO MeTaMopdoncuii. B HacTosiLee Bpems Hanbonee aphekTUBHbIM METOLOM NEeYeHUst PETUHABHBIX
CKIaIoK SBIISETCS MOBTOPHOE OrepaTuBHoe neveHne. OOHaKO ero HEAOCTATKOM SBMSIETCA Ha/MYME PUCKOB Pa3BUTYSI OCTIOKHEHNIA B PaHHEM MOCTeonepaLioOHHOM
nepvioge: reMoTasnbma, BOCNaMTeNbHbIX MPOLECCOB, BTOPUYHONM MayKOMbI, KaTapaKkTbl, PELMAVBOB OTCIONKY CETHaTKM, MaKynsapHbIX paspbiBOB, OKKIIO3MI
COCyAOB ceTHaTkm 1 Ap. MpeacTasneHHbIn KIMHUHECKNIA CryHain AeMOHCTPUPYET BOBMOXXHOCTb MPUMEHEHVIS KOMBUHMPOBAHHOIO 1a3epHONo IeHeHVis y naumjeHTa
C OCNOXXHEHVEM B BUE MaKySISPHON PETVHABHOM CKIIaaHaToCTL, C MCMOMb30BaHNEM COBPEMEHHBIX METOAOB ANArHOCTUKIA 1 NIEHYEHUS.

KrtoueBble cnoBa: MakynsipHas peTvHabHast CKNaa4aToCTb, asepHast Koarynsuys, perMaToreHHas OTCoka CeTHaTkuy, MUKPOVMIYSICHOE Nas3epHoe BO3AENCTBIE

Bknap aBTopos: X. 1. Taxuman — KOHLEeNuWs 1 avaaiiH NCCneaoBaHvs, pefakTupoBanmne TekcTa; E. X. Taxumnay — aHanma nutepatypHbix gaHHbix; E. . TebuHa —
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Macular retinal folds are a rare yet grave complication of
surgical rhegmatogenous retinal detachment (RRD) repair [1].
Macular folds were first described by Pavan in 1984 following
a scleral buckling procedure combined with intravitreal gas
tamponade. The literature on retinal folds associated with RRD
surgery is scarce and mostly comprises clinical case reports. In
1991 Van Meurs et al. analyzed the outcomes of RRD surgery
in 137 patients; of them, 4 (2.8%) patients had developed
retinal folds. According to a 2011 publication by Isaico et al., 3
(1.96%) of 153 examined patients had retinal folds after surgical
RRD repair. The primary risk factors for postoperative retinal
folds include intraocular gas injection, acute RRD, large wide
explants, bullous RRD with tears in the superior quadrants,
transscleral drainage of subretinal fluid, and RRD extending
into the macular zone [1-6].

Clinical symptoms vary depending on the location and
severity of retinal folding. Macular retinal folds manifest as visual
field defects, diplopia, metamorphopsia, and reduced visual

acuity, whereas peripheral retinal folds can be asymptomatic
[3, 6-10].

Until recently, retinal folds were classified in the literature
by their location (posterior and macular), shape and orientation
(arcuate), pathogenesis (compression folds), clinical features
(dry) or were referred to simply as retinal folds [11].

Then, retinal fold morphology was elucidated by optical
coherence tomography (OCT). Two types of retinal folds were
distinguished: partial-thickness (involving the inner or outer
retina) and full-thickness folds. The latter involve all layers of the
retinal neuroepithelium and appear as a convex, deformed retina
on OCT images. OCT features of the full-thickness retinal fold
include contact between the basal segments of adjacent retinal
layers, disorganized retinal architecture, structural changes in
the external limiting membrane, the connecting cilium between
the outer and inner photoreceptor segments, the outer nuclear
layer, the outer plexiform layer and not uncommonly in the
overlying layers, as well as formation of hyperreflective areas
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[11, 12]. Inner retinal folds involve the inner retinal layer and
appear on OCT as a pronounced distortion of the retinal profile
presenting as internal limiting membrane to internal limiting
membrane apposition. Outer retinal folds appear as multiple
small vertically oriented hyperreflective lesions over the retinal
pigment epithelium (RPE), extending into the outer nuclear
layer [11, 12].

According to the literature, there is no unified treatment
strategy for retinal folds. The outcomes also vary, from
complete resolution of the fold and visual function recovery
to partial regression with minimal or moderate vision recovery
to severe irreversible retinal damage. In most cases, macular
retinal folds persist causing irreversible loss of visual acuity and
metamorphopsia [3-6, 10, 13]. Besides, patients with previously
stable retinal folds are reported to develop late recurrent retinal
detachment resulting from proliferative vitreoretinopathy, which
in turn may be caused by retinal folds [5].

Considering the high risk of intra- and postoperative
complications after repeat vitreoretinal surgery, it is important to
develop a non-invasive pathogenetic treatment for retinal folds
that would minimize potential damage to the sensory retina.

Currently, laser technologies are being increasingly used for
treating retinal pathology. Retinal grid laser photocoagulation
with spots applied in the checkerboard pattern and spaced
> 1 spot size apart is a popular technique for enhancing the
structural support provided by Muller cells and improving
retinal architecture by creating chorioretinal adhesions. Active
and sustainable retinal tissue regeneration can be achieved
through micropulse laser therapy [14, 15]. Below we report the
use of combination laser therapy for the macular retinal fold
developing in the late postoperative period after surgical RRD
repair.

Clinical case
In October 2020, a male patient presented with complaints

of metamorphopsia and diminished visual acuity in the
right eye at the Research Center of Ophthalmology, Pirogov

OPUIMMHAJTIbHOE NCCJIEQOBAHWE | HEBPOJIOINA

Russian National Research Medical University. According
to his medical records, in August 2020 the patient had
undergone microinvasive subtotal vitrectomy with intravitreal
perfluorocarbon liquid (PFCL)/gas injection and received an
intraocular lens implant for RRD in the right eye.

Once admitted to the Center, the patient underwent a
comprehensive ophthalmic examination. Standard diagnostic
tests included visometry for uncorrected visual acuity (UVA) and
best corrected visual acuity (BCVA) and indirect ophthalmoscopy
with a MaxField indirect lens (Ocular Inc.; USA). In addition,
optical coherence tomography was performed using a Spectralis
HRA+OCT platform (Heidelberg Engineering GmbH.; Germany).

Laser photocoagulation therapy was delivered using
a VISULAS Trion work laser station (Carl Zeiss; Germany)
operated at 577 nm wavelength.

During the initial examination the patient complained of
metamorphopsia and diminished visual acuity in his right eye.
UVA of the right eye (OD) was 0.05; BCVA was 0.7 for OD and
1.0 for the left eye (OS).

Ophthalmic OD biomicroscopy revealed that the anterior
segment was intact and the intraocular lens was well centered.
The optic disc was pale pink, with well-defined margins. A PFCL
bubble was visible peripapillarily on the nasal side. Pronounced
retinal folding ending with a subretinal PFCL bubble extended
from the temporal optic disc margin toward the 8 o’clock plane
(Fig. 1). The caliber of the retinal vessels was unchanged.
Cellophane maculopathy also known as epiretinal membrane
was visualized paravasally along the course of the superior
and inferior temporal arcades. Laser-sealed retinal breaks were
present in the upper quadrant of the peripheral

Of all OCT images of the right eye, the most informative in
terms of postoperative dynamics were scan A (Fig. 2A) and the
next scan B passing 250 um higher, closer to fovea (Fig. 2B).

Considering the patient’s complaints, his medical history
and the results of the comprehensive ophthalmic examination,
the following diagnosis was established: operated RRD in the
right eye complicated with macular retinal folding; epiretinal
membrane; avitria; artiphakia.

Fig. 1. The panoramic image of the right ocular fundus. A 756-um PFCL bubble is visible peripapillarily on the nasal side (yellow arrow). A tight 633-pm-wide retinal fold
extends from the temporal margin of the optic disc toward the 8 o’clock plane (white arrow) ending with a subretinal PFCL bubble sized 977 um (red arrow). The fold

involves half of the macular zone, predominantly its lower part
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Fig. 2. Retinal spectral-domain optical coherence tomography scans of the right eye. A. The macula looks deformed, the foveal contour is normal (foveal depth: 185
um, retinal thickness in the fovea: 192 um); parafoveally, on the nasal side, the retina has a convex configuration showing a dominant retinal fold up to 637 pm in height,
the retinal architecture looks grossly disorganized (changes involve the external limiting membrane, the connecting cilium between the inner and outer photoreceptor
segments, the outer nuclear layer, and the outer plexiform layer). B. The macula is flattened; foveal depth: 106 pm, retinal thickness: 284 um; a dominant full-thickness
retinal fold up to 601 pm in height with gross retinal structure disorganization is visualized on the nasal side, further from the foveal margin. C. A multispectral image.

Pronounced 633-pm-wide retinal folding extends from the temporal margin of the optic disc toward the 8 o’clock plane (white arrows)

In December 2020, a decision was made to perform
laser microsurgery on the patient in order to restore the
architecture of the macular zone, flatten the folds, and improve
the morphology and function of the retina. The combination
treatment was delivered in several steps. In the first step, the
patient underwent grid laser photocoagulation. The burns were
applied along the course of the retinal fold and under it in the
checkerboard patternin 3 to 4 rows depending on the severity of
the fold; the avascular zone was avoided. The laser workstation
was operated at the lowest possible settings to ensure the
lowest intensity of coagulation: power 50 mW, pulse duration
0.05 s, spot diameter 100 ym, wavelength 577 nm, spacing
150 pm. Single laser spots were applied paramacularly along
the upper edge of the macula. Additionally, laser coagulation
was performed on the epiretinal membrane along the course
of the superior and inferior temporal vascular arcades. In the
second step, the patient received 3 sessions of micropulse
laser therapy (wavelength 577 nm, burst duration 30 ms,
micropulse duration 50 ps, pulse ratio 4.7%, spot diameter
100 pm, power 50 mW.

Two months after surgery, the comprehensive ophthalmic
examination revealed a slight improvement, although no
significant morphological and functional changes were observed.

Four months after the intervention, the patient reported a
significant reduction of metamorphopsia. His UVA and BCVA had
improved to 0.2 and 0.7, respectively. Ophthalmic biomicroscopy
of the right eye revealed the intact anterior segment and the
well-centered intraocular lens. The fold in the central zone had
flattened and was now 921 pm wide (Fig. 3B). Paramacularly
and along the retinal fold, weakly pigmented coagulation spots
were visible. The caliber of the retinal vessels was unchanged.
Paravasally, weakly pigmented coagulation spots were present
in the epiretinal membrane area. Changes in the retina can be
clearly seen on the follow-up OCT scans (Fig. 3A, B).

Six months later on another follow-up examination the
patient reported the absence of metamorphopsias in the right
eye; UVA: 0.2; BCVA: 0.7. On ophthalmic biomicrosopy the
anterior segment was intact, the intraocular lens was well-
centered. The optic disc was pale pink, with well-defined
margins. The retinal folds had unfolded, the dominant retinal
fold was not visualized. A slight undulation (up to 1.371 pmin
width) was visualized on the retinal surface where retinal folding
had been previously observed (Fig. 4B). Weakly pigmented
coagulations spots were present in the epiretinal membrane
area, except for the avascular zone. Changes in the retina can
be clearly seen on the follow-up OCT scans (Fig. 4A, B).

Fig. 3. Retinal spectral-domain optical coherence tomography scans of the right eye. A. The macular profile is restored; the fovea is flattened: foveal depth 134 pum,
retinal thickness in the fovea 240 pm; parafoveally on the nasal side, the retinal fold has diminished in height from 637 to 487 um; the structural organization of the
retinal layers appears partially restored; microfolds are visualized in the inner retinal layers paramacularly on the temporal side. B. The foveal contour is clear; foveal
depth has increased to 142 um, retinal thickness in the fovea has decreased to 243 pm; parafoveally on the nasal side, the retinal fold has diminished in height from
601 to 473 pm, the structural organization of the retinal layers looks partially restored. C. Infrared image. In the central zone, the folds have become less pronounced
and flattened to 921 pm in width (white arrow)
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Fig. 4. Retinal spectral-domain optical coherence tomography scans of the right eye. A. The macular profile is restored, the fovea is flattened; foveal depth has
decreased to124 um, retinal thickness in the fovea has increased to 273 um; paramacularly, on the nasal side, intraretinal coagulation spots are visible at the RPE level
(red arrow). B The macular profile is restored, the fovea has a clear contour; foveal depth: 160 um, retinal thickness in the fovea: 224 um, the structural organization of
the retinal layers is restored; paramacularly on the nasal side microfolds are visible in the inner retinal layers. C. A multispectral image: the retinal folds have unfolded
(white arrow), weakly pigmented coagulation spots are visible in the macular zone, except for the avascular area, and in the epiretinal membrane area.

Clinical case discussion

Retinal folds are a clinically important complication of surgical
RRD repair. Few attempts have been reported to surgically
treat retinal folds, including macular folds of different etiology
[2, 16, 18]. There is no clear guidance on the timeframe and
indications for repeat surgery. Experiments conducted in
vivo have demonstrated that apoptosis of the photoreceptor
layer and thinning of the outer nuclear layer start a week after
macular translocation [18].

Repeat surgery is often delayed because retinal folds can
be diagnosed no sooner than gas injected in the vitreous cavity
is reabsorbed. Another reason is the risk of complications
in the early postoperative period, including hemophthalmia,
inflammation, secondary glaucoma, cataracts, RRD recurrence,
macular tears, retinal vascular occlusion, etc. [11, 17, 19].

This study describes an alternative to vitreoretinal surgery: a
combination laser therapy involving 2 interventions with different
mechanisms of action. The proposed treatment method has
indisputable advantages like non-invasiveness, low injury rate,
and lack of serious complications or adverse effects. Due
to the gradual topographically directed effect of grid laser
photocoagulation, we were able to unfold the retina, restore
the position of the macula and its functional and morphological
characteristics. Paramacular tissues (the dominant retinal fold)
flattened out, and retinal thickness and structural organization
were recovered. The macular profile shifted to its normal
microtopographic position, becoming more clearly visible on
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OCT scan B (Fig. 3B); foveal depth and width also normalized.
The patient’s metamorphopsia (distorted vision) resolved, his
uncorrected visual acuity and the ability to use binocular vision
improved. In addition, micropulse laser therapy prolonged
tissue regeneration.

Summing up, the coagulation effect of laser energy applied
locally to achieve controlled retinal stretching causes shifting of
retinal microlayers, reorganizing the architecture of the macular
zone. Low-dose exposure of the affected retinal zones to
micropulse laser energy activates prolonged regeneration.

The proposed method produced pronounced
morphofunctional effects on macular retinal folding, which
develops in the late postoperative period after retinal
detachment repair.

CONCLUSION

The proposed combination laser treatment of macular folds
developing in the late postoperative period after RRD repair
significantly improved the morphofunctional characteristics
of the eye. The application of transpupillary laser surgery to
ophthalmological practice broadens the arsenal of methods for
noninvasive correction of RRD associated with macular retinal
folds

The study demonstrates the potential of laser microsurgery
(atthe micronlevel) for correcting the damaged microtopography
and microarchitecture of the macular retina, ensuring recovery
of normal functions of the eye.
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USING MOTION CAPTURE ANALYSIS FOR ASSESSING LOCOMOTION AFTER
ARTHROSCOPIC ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION

Mozheyko EYU'™, Pavlov AO?, Chistov MA', Khramchenko MA', Gurevich VA!

" Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russia
2 Federal Siberian Research and Clinical Center of FMBA, Krasnoyarsk, Russia

An anterior cruciate ligament tear is one of the most common injuries to the capsular ligament apparatus of the knee necessitating operative treatment. Postoperatively,
patients with anterior cruciate ligament injuries develop a pathologic gait pattern. Today, innovative diagnostic and rehabilitation methods for patients with gait
disturbances associated with such injuries are in high demand. Below, we present a case of using 3D motion capture analysis for the personalized assessment of
gait function in a patient with the reconstructed anterior cruciate ligament two months after surgery. The analysis revealed that the patient had a slower, shorter,
wider step with longer step intervals than the healthy subject; the flexion and extension amplitude in the large joints of the operated leg was smaller than in the
healthy contralateral leg. Motion capture analysis can be used to assess the postoperative dynamics in patients with anterior cruciate ligament tears.
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NCNOJIb3OBAHME BUAEOAHAJIN3A OBVKEHUI MPW OLIEHKE JIOKOMOTOPHbIX ®YHKLUMIA NOCNE
APTPOCKOINNYECKOW PEKOHCTPYKLUMN NEPEOHEN KPECTOOBPA3HOW CBA3KU
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PaspbiB nepefHein KpecToobpasHO CBSA3KN — OLHO 13 HanbOosee YacTo BCTPEYAOLLMXCS MOBPEXAEHWI KarnCyNbHO-CBA304HOO annapara KONeHHOro CycTasa,
TPeObyoLLWIA ONepaTUBHOMO NeveHns. B xode AMTensHOro nepropa peabunmtaumm nocne PekoHCTPYKTUBHBIX onepaLyin Npy AaHHOM Bue TpaBM y nauveHTa
hopmrpyeTcs xapakTepHblii ABUraTeNbHbIN NaTTepH. Ha cerogHALWHWIA AeHb MPYMEHEHKE MHHOBALMOHHbIX OO bEKTUBHbBIX METOAOB ANArHOCTUKM 1 peabunmntaumm
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crmbanmns-pasrnbanHns B KPYrHbIX CycTaBax OrnepupOBaHHON HKHEN KOHEYHOCTU MeHbLLE, YeM B KOHTPMaTepasibHOM HKHEN KOHEYHOCTV naumneHTa. MeToq,
MOXET ObITb MCMOMB30BaH B aHanM3e AVHaMVIKY BOCCTaHOBUTENIBHOMO JIeYeHMst MOCe OnepaTyiBHbIX BMeLLAaTeNbCTB MpY paspbiBe KPeCTOOOpa3HbIX CBSA30K
KONIEHHOrO CycTaBsa.
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An injury to the knee ligament apparatus is a pathology that
involves one or more ligaments of the knee joint [1]. It is more
prevalent among young able-bodied working-age men actively
engaged in sports and exercise and is one of the most common
traumatic and orthopedic injuries that compel the patient to
seek medical help [1, 2].

The most common injury to the capsular ligament apparatus
is an anterior cruciate ligament tear, affecting 30-35 people per
100,000 population [1].

Cruciate ligaments are fibrous bands of connective tissue
that connect the femur and the tibia and limit excessive tibial
mobility [3].
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Most often, anterior cruciate ligament injuries are noncontact
and occur during sudden knee joint rotation with the foot firmly
planted [1, 4]. Many isolated ligament injuries are consequences
of sports injuries caused by a rotational mechanism [5].

The following procedures are used to establish a diagnosis
of anterior cruciate ligament tear: history taking, the Lachman
test, the Anterior and posterior drawer tests of the knee,
radiography of the knee joint (anterior, posterior and lateral
views), and magnetic resonance imaging (MRI) of the knee
joint [4].

Motion capture analysis (MCA) of gait provides valuable
diagnostic data about the patient’s locomotion patterns. It
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Table 1. Characteristics of gait speed and rhythm in the patient with injuries to the knee ligament apparatus and the healthy subject

Patient with anterior cruciate ligament tear Healthy subject
MCA parameters

Left leg Right leg Both legs Left leg Right leg Both legs
Cadence (steps/min) 94,4 + 2,91 96,7 + 3,78 95,5 + 3,51 116,88 +3,25 | 117,56 + 4,12 | 117,22 + 3,68
Lead toe off (% of the gait cycle) 62,0 + 1,54 62,9 + 2,87 62,4 +2,29 60,10 + 1,79 60,90 +2,16 | 60,60 + 1,97
Initial contact, lead foot (% of the gait cycle) 49,80+ 1,62 | 50,10+2,32 | 49,90 +1,96 | 49,90 + 1,13 50,10 + 1,75 49,9 + 1,56
Contralateral toe off (% of the gait cycle) 12,40 + 0,71 12,80 + 0,96 12,60 + 0,85 9,80 + 0,94 10,90 + 0,85 10,50 + 0,96
Single support time (s) 0,48 + 0,021 | 0,46 +0,038 | 0,47 + 0,031 0,41 + 0,026 0,44 + 0,020 | 0,43 + 0,025
Double support time (s) 0,31 +0,023 | 0,32+0,020 | 0,32 + 0,021 0,21 + 0,023 0,25 +0,018 | 0,23 + 0,021
Step time (s) 0,64 + 0,031 [ 0,62+0,040 | 0,63+0,036 [ 0,51 +0,027 0,56 + 0,028 | 0,54 + 0,028
Stride time (s) 1,27 £ 0,042 | 1,24 +0,049 | 1,26 + 0,047 1,02 + 0,044 1,12 £ 0,040 | 1,08 + 0,048
Step length (m) 0,61+0,021 | 0,62+0,016 | 0,61+0,020 | 0,68 + 0,033 0,75+0,016 | 0,72 + 0,027
Step width (m) 0,20 + 0,018 | 0,20+ 0,010 | 0,20 + 0,015 | 0,07 + 0,012 0,07 + 0,010 | 0,07 + 0,011
Stride length (m) 1,21 +0,023 | 1,23+0,030 | 1,22+ 0,029 1,36 + 0,014 | 1,51 +£0,0071 | 1,45+ 0,011
Walking velocity (m/s) 0,95+ 0,042 [ 0,99 +0,057 | 0,97 + 0,053 1,24 + 0,028 1,44 £ 0,025 | 1,34 + 0,028

relies on the computer analysis of movements in which image
acquisition is performed in a cableless, noncontact fashion [6].

Today, passive markers are widely used in clinical motion
capture analysis. Passive markers are reflective sensors that
are attached to the patient’s body; the signals emitted by
the sensors are captured by the video camera. The acquired
data are transmitted to the computer for further processing.
Finally, a report is generated that is subsequently used to
analyze the linear and angular kinematics of the patient’s
movements [7].

MCA requires that, since a plane is defined by 3 points,
there should be at least 3 reflective markers in the field of view
of at least 2 cameras [8].

To measure the physical characteristics of the studied body
segments, calibrating markers are attached to the subject. So
far, reference standards have been elaborated for movements

of the foot, tibia, femur, pelvis, spine, wrist, forearm, and
shoulder [9].

At present, MCA is being actively used to uncover the
mechanisms of noncontact injuries to the anterior cruciate ligament
of the knee joint [10]. 3D MCA has been proposed for adoption into
clinical practice as a tool for monitoring rehabilitation in patients with
knee joint injuries and assessing the risk of re-injury [11].

The clinical case described below illustrates a personalized
MCA-based assessment of locomotor function in the patient
with anterior cruciate ligament tear.

Clinical case
Patient I., aged 21 years, was diagnosed with a complete

anterior cruciate ligament tear of the left knee joint and a partial
posterior cruciate ligament tear. On January 19, 2021 the patient
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Fig. 1. Hip flexion and extension during one cycle in the patient with injuries to the knee ligament apparatus (top) and the healthy subject (bottom)
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Table 2. Mean hip flexion and extension angles and amplitudes during one gait cycle in the patient with injuries to the knee ligament apparatus and the healthy subject

Patient with injured knee ligament apparatus Healthy subject
Left leg Right leg Left leg Right leg
Me [P,g; Pel
-13,71 -18,08 -17,79 -16,28
Angle 1
[-15,03; -13,0] [-18,59; -17,63] [-16,79; -15,26] [-16,63; -15,93]
23,3 24,43 34,52 32,66
Angle 2
[22,27; 24,48] [23,62; 25,84] [33,16; 35,19] [31,07; 33,16]
A 37,62 42,68 50,1 48,84
[35,51; 38,56] [41,09; 43,83] [49,57; 50,72] [47,86; 49,67]

underwent arthroscopy of the left knee joint, resection of the
remnant anterior cruciate ligament tissue, reconstruction of the
anterior cruciate ligament with a peroneus longus autograft and
autograft fixation with 19 PEEK Interference Screws (Arthrex;
USA). The postoperative course was unremarkable. The patient
received conservative treatment, which included antibiotics,
analgesics, anticoagulants, and dressings. The knee joint was
immobilized with a knee brace; the patient was using crutches
for support when walking. On discharge, the patient’s condition
was satisfactory.

Preoperative MRI performed on December 3, 2020
revealed an impression fracture of the lateral femoral
condyle; trabecular edema of the lateral tibial condyle,
the intercondylar area and the medial femoral condyle;
synovitis and suprapatellar bursitis; MR features of injury
to the anterior cruciate ligament and ligamentitis of the
medial collateral ligament; moderate degenerative changes
of the anterior and posterior horns of the medial meniscus;
periarticular soft tissue edema.

Subject V., aged 22 years, had no health complaints
regarding their musculoskeletal system, no medical history

of lower limb surgery or injury and was comparable with patient
I'in terms of their anthropometric characteristics.

The patient and the healthy subject were tested at the
Laboratory of MCA at the Federal Siberian Research and
Clinical Center (FMBA, Russia) using a Vicon Motion Capture
Systems (Vicon; UK). The system consisted of 12 infrared T20
video cameras, 3 force plates, a Vicon GigaNet connectivity
device, a computer with installed software for video signal
capture and processing (Nexus ver. 1.7.15) and software for
generating reports (Polygon ver. 3.5.1).

The testing included several stages. First, anthropometric
measurements were taken to map the sizes of the patient’s
body segments to the computer model. Then, reflective markers
were attached to the subject’s bony landmarks. The patient
and the subject were asked to walk at their usual speed on 3
force plates. During the test, the video cameras captured the
spatial positions of the markers and the force plates recorded
the ground reaction force. Each participant performed at least
10 gait cycles on 3 force plates.

The following changes in gait characteristics were observed
in the patient with an anterior cruciate ligament tear vs the
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Fig. 2. Knee flexion and extension during one gait cycle in the patient with injuries to the knee ligament apparatus (top) and the healthy subject (bottom)
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Table 3. Mean knee flexion and extension angles and amplitudes during one gait cycle in the patient with injuries to the knee ligament apparatus and the healthy subject

Patient with injured knee ligament apparatus Healthy subject
Left leg Right leg Left leg Right leg
Me [P,; P,
1,39 -2,89 1,7 5,3
Angle 1
[1,04; 2,37] [-3,32; -2,36] [1,33; 2,26] [5,02; 5,67]
45,07 52,82 61,89 63,73
Angle 2
[42,61; 48,18] [61,2; 54,59] [60,82; 63,34] [63,4; 64,86]
A 43,16 56,01 60,85 58,39
[40,54; 46,55] [54,89; 57,09] [568,47; 61,57] [67,73; 59,17]

healthy subject: significantly lower cadence and velocity,
shorter step and stride lengths, longer step and stride times,
longer single and double support phases, shorter toe-off phase

for both lead and contralateral legs (Table 1).

The step width was significantly greater in the patient after
anterior cruciate ligament reconstruction than in the healthy

subject.

The initial contact time for the contralateral leg did not differ

between the patient and the healthy subject.

The changes detected during the test suggest a gait
pattern disturbance in the patient characterized by a slower,
shorter, wider step with longer step intervals. We think that
these changes are associated with 2 factors. First, the gait
pattern may have undergone pathologic changes in the early
postoperative period when the patient had to use crutches for
locomotion and wear braces. Second, proprioception in the
operated knee joint was impaired, which affected coordination

in and between the muscles surrounding the knee joint.

3D MCA can be used to measure the amplitude of movement
for different body parts at different stages of gait cycle and to

compare the obtained data with the podometry data.

Angle (degrees)

The amplitudes of movement of the hip, knee and ankle
joints observed in the patient and the healthy participant are
shown in the graphs (Fig. 1-4). The analysis revealed that hip
flexion and extension amplitudes in the operated (left) leg were
narrower than in the right leg (Fig. 1, Table 2).

The analysis showed that the amplitude of left lower leg
flexion and extension at the knee joint during one gait cycle was
reduced in the patient, as compared with the healthy subject
(Fig. 2, Table 3).

Ankle flexion and extension amplitudes during walking were
smaller for the operated leg than for the right healthy leg (Fig. 3,
Table 4).

The amplitude of movement in the lower leg joints was
reduced due to the impaired gait pattern and a reduction in
the passive and active range of motion in the lower leg, which
again could be explained by immobilization after surgery (the
need to wear an orthosis/brace) and the lack of adequate
movement stereotype. The range of motion in the joints may
be affected by the choice of the donor site for anterior cruciate
ligament reconstruction. Further research is needed to test this
hypothesis.
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Fig. 3. Ankle flexion and extension during one cycle in the patient with injuries to the knee ligament apparatus (top) and the healthy subject (bottom)
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Table 4. Mean ankle extension and flexion angles and amplitudes during one gait cycle in the patient with injuries to the knee ligament apparatus and the healthy subject

Patient with injured knee ligament apparatus Healthy subject
Left leg Right leg Left leg Right leg
Me [P, P.]
-8,24 -15,65 -9,59 -9,18
Angle 1
[-9,41; -7,01] [-17,19; -14,37] [-12,05; -7,8] [-10,39; -8,52]
13,48 10,79 19,76 23,52
Angle 2
[12,99; 14,71] [9,25; 11,47] [18,26; 20,49] [22,11; 24,22]
21,9 26,21 29,33 32,26
A
[20,98; 22,85] [25,16; 27,07] [28,58; 30,28] [30,83; 33,91]

We also found that the degree of left knee joint rotation
was significantly lower than in the right knee joint (Fig. 4, Table 5).
Rotation asymmetry in the knee joint was observed in the
healthy subject, too, but it was slight.

Discussion clinical case

A study reported the use of MCA during a single leg hop test for
assessing recovery of static and locomotor function in athletes
after anterior cruciate ligament repair [12]. The following
parameters were evaluated: knee flexion at initial contact, peak
knee flexion, knee flexion range of motion, and knee valgus
range of motion in the frontal and sagittal planes. The speed
and rhythm of the gait were not studied. The authors concluded
that MCA could be recommended as a simple and accurate
method for assessing knee joint stability and predicting
changes of returning to sports after anterior cruciate ligament
reconstruction [12].

Another study employed MCA to assess the risk of injury
in athletes following anterior cruciate ligament reconstruction

[13]. The researchers performed the motion analysis of leg
movements and assessed stability of the knee joint during
walking, running, kicking the ball with moderate force and
ball lashing. In addition to the speed and rhythm of gait, the
researchers measured the ratios of flexion and extension angles
in the operated and healthy knees during running and ball kicking.
The angular characteristics of movements were not studied. It
was concluded that MCA could be used as independently and
as a complementary tool for gait analysis [13].

Another study was conducted in female athletes with
anterior cruciate ligament injury; MCA was applied to analyze
the mean knee flexion and the mean valgus angles during
the initial contact, the internal and external rotation angles of
the knee joint, and the mean peak vertical ground reaction
force. The anterior cruciate ligament injury was attributed
to a combination of valgus loading and internal knee joint
rotation [14].

In another publication, the mechanisms of a slip-catch
injury to the anterior cruciate ligament were investigated using
MCA. The following parameters were analyzed: the knee

Knee Flexion/Extension

Angle (degrees)

T T T T T T T T r T T T T T T T T T T T T T T T T T
180 180 200 210 220 230 240 250 260 270 280 29 300 30 320 330 340 350 360 370 380 380 400 410 420 43H 440 450 460 47

Time (s)

Angle (degrees)

-RTPE

Time (s)

Fig. 4. Knee joint rotation during one gait cycle in the patient with injuries to the knee ligament apparatus (top) and the healthy subject (bottom)
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Table 5. Mean knee rotation angles and amplitudes during one gait cycle in the patient with injuries to the knee ligament apparatus and the healthy subject

Patient with injured knee ligament apparatus
Left leg Right leg Left leg Right leg
Me [P,; P..]
-5,83 -14,55 -7,28 0,57
Angle 1
[-7,48; -4,96] [-15,73; -13,37] [-8,23; -5,12] [-0,64; 1,16]
2,41 4,12 14,27 17,78
Angle 2
[1,78; 2,79] [3,13; 5,54] [13,91; 15,17] [17,02; 18,9]
A 8,15 19,01 21,59 17,05
[7,04; 9,58] [17,2; 20,69] [19,54; 22,75] [16,083; 18,8]
flexion angle, the tibial internal rotation angle, and the mean CONCLUSION

knee valgus angle. Speed, rhythm and angular parameters
of motion in the hip and ankle joints were not studied. The
study concluded that valgus loading, internal knee joint
rotation and abduction were significant contributors to the
slip-catch injury [15].

Changes in movement characteristics observed in the
operated knee (reduced hip, knee and ankle flexion and
extension, reduced left knee rotation) are consistent with the
findings of other researchers [16, 17].
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BIOIMPEDANCE ANALYSIS OF BODY COMPOSITION IN THE DIAGNOSIS OF PHYSICAL DEVELOPMENT
DISORDERS IN CHILDREN AND ADOLESCENTS

Gavryushin MYu ™, Sazonova OV, Gorbachev DO, Borodina LM, Frolova OV, Tupikova DS, Berezhnova OV, Trubetskaya SR
Samara State Medical University, Samara, Russia

Traditionally, anthropometric method is used in clinical practice for the diagnosis of excess body weight. Obesity is the excess development of primarily visceral and
subcutaneous adipose tissue, which can be diagnosed by bioimpedance analysis (BIA). The study was aimed to assess the role of BIA of body composition in the
diagnosis of the physical development disorders in children and adolescents. Anthropometric assessment and BIA were performed in 431 Samara school students
aged 12-16 of the health status groups | and Il (230 boys and 201 girls). The results were analyzed with the use of the regional regression scores, BAZ indices,
and the body fat percentage values. The results of estimation using the regression scores showed that 22.61% of boys and 23.43% of girls were overweight, while
more than 2/3 of the sample had a normal pattern of physical development. The BAZ indices revealed a significantly higher proportion of overweight children among
boys (25.7%), than among girls (11.5%, p < 0.01). The body fat percentage fluctuations based on the BIA data were found not only in children with disharmonious
physical development, but also in 60% of children with normal body weight. Moreover, the data of BIA confirmed the body weight fluctuations, revealed with the
use of the regression scores, in the significantly larger number of cases compared to the low body weight and excess body weight, diagnosed based on the BAZ
indices. Accordingly, anthropometric analysis with the use of the regional regression scores may be used at the baseline for the early diagnosis of the nutritional
status disorders in children. To confirm overweight and obesity in children, as well as to provide further treatment, the reliable method for estimation of the body
fat content is required, which may be the method of BIA.
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BMOUMIMEQAHCHbBIA AHANTU3 COCTABA TEJNIA B OUATHOCTUKE HAPYLLEHUNA
®U3NYECKOIO PASBUTUA OETEN N NOOPOCTKOB

M. 1O. lMaeprowmnH =2, O. B. CazoHoga, [. O. lopbades, J1. M. BopoguHa, O. B. ®ponosa, [. C. Tynvkosa, O. B. BepexHosa, C. P. TpybeLikas
Camapckuii rocyaapCTBeHHbIN MeauUMHCKNIA yHBepcuTteT, Camapa, Poccus

B knuHn4eckoln npakTvike Ans AMarHOCTUKM M3BbITOYHOM MacChl Tena 1 OXKMPEHUs TPaANLIMOHHO MCMOMb3YIOT aHTPOMOMETPUHECKUIA MeTod,. OXunpeHne — aTo
130bITOYHOE Pa3BUTVE MPEXAE BCEro BUCLIEPAIbHON 1 MOAKOXHOW >KNPOBOM TKaHN, KOTOPOE MOXET ObITb ANArHOCTMPOBAHO METOAOM G1OMMNeaHCOMETPUN
(BUA). Lenbto ncenepoBaHns 6bi1o OLEHUTL PONb B1MOMMMeNaHCHOrO aHanMda cocTaBa Tena B AMarHOCTUKE HapyLUeHWin (n3nYecKoro passutua Oetein v
noapocTKoB. [poBeaeHo aHTponoMeTpryeckoe 1 bronmMneaaHcoMeTpryeckoe obcnepoBaHne 431 camapckoro WkonbHuka | 1 Il rpynn 300poBbs B BO3pacTe
12-16 net (230 mane4mkos 1 201 geBO4Ka). AHaNM3 Pe3ynsTaToB MPOBOAWIN MO PErMOHabHBIM LIKaiaM perpeccun, nokasareno BAZ v gone »xmposoi
Macchl. Pe3ynstaTthl OLeHKM MO LKanam perpeccum BbisBuam 22,61% manbinkoB 1 23,43% [eBOYeK C M3ObITOYHOM Maccol Tena, npw aTom 6onee 2/3
BbIOOPKM UMeNn HopMmaneHoe randeckoe passutre. MNokasatens BAZ BbisiBIA 3HA4MMO 60oMbLLEE HMCO AETEN C M3ObITOYHON MAccom Tena cpean ManbHMKoB
(25,7%), 4em cpeon aeso4ek (11,5%, p < 0,01). OTKNOHEHWS 4O XMPOBO Macchl MO AaHHbIM BIA onpeneneHs! He TONLKO cpean AETel C ANCrapMOHNYHbBIM
hursmnyeckm passuTreM, Ho 1 cpeam 60% LeTei ¢ HopManbHON Maccoi Tena. [MNpy 3TOM BbISIBNEHHbIE MO LUKaNiaM perpeccu OTKIOHEHVS Macchl Tena AaHHble
BVA nopteepkfan B 60MbLLEM HMCAE Cy4aeB, HEXXENN AMarHO3bl M3ObITOYHOM UM HEAOCTATOYHOW MacChl Tena, nony4eHHble No nHaekcy BAZ. Vicxoad va
3TOro, NepBOHaYaNbHO, A1 CBOEBPEMEHHON ANArHOCTUKI HApYLLEHWUIA HYTPUTUBHOIO cTaTyca y AeTel, MOXKET ObITb MCMONb30BaH aHTPOMOMETPUHECKIMIA aHaNN3
C NMPUMEHEHNEM PErvoHanbHbIX LKan perpeccuy. [Ons noaTBepxaeHUs N3ObITOYHOM MaCChl Tena 1 OXUPEHUst y AeTel, a Takxe ONs LanbHerwen Tepanim
HEOBX0AMM AOCTOBEPHbI METOZ, OLIEHKM XKIMPOBON COCTaBASAOLLEN OPraHn3ma, B Ka4eCTBe KOTOPOro MOXET BbICTynaTtb MeTog BUAA.

KniouyeBble cnosa: rvrueHa Aeten 1 nogpocTkoB, (r3nHecKoe pasBuTue, NHOAEKC MacChbl Tena, LKasbl perpeccum, brorMmneaHcHbIN aHanma
®uHaHcupoBaHue: pabdoTa BbinosiHeHa Npv noaaep»kke rpaHta MNpeanpgeHta PO (MK-5809.2021.3).

Bknap aBtopoB: M. tO. laBpolnH — MHMLMATOP MCCnefoBaHus, avdaiiH, cbop matepuana; O. B. CadoHoBa — HayqHoe pykosoactso; . O. lopbadyes,
J1. M. bopoaunHa — aHanns nutepaTtypsbl, MOArOTOBKa U peaakTupoBaHue pykonncu; O. B. ®ponoea, [. C. Tynukosa, O. B. bepexxHoBa — cbop MaTtepuana,
obpaboTka peaynsratos; C. P. TpybeLikas — 0bpaboTka pesynsraTtos, NoAroToBKa pyKomnmucK.
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Physical development is an essential criterion of the
comprehensive health assessment, performed during the
routine check-ups of children and adolescents, which reflects
the impact of the complex set of factors [1-3]. According to
the research, carried out in the regions of our country, a little
over 60% of boys and about 67% of girls are characterized by
the harmonious physical development. Disharmonious physical
development is due more to the excess body weight, which is
found in 18% of boys and 14% of girls [3-6]. The importance of
the excess body weight issue is defined by high prevalence of
pathological conditions and complications, high risk of obesity
with comorbidities, resulting in the young patients' disability [7, 8].
Traditionally, anthropometric method, involving the analysis of
the results obtained by the standard measurement of height and
body weight, as well as the calculation of the estimation indices,
mostly the body mass index (BMI), is used in clinical practice
for the diagnosis of excess body weight [9]. The World Health
Organization has developed the BMI maps for children and
adolescents aged 2-19 to analyze the calculation results [10].
In addition, the weight to height ratio could be assessed using
the regression scores, centile charts, and sigma deviations [10].

Obesity is an excess development of the visceral and
subcutaneous adipose tissue rather than the total body fat mass
[11-13]. Despite the positive correlation between the BMI and
the child's anthropometric data, BMI does not reflect the actual
body fat percentage, which is continuously changing in children
during various age periods. The example of such period is the
childhood intensive period of growth, when BMI may indicate
the normal weight to height ratio, and the actual fat mass
may be underestimated, which could result in the erroneous
interpretation of the study results [8, 14]. In this regard, the use
of the anthropometric method only as the diagnostic criterion of
overweight and obesity could be questionable. Moreover, low
comparability of the research results may be the consequence
of the use of different anthropometric diagnostic parameters
[3,6,9, 15].

In contrast, biophysical methods ensure higher accuracy
of the results when measuring the body weight characteristics.
Bioimpedance analysis (BIA) of body composition has become
the most widely used method. BIA is based on the difference
between the resistance (impedance) values of the fat mass and
fat-free (lean) body mass, as well as on the total body water
and body composition. The assessment results are used in
clinical practice to analyze the nutritional status and nutrient
intake, the risk of metabolic syndrome, obesity, disorders of
cardiovascular system and other systems of the body; the
results are also used as the diagnostic criteria for estimation of
the therapy efficacy in patients with various diseases [16-19]. For its
part, comparison of the results of bioimpedance measurement
of the fat mass as a percentage of the body mass and BMI
in healthy children shows that a broad range of the body fat
percentage values corresponds to the same BMI values [20].
Thus, the use of data, obtained by BIA of body composition,
in combination with the anthropometric data as the diagnostic
criteria for the abnormal patterns of the children's physical
development needs to be studied.

Table 1. Criteria for assessment of the children's physical development

OPUIMMHAJIbHOE NCCJIEQOBAHUE | TUTMEHA

The study was aimed to assess the role of BIA of body
composition in the diagnosis of the physical development
disorders in children and adolescents.

METHODS

The cross-sectional cohort study of the prevalence of physical
development disorders among the secondary school students
of the general educational institutions in Samara based on the
anthropometric and bioimpedance measurement data was
carried out. The children were examined at their educational
institutions from March to May 2021, with interruptions for
spring vacation (March 22-28) and public holidays. A total
of 431 children aged 12-16 (the median age was 13 years
8 months) were examined: 230 boys (53.4%) and 201 girls
(46.6%) of grades 5-9 of the general education schools.

Inclusion criteria: age 12-16 years, permanent residence
in the territory of Samara region; compliance with the health
status group | or Il based on medical documentation; informed
consent to the study participation submitted by parents
(legal representatives). Exclusion criteria: age at the time
of examination less than 11 years 6 months and one day
or over 16 years 6 months and one day; chronic disorders;
taking medications; prominent limb swelling; permanent
residence outside of Samara region; no informed consent to
participation or refusal of participation provided by parents
(legal representatives).

Anthropometric indicators were measured in the following
way: body height was measured with the MSK-233 stadiometer
(Medstalkonstruktsiya; Russia) to within 5 mm, and body
weight was measured with the VEM-150-A1 medical scales
(Massa-K; Russia) to within 50 g. Body composition was
defined by BIA using the ABC-01 internal environment analyzer
(Medass; Russia) with the current probe frequency of 50 kHz
in accordance with the tetrapolar electrode scheme, involving
electrode positioning on the wrist and ankle when the subject
is in the supine position. Examination was not preceded by
intense physical activity, eating or drinking. Room temperature
was controlled in the rooms, where the examination was
carried out.

The children's physical development was assessed based
on the height to weight ratio in two different ways. The first
method involved estimation of physical development with the
use of the regional regression models, fitted with body weight
as dependent variable and height, developed for Samara
region [21]. The second method involved calculating the BMI
for age Z-score (BAZ), and the resulting values were analyzed
in accordance with the WHO standards [10] using the WHO
AnthroPlus software (2009) (WHO; Switzerland) [22]. BMI was
calculated as the child's weight (kg) divided by the square of
height (m2). Nutritional status was further assessed based on
the data obtained by BIA of body composition, the body fat
percentage (%BF). The criteria for the estimation of the results
are presented in Table 1.

The raw data were acquired and stored using the Microsoft
Excel 2013 software (Microsoft; USA). Statistical processing

Assessment methods

Indicator
BAZ, SDS [10]

Regression scores, oR [22] BIA, %BF [23]

Underweight <-2.0

<-1.0 < 15" percentile

Normal development from -2.0 to +1.0

from +1.0 to +1.5 from 25™ to 75" percentile

Overweight from +1.0 to +2.0

>+1.5 from 85™ to 97" percentile

Obesity >+2.0

- > 97" percentile
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Table 2. Distribution of anthropometric indicators based on the BAZ indices in the studied sample of school students

Z-score
Studied group
<-2.0 from -2.0 to -1.0 from -1.0 to +1.0 from +1.0 to +2.0 >+ 2.0
Boys, abs. (%) 4(1.7) 16 (7) 131 (56.9) 59 (25.7) 20 (8.7)
Girls, abs. (%) 3(1.5) 32 (15.9) 124 (61.7) 23 (11.5) 19 (9.4)
All examined children, abs. (%) 7(1.6) 48 (11.1) 255 (59.1) 82 (19.1) 39 (9.1)

Note: normal values are highlighted

of the results was performed by the analysis of variance with
the Statistica 13.1 software package (StatSoft Inc.; USA).
Statistical significance of the differences was analyzed using the
Pearson's yx? test. The differences were considered significant
when p < 0.05.

RESULTS

Analysis of anthropometric traits in the studied group of children
showed that the gradual increase in the height was observed
both in boys and girls aged 12—-16. In view of the fact that body
weight is a dynamic parameter, depending primarily on the
actual nutrition and the levels of physical activity, the analysis of
dynamic changes in this trait has revealed no gradual increase
with age and has reflected the correlation of the mean values
with the percentage of children with the physical development
disorders in the specified age group (Fig. 1).

Thus, when assessing physical development using the regional
regression scores, it was found that more than 2/3 of the examined
school students were constituted by children with the normal pattern
of physical development, while the percentage of children, who's
body weight deviated from the reference values, was 30.44% in
boys, and 38.36% in girls. However, the percentage of overweight
children in boys and girls was the same (22.61% and 23.43%), and
the proportion of underweight children was higher in the group of
girls (14.93%), than in the group of boys (7.83%, p < 0.01).

Estimation of physical development based on the BAZ
indices showed that in the studied group, children with normal
body weight (70.2%) prevailed among both boys (147/230,
63.9%), and girls (157/201, 77.6%). Low body weight was
found in seven children (1.6%) in the studied sample: four boys,
and three girls. Excess body weight and obesity were revealed
in less than one third of the surveyed children (in 19.1%, and
9.1%, respectively). Furthermore, there were no significant
differences in the percentage of obese children among boys
and girls (p = 0.207), while the proportion of overweight children
was significantly higher in boys, than in girls (o < 0.01). Severe
obesity (BAZ > +3.0) was found in three boys, and two girls
(Table 2).

Comparison of the results, obtained by assessing physical
development in accordance with the regional scores and the

Height (cm)

175

170 /
165 /
160 /

155

150
12 13 14 15 16

—— Boys — Girls

WHO standards (BAZ, Z-score), showed that Z-score revealed
a significantly larger number of overweight and obese children
among boys (p < 0.01). Regression scores revealed the
insignificantly higher proportion of underweight boys (o = 0.285)
and the significantly higher proportion of underweight girls
(o < 0.01) (Fig. 2).

Based on the BIA data, a half of children in the studied
sample had the excessive fat content. Furthermore, excess
body weight was found in 42.2% of boys and 40.8% of girls,
and obesity was found in 6.5% and 7.5%, respectively. Based
on the %BF, 6.1% of boys and 3.5% were underweight. Thus,
BIA of body composition in children revealed a normal body fat
percentage, appropriate for age, gender, and anthropometric
data, only in a half of the surveyed children, which made up
45.2% in the group of boys, and 48.3% in the group of girls
(Fig. 3).

When assessing body fat percentage in children with
various levels of physical development based on the regression
scores, the following was found: in the group with normal
physical development, the proportion of children with normal
body fat percentage was 40%, while 44.7% of the surveyed
individuals had excess fat content, and about 16.8% had low
fat content. In the group of overweight children, high fat content
values were found only in 72.7% of cases, which was indicative
of the excess in other body weight characteristics (skeletal
muscle mass, total body water, etc.) in 27.3% of children in this
subgroup. The surveyed underweight children had a low body
fat percentage in a half of cases (Fig. 4).

Studying the nutritional status in children with the relevant
BAZ characteristics revealed 39.7% of surveyed individuals
with normal body fat percentage; 21.9% of children had the low
body fat percentage, and 38.2% of children had the excess body
fat content. Among the surveyed children with BAZ between
+1.0 and +2.0 Z-score (overweight), excess body fat percentage
was revealed only in 56.1% of cases, 36.6% had a normal body
fat content, and 7.3% had a low fat content. Obesity, defined
based on BAZ, was confirmed by the %BF values in 16.7% of
cases, and low body weight was confirmed in 71.4% of cases of
the appropriate subgroup of the sample (Fig . 4).

Thus, body weight aberrations, diagnosed based on the
regional scores, were confirmed by the data of BIA in the

Body weight (kg)
70
65
60
55
50
45
40
12 13 14 15 16
— Boys e GilrlS

Fig. 1. Age-dependent changes of anthropometric indicators of physical development in the studied sample of children
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Fig. 2. Comparison of the results of the physical development assessment with the use of regression scores and BAZ indices in the groups of boys and girls,

constituting the studied sample

significantly larger number of cases compared to the results of
the assessment based on the BAZ indices (82/431, 19.7% and
61/431, 14.15%, p < 0.05).

DISCUSSION

Our research, focused on studying the anthropometric
indicators, involving the assessment of the school students
aged 12-16 based on the regression scores, as well as on the
calculated BAZ indices and %BF values, revealed numerous
overweight and obese children. When using the anthropometric
diagnosis methods, the most pronounced fluctuations of body
weight, including the upward (excess weight) and downward
(underweight) bias, were identified by assessment, involving the
use of regression scores. It is interesting to note that when using
the body fat percentage values obtained by BIA as a criterion of
excess body weight instead of the results of estimation based
on the regional standards and BMI, the proportion of children,
who could be diagnosed with overweight and obesity, changed
significantly. No significant differences in the number of children
with the normal pattern of physical development and children
with body weight fluctuations between boys and girls were
revealed based on the %BF values. Furthermore, BIA made it
possible to reveal a large proportion of overweight and obese
children among the individuals with the normal pattern of physical
development (based on the regression scores and BAZ indices).

The period of development between 12-16 years of age is
a critical period, when the risk of obesity increases by several

Boys

Normal
Overweight 42%
45%

Underweight
6%

Overweight
7%

Fig. 3. Distribution of %BF in the groups of boys and girls, constituting the studied sample
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development

times [7, 24]. Moreover, 60% of children with excess body
weight in adolescence would be obese in adulthood, with
the more severe course of obesity, prominent body weight
increase and high prevalence of comorbidities, in contrast to
the adult-onset obesity [7, 25]. That is why the early detection
of premorbid conditions, aimed at adjusting the child's diet and
daily routine, is a crucial step in preventive medicine in terms
of obesity prevention. According to our study, the results of
which are in line with the results, obtained by other researchers
[5, 6, 9], the anthropometric trait assessment results could be
considered the most important criteria to be used in the routine
check-ups, allowing one to refer the child to endocrinologist
and nutritionist, and if necessary, for further treatment.

However, the findings showed that only 2/3 of the school
students, diagnosed with overweight with the use of anthropometric
techniques, had the excess body fat content. Nevertheless,
body fat percentage was normal in one third of children in the
surveyed sample, and no therapeutic interventions were required.
Therefore the method of BIA, allowing one to detect changes not
only in the body fat mass, but also in all the fat-free (lean) body
mass components, could be considered the diagnostic method,
allowing the specialists to start treatment, such as diet therapy, and
to dynamically monitor the efficiency of the interventions.

Close practical links between the BIA of body composition
and the anthropometric assessment of young patients were
frequently discussed in scientific literature [19, 26, 27] with the
emphasis on the high level of accountability of the biophysical
method. Unfortunately, the diagnostic significance and the

Girls
Overweight
41%
Normal
development
48%
Underweight 4% Ove;‘f,’/f'ght
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Fig. 4. Comparison of %BF distributions depending on the levels of physical development when using regression scores and BAZ indices in the studied sample

criteria for the BIA results interpretation in combination with
the anthropometric data have not been reflected in the federal
guidelines on the diagnosis and treatment of obesity, which
hampers the practical application of the method.

CONCLUSIONS

The study of anthropometric traits in the Samara school
students aged 12-16 has revealed a significant proportion
of children, having problems with physical development. The
highest proportion of children with body weight fluctuations has
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Cognitive and mnestic impairments have a significant negative impact on the quality of parkinsonian patients’ life. Memory impairment causes changes
in the mechanisms of information processing. The aim of this study was to investigate the characteristics of transformations undergone by memorized visual and
semantic content during memory consolidation and reconsolidation in patients with Parkinson’s disease. The study was conducted on 32 male patients with PD
(ICD code: G20). Among the patients, 9 had rigidity/bradykinesia-dominant PD, 11 had tremor-dominant PD, and 12 suffered from a mixed type of PD. Short-term
memory span was assessed using the 10 words and the visual memory tests proposed by Luria. As stimulus materials we used a symbolic representation of the
old Greek letter resembling an owl and a translated excerpt from a Canadian aboriginal epic. Regardless of the PD form, the quality of the memorized information
was either altered or completely lost. The mechanisms underlying such transformations differed quantitively depending on the PD form. Transformation of the
memorized information occurred in the conditions of both incidental and deliberate memorization and was represented by distortions (substitution of the original
content with confabulations) and simplifications of the structural and semantic organization. We consolidated significantly lesser amount of auditory verbal (p =
0.018) and visual (p = 0.029) information. This trend was consistent with the pronounced distortion of content during its retrieval.
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KOHCONMNOALMNA-PEKOHCONUAALNA 3PUTENIbHO-OBEPA3HOW Y CEMAHTUYECKON NAMSATH
NMPU BOJIEBHN MAPKUHCOHA

B. B. HukuwmHa', E. A. Metpaww &9, A, A. KysHewosa?, T. B. LLyTeesa?, W. A. 3axaposa’

TPoccuiickunii HaLmoHanbHbI MCCRenoBaTenbCKi MeAULIMHCKMIA yHMBepcuTeT umenn H. V1. Muporosa, Mockea, Poccus
2KypcKkuii rocydapCTBEHHbIN MeauUMHCKUIN yHBepcuTeT, Kypck, Poccus

KOrHUTVIBHbIE 1 MHECTUYECKIE HAPYLLEHWS UPalOT CyLLIECTBEHHYIO POSib B CHKEHUM Ka4eCTBa XXN3HM NaLneHToB ¢ 6onesHbto MapkuHcoHa (BIM). HapyleHuns
namsTV NPUBOAAT K U3MEHEHMIO (TpaHCdhopMaLmn) MexaHU3MoB nepepaboTky nHdopmauwn. Liensto paboTsl b0 13y4nTb OCOBEHHOCTH TpaHcdopMaLmm
3PUTENBEHO-00PA3HOIO N CEMAHTUHYECKOrO COAEPXKaHMS, MOANeXaLlero 3anoMMHaHNIO, B MPOLIECCax KOHCOMMAALMN U PEKOHCOMMAALMM y naumeHTos ¢ BIrl.
O6beM BbIOOPKM cocTaBmn 32 naumeHTa My»CKOro rnona ¢ amarHo3om G20 «6onesHb IMapkuHcoHa»: 12 naumeHTOB CO CMELLaHHOW (aKMHETUKO-PUrMAHO-
npoxxartenbHor) opmMolt, 9 NauMeHTOB C akUHETUKO-puruaHol dopmoit 1 11 naumeHToB C ApokaTenbHon dopmoit 6onesHu [MapkuHcoHa. Obbem
KPaTKOBPEMEHHOW NaMsATV OLEHMBAN C MOMOLLbIO METOAWK «10 cnos» 1 «3putensHas namsate» A. P Jlypusa. CTUMYNbHbIN MaTepuan Ans aKCnepyuMeHTanbHOro
3Tana UccnefoBaHys MPEACTaBss COO0N CUMBONMMHECKOE N300pavKeHNe ByKBbI APEBHEMPEHECKOro andaBmnTa, HarNoOMUHAIOLLIErO COBY, a Tak>Ke TEKCT M3 aroca
nHAenues KaHafp! Ha PyCCKOM 513blke. YCTaHOBIEHO, YTO BHE 3aBMCKMOCTI OT hopMbl 3abonesaHns npu Bl drkerpyeTcst nsmeHeHme kaqecTsa 3anoMnHaeMon
nHhopmMaLn nmbo ee nonHas noteps. MexaHrambl NOTepW MHAOPMaLMN UMEIOT Ka4eCTBEHHbIE Pa3Nnyns Npu pasHbix hopmax 3abonesaHuns. TpaHcdopmaums
CoXpaHseMon MHhopMaLK Npu LieneHanpasaeHHOM 1 Mpu HeLleneHanpasieHHOM 3aroMUHaHUN NMPOUCXOANT MO0 B (DOPME NCKaXKEHVIS (MOAMEHbI CXOLHOMO
cofeprkanns KoHabynAaToOpHbIM), MO0 B (DOPME COKpaLLIEHNS (YNPOLLEHMSt CTRYKTYPHO-CEMaHTUYECKON opraHm3aLm). KoHConManpyeTcs 3Ha4YMMO MeHbLLNIA
obbem nHopmMaLmn kak cnyxopedeBoit (o = 0,018), Tak 1 3puTensHo-o6pasHoi (o = 0,029). [JaHHas TeHAeHLMst COOTHOCUTCS C BbIPaXXEHHBIM NCKaXKEHNEM
B MPOLeCCe M3BNeYeHst MHOpMaLWN.

KrnioyeBble cnoBa: 3puTenbHO-00pasHasi MamsTb, CEeMaHTUYecKash MNaMsiTb, LiEeNeHanpaBneHHoe 3arnoMVHaHVe, HelleneHanpaBieHHoe  3arnoMUHaHVe,
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Fig. 1. Schematic representation of consolidation and reconsolidation of visual and semantic information

Parkinson’s disease (PD) is an age-related progressive
neurodegenerative disorder characterized by high rates of
disability and poor prognosis. Being the second most common
neurodegenerative disorder, PD poses a serious challenge to
healthcare and society.

The diversity of clinical manifestations of PD is linked to
the death of dopaminergic neurons in the striopallidar system.
In addition to motor symptoms, which are highly common in
parkinsonian patients, PD has varied non-motor manifestations,
including autonomic and sensory dysfunction, pain, affective
disorders, and cognitive impairment. The diversity of symptoms
and the high rate of cognitive impairment diminish the quality of
life of parkinsonian patients and their families and are the focus
of clinical attention.

In all its diversity of forms and processes, memory
has adaptive potential that maintains the quality of life in
parkinsonian patients.

Studies of cognitive and, more specifically, mnestic
functions in PD patients have been implemented by Russian
[1] and foreign [2-21] researchers.

Parkinsonian patients are reported to suffer a significantly
declining quality of life [2]. No association has been found
between the cognitive status of PD patients on the MMSE
scale and attention/memory deficit experienced by the patients.

PD is characterized by a long preclinical stage lasting up
to 20-30 years. The clinical manifestations of the disease
appear when degeneration of substantia nigra neurons and
striatal axons reaches 50-60% and 70-80%, respectively
[11]. In addition to dopaminergic neurons in the striata nigra,
dopaminergic neurons in other brain regions, including
the tuberoinfundibular system, are affected. Disruption of
the dopaminergic pathway in the striatum critically affects
the continuous process of working memory updating [7].
Neurodegeneration begins in the dorsal vagal and the anterior
olfactory nuclei and then spreads sequentially to the locus
coeruleus, substantia nigra and basal regions of the anterior
brain; it is only in the advanced stages of the disease that
neurodegeneration hits the neocortex, especially the limbic and
the multimodal association cortices of the frontal and temporal
lobes [18].

The underlying mechanism of PD involves intraneuronal
aggregation of pathological alfa-synuclein, the primary
component of Lewy bodies. In neurodegenerative disorders,
chronic activation of the microglia and astrocytes results in
reactive microgliosis and astrogliosis. In PD, oligodendrocytes

are also involved, which suggests that PD affects signal
transmission in the brain. Gliosis caused by neurodegeneration
blocks transmission of nerve impulses and impedes formation
of new neuronal connections, which form the morphological and
functional basis of memory consolidation and reconsolidation.
Impairment of temporal processing is associated with neuronal
apoptosis, which hampers information transfer from short-term
to long-term memory and back [6]. In addition to the overall
visuospatial dysfunction, patients with PD have verbal memory
impairment. A direct association has been established between
the duration of the disease and visuospatial short-term memory
impairment [13].

The methodology of our research into consolidation and
reconsolidation of visual and semantic memory in parkinsonian
patients is premised on the concept of working memory
developed by Velichkovsky BB (2015). Working memory (WM)
is a system of cognitive processes that enable temporary
information storage and processing. Being structurally
heterogenous, WM consists of multiple components for
temporary information storage and processing that have
various functional characteristics; WM also includes a system of
functional mechanisms. [20, 21]. WM is not stimulus-specific,
and its content is determined by the type of memory involved
in input processing. Based on the functional outcome, memory
can be classified into nonverbal (visual, symbolic and auditory)
and semantic. Based on the type of regulation, memorization
can be classified into deliberate (intentional) and incidental
(unintended).

Regardless of whether memorization is deliberate or
incidental, incoming information is simplified (compressed) at
the encoding stage. During processing, information is converted
into a primary mnestic image or primary semantic content. In
WM, storage is implemented by means of short-term and long-
term storage mechanisms. Short-term storage mechanisms are
used for temporary storage of information essential for solving
a current cognitive task [1, 2].

Fig. 1 shows schematic representation of consolidation
and reconsolidation of visual and semantic information.

During memory consolidation, short-term memories
are converted into long-term memories, and the retained
information, be it visual or semantic, undergoes further
transformations in accordance with the previous experience.
Freshly learned experiences are compared to “old” information
stored in the long-term memory. Long-term memory harbors
information that can be re-activated to solve a current
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task. Consolidated memories are retrieved (i.e. undergo
reconsolidation) from long-term memory, which comprises a
system of images, symbols, signs, and a semantic system
organized into a coherent experience. Both visual and semantic
information learned in the previous experience undergoes
reconsolidation and is transformed in accordance with fixed
object-significant identification characteristics.

Any WM impairment reduces human capacity to process
information or make an optimal decision and lessens the overall
adaptive potential [1, 2].

The aim of this study was to investigate the characteristics
of visual and semantic content transformation during memory
consolidation and reconsolidation in patients with PD. We
hypothesize that information acquired through either deliberate
or incidental memorization by such patients is distorted or
completely lost in the absence of pronounced cognitive
dysfunction and regardless of the PD form (rigidity/bradykinesia-
dominant, tremor-dominant or mixed).

METHODS

A total of 32 male patients diagnosed with Parkinson’s disease
(ICD disease code: G20) were enrolled in the study. Clinical
manifestations assessed on the Hoehn and Yahr scale were
consistent with stage 2 of the disease at the time of this study.
The participants were stratified into 3 groups by the form of
the disease: group 1 (n = 12) included patients with mixed PD,
group 2 (n = 9) comprised patients with rigidity/bradykinesia-
dominant PD, and group 3 consisted of patients with tremor-
dominant PD (n = 11). Inclusion criteria: age of 60-65 years
(mean age: 62.4 + 2.1 years), duration of PD no more than 3
years (mean duration: 2.2 + 0.57 years), absence of cognitive
disorders (MMSE score: at least 24 points). All patients were
receiving levodopa therapy at baseline (average dose: 594.2 +
236.2 mg a day).

Exclusion criteria: severe chronic disorders, TB, viral
hepatitis, HIV, and other recurrent infections.

The study was conducted in 3 stages. In the first stage, the
patients underwent a physical and neurological examination.

In the second stage, the storage capacity of explicit
(intentional) short-term visual and auditory verbal memory
was assessed. The span of auditory verbal memory was
assessed using a Luria memory words test. Briefly, the patient
was read a list of 10 semantically unrelated monosemantic
one- and two-syllable words denoting concrete objects
and was asked to recall the words immediately after
presentation. The procedure was repeated 5 times. The
following parameters were recorded: the number of correctly
recalled words, the number of repeated words during each
recall round, and the number of words that were not on the
list. Short-term visual memory span was assessed using a
Luria visual memory method. Briefly, the patient was shown
a table of 16 cells; each cell contained an outline drawing of
an object (a geometric shape or an item). The patient was
given 2 min to look at the images. Then, the patient was
asked to name the objects they were able to memorize. The
procedure was repeated 5 times. The following parameters
were recorded: the number of correctly reproduced visual
stimuli, the number of repeated objects during each recall
round, and the number of new words that were not present
in the original table.

In the third stage, we empirically studied consolidation
and reconsolidation of explicit and implicit visual and semantic
memory types in patients with PD. The methodology for this
stage was adopted from Bartlett's experiment on memory
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Fig. 2. A stimulus drawing selected for the study of implicit memory

reconstruction during its active retrieval. Each patient was
instructed about the experiment individually.

During the experiment, the patient was presented with
a visual stimulus — a symbolic drawing shown in Fig.2. This
particular stimulus was reliably unfamiliar to the patients,
hence its choice. The drawing was a letter from the old Greek
alphabet that resembled an owl. The symbolic drawing (symbol)
had 4 parts: a head, a body, a wing and a leg. Each of these
parts consisted of smaller elements, e.g. the head consisted of
2 elements: the head itself and a tick, etc.

The stimulus material for the study of semantic memory
was a Russian translation of an excerpt from a Canadian
aboriginal epic. The excerpt contained 79 units of meaning (33
sentences, 295 words, a total of 1,427 characters). The units
of meaning were defined as grammatical forms charged with
semantic content and implemented in different combinations of
nouns (the central lexical units of the language) with other forms
(adjectives, verbs, pronouns). Semantic memory was assessed
using the following parameters: the number of correctly
reproduced sentences, the number of correctly reproduced
semantic units, the number of incorrectly reproduced
sentences, the number of semantic errors, the number of
errors in the order of sentences, the number of errors in the
order of semantic units. The data were collected into a specially
designed semantic card.

For immediate reproduction of the presented stimulus
material, the patients were instructed to draw a copy of the
original visual stimulus. Next, the patients were asked to retell
the Indian story immediately after hearing it. Reproduction
ensured that information was retained. Then, the patients were
asked to draw the presented visual stimulus from memory
and to retell the text 40 min, 4 h and 36 h after the initial
presentation.

Statistical analysis was conducted using descriptive (means
and standard deviations) and comparative (the nonparametric
Mann-Whitney U and Wilcoxon sign-ranked tests) statistics.
Absolute values were analyzed.

RESULTS

The experiment revealed that the span of short-term visual and
auditory verbal memory was reduced in parkinsonian patients
regardless of the PD form. The graphic representation of the
results in Fig. 3 reflects the number of reliably correct responses
following presentation of the verbal stimuli.

The comparative analysis of short-term auditory verbal
and visual memory aided by the non-parametric paired Mann—
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Fig. 3. Auditory verbal and visual memory curves for patients with different forms of PD

Whitney U test detected no significant differences (p < 0.0) in
the span of the studied short-term memory types between the
patients with different forms of PD. However, there were some
quallitative differences.

Errors made by the patients with bradykinesia-dominant
PD were mostly perseverative reproduction of the actual visual
and auditory verbal stimuli without confabulation (addition of
new information, false memories). The patients with the mixed
form of PD made a lot of confabulation errors, i.e. repeatedly
reported words and objects that were absent in the initial
presentations. The proportion of such additions was as high
as 51.18 + 6.34%. About half of the reported visual and verbal
stimuli were additions semantically unrelated to the presented
stimulus material. The proportion of confabulation errors made
by the patients with tremor-dominant PD was also significant
(34.44 + 5.12%). However, unlike patients with mixed PD, the
additions made by this group of patients when reporting the
auditory verbal stimuli were mostly verbs semantically related
to the presented verbal stimuli. Responses to the presented
visual stimuli were word combinations of two types: noun +
adjective and noun + verb. The patients with tremor-dominant
PD demonstrated these response types when reproducing the
presented and false stimuli.

These findings suggest that, regardless of the PD type,
both visual and auditory verbal information underwent
a transformation (was altered) at the stage of deliberate
memorization during the presentation of the stimuli. With every
subsequent presentation and reproduction of the stimuli, the
patients did not correct the errors, but instead persisted in
reproducing false memories, or confabulations. This suggests
consolidation of false memories by means of their transfer to
the long-term memory storage.

In the next stage, incidental memorization was studied
by studying consolidation and reconsolidation of visual
and semantic memory. We discovered that the semantic
content of verbal information was completely lost during
incidental memorization by patients with PD. The semantic
information was altered at the stage of its encoding during
immediate reproduction of the heard text. In total, 23-28%
of the semantic content was missing. During story retelling,
a significant proportion of semantic units was lost. The
proportion of the omitted semantic units increased to
50-53% after a 40-minute delay. Four hours after the initial
presentation, the patients with any form of PD were able to
reproduce only 1/4 of the story’s semantic content (21-23%).

The loss of the original semantic content was accompanied
by the simplification of linguistic and semantic structures:
the patients used syntactically simple sentences and named
only objects and actions. Some sentences were merely
object descriptions; structurally, they were a combination of
a noun and an adjective. Story retelling was reduced to the
description of objects and their actions; causal relationships
were totally missing. Regardless of the PD form, a complete
loss of the semantic content was demonstrated by all the
patients after a 36-hour delay. Substitutions were the most
prevalent type of error: the patients named the objects,
described their characteristics and actions but did not make
causal connections. And even with substitutions, there was a
3-fold reduction in the qualitative and quantitative structure of
the text: the retold story contained 81 words and 23 semantic
units vs 295 words and 79 semantic units in the original
text. This reduction occurred regardless of the PD form. The
retold story was lexically and syntactically simplistic and was
unrelated to the original text. These findings suggest inhibition
of verbal information in patients with PD.

While retelling the story immediately after its presentation,
patients with rigidity/bradykinesia-dominant PD cut down
the original story considerably but preserved its gist.
There were almost no alterations during immediate recall.
The participants with tremor-dominant PD reproduced the
original semantic content overall correctly but still abridged
it and made some insertions. This group of patients created
causal links between the newly introduced and the initially
present objects. The participants with tremor-dominant PD
uttered short simple sentences consisting of 4 words at best,
with preserved semantic content. The patients with mixed
PD incorrectly reproduced a few semantic units during
immediate recall (24 correct semantic units vs 79 units in
the original text) but preserved the main idea. Similar to
the patients with tremor-dominant PD, the patients with
mixed PD simplified language structures while retelling the
story, using unexpanded sentences, which obfuscated its
understanding.

Story retelling 40 minutes after its initial presentation
revealed further loss of the semantic content regardless of
the PD form. In the stories retold by the patients with mixed
PD, only 6 sentences were consistent with the initial text
in terms of semantic content. Other semantic units, which
were mostly descriptions of objects and actions, were
altered or substituted. The patients with rigidity/bradykinesia-
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Fig. 4. Characteristics of the reproduced semantic units in patients with different forms of PD

dominant PD preserved the original semantic content in
11-13 sentences. In this group of patients, perseverative
(2-3 times) repetition of sentences was observed. The patients
with tremor-dominant PD retold the story using 8 sentences.
The retold stories were dominated by descriptions of objects
but there was a dearth of actions and their descriptions.
Causal links were present in 1-2 sentences. The semantic
content was altered or substituted.

After a 4-hour delay, the patients with any form of PD were
able to reproduce 22-25% of the original semantic content.
Their stories were dominated by object and action naming.
The objects mentioned in the initial text were substituted. The
story was retold in short kernel sentences (subject + predicate).
The sentences were ungrammatical and lacked agreement.
A tendency to perseveration was observed in the patients with
mixed and rigidity/bradykinesia-dominant PD: sentences were
repeated up to 4 times. The causal relationships were totally
missing.

After a 36-hour delay, the total loss of the original semantic
content was demonstrated by all the patients regardless of
the PD form. The number of causal relationships ranged from
1 to 4. The number of insertions (new objects) varied from
5 to 7, which was comparable with the number of objects in
the presentation (Fig. 4).

After a 36-hour delay, the patients with rigidity/
bradykinesia-dominant PD were able to reproduce 18
semantic units, of them 6 were consistent with the initial
semantic content of the presented text, 4 units were
confabulations (the patients introduced new objects,
object characteristics or causal relationships). The
overwhelming majority of semantic units in the retold story
were perseverative, i.e. repeated multiple times in different
parts of the retold text. Perseverative confabulations (falsely
reproduced semantic units absent in the initial text) were the
most prevalent errors made by the patients with mixed PD.
The patients with tremor-dominant PD correctly reproduced
only 5 of 79 semantic units contained in the original text.
Confabulations (semantic units containing information about
objects and their actions from the initial text) were used by
the patients in other semantic fields. For example, the initial
text contained a sentence about seal hunting: One night
two young men from Egulac went down to the river to hunt
seals. The retold story did not contain information about
seal hinting. The sentence reproduced by the patient was
as follows: Men liked seals, big and beautiful animals. They
were resting on the shore, basking in the sun. This example
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demonstrates that the semantic content of the reproduced
statement deviated from the original sentence; information
about seals was semantically misrepresented.

The following patterns were detected while studying visual
memory consolidation and reconsolidation (Fig. 5).

Regardless of the PD form (tremor-dominant, rigidity/
bradykinesia-dominant, mixed), the patients transformed the
presented symbolic drawing into a non-abstract image at the
stage of visual information retrieval. When the patients were
drawing a copy of the presented symbolic picture (i.e. the stage
of encoding, or, in other words, reproduction of the symbol from
the template), they tended to transform the symbol into a non-
abstract image (bird, owl). This tendency intensified with every
subsequent reproduction. The original content was altered,
simplified or totally lost. The number of major elements present
in the original drawing and the accuracy of their reproduction
(number of smaller elements, their arrangement in the picture,
including relative to each other, the shape and size of elements)
decreased; new elements absent in the original drawing were
introduced to the composition.

At the stage of incidental memorization of the presented
drawing, the latter underwent transformation from being
symbolic to becoming descriptive. This resulted in memorizing
the altered image.

All the patients with rigidity/bradykinesia-dominant PD
altered the presented visual stimulus only slightly during
copying. The number of details, their shapes and inter-element
arrangement were reproduced correctly. The patients with
tremor-dominant PD omitted some elements of the original
drawing and altered their size but preserved the general
layout. The patients with mixed PD reproduced a very altered
silhouette; the details were also very different from the original
drawing.

After a 40-minute delay, further alteration of the
memorized, now non-abstract image of a bird (an owl) was
observed, mostly in the number of the details. Regardless
of the PD form, the drawing looked simplified: its parts
were distorted and the elements were few. There were
new additions positioned predominantly in the bottom of
the drawing. Introduction of new elements to the drawing
was accompanied by the omission of the original elements.
The patients with rigidity/bradykinesia-dominant PD added
partially or completely overlapping lines. The patients with
tremor-dominated PD simplified the elements and their initial
arrangement. Because some lines in the drawing partially
overlapped, this created a variety of new elements initially
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Fig. 5. Drawings made by the patients with different PD forms in the immediate recall test and after a 40-minute, 4-hour and 36-hour delay

absent in the presented stimulus. The patients with mixed
PD added new elements to the drawing by retrieving them
from the non-abstract image of the bird they memorized.
The following elements could be clearly identified in the
reproduced drawing: a head, ears, a beak, eyes, a wing, legs,
and fine details like toes.

After a 4-hour delay, we observed a transformation of
the memory image (its reconstruction, in Bartlett’s terms)
characterized by the loss of the initial elements: several
elements were fused into one (tremor-dominant PD) and new
elements were introduced (rigidity/bradykinesia-dominant and
mixed PD). Regardless of the PD form, the patients tended
to simplify the image by reducing the number of parts initially
present in the drawing and adding new lines that significantly
enhanced the contours of the elements. Superimposition of
new elements not found in the original drawing was typical for
the patients with mixed PD.

After a 36-h delay, the shape of the initial symbol was
completely distorted: the number of parts was reduced to one
(the contour of the figure in the drawing) or 2.

Pairwise comparison revealed no significant differences
between the groups of patients with different PD forms in the
number of correctly reproduced semantic units during the text
recall task and the number of correctly reproduced details of
the symbolic drawing after a 36-hour delay following incidental
memorization (Fig. 6).

The statistical analysis of significance of differences
uncovered the following trends. Regardless of the PD form,
the patients demonstrated a complete loss of the visual and
semantic content in the absence of cognitive impairment. This
indicates impairment of consolidation and reconsolidation of
memory traces in PD. The trend may be explained by the fact
that at the stage of encoding (copying the symbol from the
presented visual template and then during immediate recall
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Fig. 6. Schematic representation of the significance of differences in the number of reproduced semantic units by patients with PD grouped by the form of the disease

of textual semantic content) information undergoes a certain
transformation: the symbol becomes distorted and more
concrete, the linguosemantic structure of the initial texts gets
simplified, the sentences become shorter, less expanded and
are often substituted by a combination of words.

The quality of retrieved information (its amount and accuracy)
undergoes significant changes or can even be completely lost.
Regardless of the PD form (tremor-dominant, rigidity/bradykinesia-
dominant, mixed), a significantly smaller amount of information,
both auditory verbal and visual, is consolidated. This is consistent
with the distortion of information during its retrieval.

Differences observed between the groups during immediate
recall and after 40-minute, 4-hour and 36-hour delays suggest that
each form of PD is characterized by a specific type of information
transformation. A significant amount of information, be it visual or
semantic, is lost in rigidity/bradykinesia-dominant PD. Information
is simplified and the resultant gaps are filled with perseverative
simplified structures. Patients with mixed PD alter the content by
introducing confabulations and also by perseveration. Similar to
patients with mixed PD, patients with tremor-dominant PD distort
information at the stage of encoding by introducing confabulations
semantically close to the presented stimulus. This trend detected
during the study of consolidation and reconsolidation of visual and
semantic memory is corroborated by the results of research into
the span of short-term visual and auditory verbal memory types.
Regardless of the PD form, short-term memory span was reduced
in all the patients. The errors made by the patients depended on
the form of the disease.

DISCUSSION

Short-term visual and auditory verbal memory span was
reduced in the patients with any PD form. This finding was
consistent with the reports of other researchers describing
short-term memory impairments, attention deficit, and poor
memory for routine activities in patients with PD [5]. Memory
tests demonstrate that patients with PD have recall rather than
recognition difficulty [5]. An attempt to identify PD-specific
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memory problems was made in an earlier study [16]. The study
reported spontaneous organization of memorized information,
which is also consistent with the results of our study of
deliberate and incidental memorization and recall.

CONCLUSIONS

Mnestic changes due to the pathological processes associated
with PD affect the qualitative and quantitative characteristics
of memory consolidation and reconsolidation, including
accuracy and memory span, regardless of the disease form
(rigidity/bradykinesia-dominant, tremor-dominant or mixed) or
result in the lack of presentation of the reconsolidated content
during recall. Alterations depend on the type of the disease:
elements fusion is typical for tremor-dominant PD, addition
of new elements is observed in tremor-dominant and rigidity/
bradykinesia-dominant PD, whereas the superimposition of
new elements absent in the presented visual stimulus occurs in
mixed PD. Transformations of consolidated and reconsolidated
information during incidental and deliberate memorization
were represented by substitution (confabulation) of the original
content and reduction (simplification of the structural and
semantic structure of content organization). The patients were
able to consolidate only a smaller amount of visual and auditory
verbal information. With every recall, memory is reconstructed
and its content is recategorized. Reconsolidation always follows
recategorization. This trend is consistent with pronounced
distortion of information during reconsolidation.

Considering the need for improving the quality of life of
parkinsonian patients, mnemotechnics should be included in
the programs of social adaptation. Mnemotechnics will facilitate
consolidation and reconsolidation of visual and semantic
information regardless of PD type and, therefore, involvement
of cortical and subcortical brain structures into the process at
the morphofunctional level through creation of new neuronal
connections. Optimization of mnestic processes of consolidation
and reconsolidation will in turn increase the compensatory and
adaptive potential, as well as the quality of life of patients with PD.
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FACTORS ASSOCIATED WITH INCREASE IN ALCOHOL CONSUMPTION DURING FIRST MONTHS
OF COVID-19 PANDEMIC AMONG ONLINE SOCIAL MEDIA USERS IN RUSSIA

Gil AU B2, Demin AK
Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

The significant proportion of the Russian population are active online social media users. Changes in alcohol consumption in this target group during the COVID-19
pandemic remain understudied. The aim of this survey was to investigate changes in alcohol consumption and factors associated with the increase in alcohol
use among online social media users in Russia during the first months of the COVID-19 pandemic. An online survey was conducted among 1,518 users of online
social networking services popular in Russia from June to September 2020. The survey revealed that 35.4% of men and 25.6% of women started drinking more
frequently during the first months of the pandemic; 24.9% of men and 17.7% of women increased their usual consumption (volume) of alcohol on a typical drinking
occasion, whereas 28.5% of men and 27.9% of women increased the frequency of heavy episodic drinking. Adjusted binary logistic regression analysis revealed
a positive association between the increase in the frequency of alcohol consumption and the following factors: age from 18 to 29 years (OR: 1.710; 95% ClI:
1.002-2.917), severe restrictions in everyday private life (OR: 3.127; 95% CI: 1.011-9.675) and severe negative professional or financial consequences due to
the spread of SARS-CoV-2 (OR: 2.247; 95% Cl: 1.131-4.465). The odds of an increase in the frequency of heavy episodic drinking were more than twice higher
(OR: 2.329; 95% Cl: 1.001-5.428) among those who had experienced severe negative consequences of the pandemic to their professional and financial situation.
Higher typical frequency and usual consumption (volume) of alcohol on a typical drinking occasion and higher typical frequency of heavy episodic drinking before
the pandemic were positively significantly associated with the increase in these parameters of alcohol consumption during the first months of the pandemic.
In times of large-scale epidemics and public health crises, it is advisable to consider the possibility of implementing screening and brief interventions, including via
online social media, to prevent problems associated with alcohol use.
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®AKTOPbI, BSBAUMOCBA3AHHbBIE C POCTOM MNOTPEBJIEHUST AJTKOTIOJ151 B MEPBbBIE MECSILIbI
NMAHOEMWM COVID-19 CPEOU MOJIb3OBATEJIEU COLMAJIbHBIX OHITANH-CETEN B POCCUN

A O, T B2 AL K. AéMuH
MepBblii MOCKOBCKMIN roCyAapCTBEHHbI MEOVLIMHCKIA YHUBEPCUTET UMeHM V1. M. Ceverosa (CeveHoBckuin YHrBepcuTeT), Mockea, Poccust

3HaunTeNbHas YacTb HACeneHs akTMBHO MOMb3YETCA COLManbHbIMM OHMNANH-CETAMM, OAHAKO M3MEHEHWs NoTPebneHns ankorons B STOW Lienesow rpynne B
nepwiog, naHgemun COVID-19 manomndydeHbl. Liensio ncenegoBaHms 6bino OLEHUTb U3MEHEHUST NOTPEONEHNA ankorond 1 hakTopoB, CBA3aHHbIX C POCTOM
ero notpebneHns, B nepsble Mecsupl naHaemun COVID-19 cpenn nonb3osaTenein coumanbHbIX OHNanH-ceTein B Poccun. B nepuog ¢ MioHA Mo CeHTStpb
2020 . 1518 nonb3oBateneit Hambonee NONynspHbIX B Poccum coupanbHbix OHMaiH-CeTel NPOLLM ONPOC B OTHOLLEHWM M3MEHEHWIN NOTPEbNEHVst ankorons
B nepsble MecsLpl naHgemn COVID-19. BbigeneHo, 4TO B nepsble MecsAlbl naHaeMnn 35,4% MyxxduH 1 25,6% »EHLLUWH YBENMHMAN HacToTy yroTpebneHmns
ankoronst; 24,9% My>X4H 1 17,7% >eHLUWH YBenn41an pasoBblii 06bemM NOTpebneHnst ankorons, 1 28,5% My>X4vH 1 27,9% >EeHLLUWH YBENNYUIn YacToTy
ClNy4aeB anM30aM4eckoro ynoTpebneHns ankorons B 60MbLIMX padoBbix KonmMyecTBax. Ha MHoroakTopHoM ypoBHe BodpacT 18-29 net (OLU = 1,710; 95%
O = 1,002-2,917), 04eHb CubHbIE OrpaHyeHnst B MOBCEeAHEBHOM »xun3Hn (3,127; 1,011-9,675) n o4eHb CuibHble HeraTvBHbIE NMOCNEACTBUA B OTHOLLEHWUN
npodeccroHanbHOM 1 (hHaHCOBOW CUTyauum B CBSI3W ¢ pacnpocTpaHeHnem SARS-CoV-2 (2,247; 1,131-4,465) Oblnn NONOXMTENBHO B3aMMOCBA3aHb! C
POCTOM YacTOTbl NOTPebneHns ankorons. LLiaHch! yBenmyeHns 4acToTbl aNM30AMHECKOrO YNOTPEONeHNS ankorons B 60MbLUMX Pa3oBbiX KOAMYeCTBax Oblan
6onee Yem B ABa pasa Bbiwe (2,329; 1,001-5,428) cpeaun nuLl, NCMbITaBLUMX OYEHb CUMbHbIE HEraT1BHbIE MOCNEACTBMSA B OTHOLLEHWN NPOdECCUOHaNbHOM Nn
hrHaHCOBOW cuTyauun. Bonee BbICOKME NPUBbIYHbIE HacToTa YNOTPebeHVst ankoross, pa3oBbii 06beM YNoTPebSeMoro ankorons 1 YactoTa an3oan4ecKoro
YNOTPEONEHNS aNKOrons B 60MbLUMX PA30BbIX KOMMHECTBAaxX A0 MaHAEMUN bl MONOXKUTENBHO CTATUCTUHECKN 3HAYMMO CBS3aHbl C POCTOM 3TVX MapaMeTpoB
NMoTPeBeHNs ankoronsi B NnepBble MecsiLbl MaHAeMUN.
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Decisive action taken to counter COVID-19 in Russia and
worldwide during the first months of the pandemic slowed the
spread of SARS-CoV-2 infection, but it also had a significant
impact on many other aspects of life. During the nationwide
Russian lockdown, implemented in the second quarter of 2020,
the official unemployment rate grew by 2.1%, reaching 6.4%,
and the real disposable income of the population fell by 8.4% in
comparison with the same period in 2019 [1]. Income reduction
and complete loss of income were reported by 61% and 13.5%
of the population, respectively; 9.8% of the Russian population
lost their jobs [2]. According to recent studies investigating the
impact of COVID-19 restrictions across countries, the rates of
depression, anxiety and stress among some population groups,
especially among women, young adults and people with
chronic diseases, have increased [3, 4]. In times of crisis, some
turn to alcohol to cope with psychoemotional stress; this can
heighten the risk of adverse short-term and long-term health
effects and negative social consequences [5, 6]. Increased
substance use following large-scale disasters is often the sign
of people adopting a self-medicating strategy to deal with
emotional distress [7-9]. Research warns that the COVID-19
pandemic may lead to a medium- and long-term increase in
alcohol consumption, especially among men [10]. Early studies
into the effects of the pandemic have discovered an association
between poor overall mental health and increased alcohol use
[11]. According to a study conducted in Canada, stress was
the third most common (44%) cause of drinking during the
pandemic. In the USA, psychological distress caused by the
pandemic was associated with increased frequency of alcohol
use in both men and women [12]. Research demonstrates that
while some proportion of the adult population are increasing their
alcohol consumption during the pandemic, an equal proportion
are cutting down on alcohol, and 50-70% of the population are
not changing their level of alcohol consumption [11, 13]. Because
changes in alcohol consumption during the current pandemic
may have serious long-term social and economic implications
for individuals, groups of people and society as a whole [14, 15],
there is a need to monitor these changes and analyze the
contributing factors that come forward during a large-scale crisis.

In Russia, online social networking services are actively
used by the significant proportion of the population. This opens
up a possibility to rapidly assess alcohol consumption among
Russian residents and remotely (i.e., via the Internet) implement
brief interventions aimed at preventing health problems and
other adverse outcomes associated with alcohol use. The aim
of this study was to assess changes in alcohol consumption
and the factors associated with the increase in alcohol use
in the first months of the COVID-19 pandemic among online
social media users in Russia in order to explore the possibility
of delivering screening and preventive interventions, including
those implemented via the Internet, aimed at identifying
and preventing alcohol-related problems during large-scale
epidemics and public health crises.

METHODS

An anonymous online survey was conducted from June 18 to
September 30, 2020 among users of online social media popular
in Russia (Odnoklassniki, VKontakte, Facebook and Twitter). The
following inclusion criteria were applied: age > 18 years, being
an Internet user with or without a user account in the online
social media mentioned above, informed consent to participate
in the anonymous confidential online survey. Non-inclusion
criteria: permanent residence of the respondent outside Russia.
Exclusion criteria: refusal to participate or have one’s personal data
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processed at any stage of the study, inconsistent contradictory
answers to the questions included in the survey. Any participant
could refuse to participate at any stage of the study. The link to the
survey was posted in the online social media in various groups,
on popular pages and in the news feed. The survey was adapted
from the pan-European study of alcohol use during the COVID-19
pandemic [10] and modified to assess alcohol consumption
behaviors in the 3 months preceding the survey. A few original
questions were added to the questionnaire to assess consumption
of unrecorded alcohol, such as the homemade alcohol (samogon,
homemade wine, braga), alcohol brought from abroad, falsified
and counterfeit alcoholic beverages, alcohol-containing liquids
not intended for drinking, and other types of unrecorded alcohol.
Changes in alcohol use during the first months of the pandemic
were assessed from changes in the amount and frequency of
alcohol consumption and the frequency of heavy episodic drinking
defined as 6 or more drinks or 60g of pure ethanol on a single
occasion. Statistical analysis included calculation of descriptive
statistics and estimation of the proportion of respondents stratified
by sociodemographic or other characteristics who had reduced
or increased the frequency of drinking or the amount of alcohol
consumed. We also assessed associations between the increase
in drinking frequency / amount of consumed alcohol during the
first months of the pandemic (dependent variables) and the
sociodemographic factors, typical frequency of drinking, the typical
amount of consumed alcohol, and the typical frequency of heavy
episodic drinking in the past 12 months preceding the pandemic,
the perceived strength of COVID-19-associated restrictions in
public and everyday private life, stress, negative impact of the
pandemic on professional and financial situation, and other
adverse conseqguences of the pandemic (independent variables).
The presence, direction, strength and statistical significance of the
associations were assessed using unadjusted and adjusted binary
logistic regression analysis. Odds ratios (OR) and 95% confidence
intervals (95% CI) were calculated as measures of association.
Data processing and statistical analysis were conducted in SPSS
v.22 (Chicago, IL; USA).

RESULTS

Of 1,518 respondents, 57.9% were women and 42.1% were
men. The majority of the respondents (87.1%) had had an
alcoholic drink at least once in 12 months preceding the study
(Table 1). Over half of the respondents (55.9%) were 30-49 years
old and almost two-thirds had attended and/or completed
higher education (63.8%). More men than women lived in
larger settlements (p = 0.010) and higher-income households
(o < 0.001). During the first months of the pandemic, their income
had changed or fallen less often than that of women (p = 0.014).
The usual frequency of drinking, the number of standard drinks
consumed on a typical occasion, the frequency of heavy episodic
drinking, and the proportion of persons consuming unrecorded
alcohol were higher among men than among women (o < 0.001).
Overall, the male respondents reported they had encountered
restrictions in public (p = 0.007) and everyday private (o = 0.003)
life less often than women. However, almost a quarter of men
(23.2%) and a third of women (30.8%) said they had encountered
severe restrictions in public life, whereas one-fifth of men (19.9%)
and a quarter of women (25.4%) reported having faced severe
restrictions in their everyday private life during the first months of
the pandemic. Men had experienced the negative effects of the
pandemic on their professional or financial situation significantly
less frequently than women (p = 0.005). Only 30.4% of men and
23.5% of women reported they had experienced no negative
effects on their professional or financial situation. The pandemic
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was a source of stress for 50.4% of men and 69.5% of women
(o < 0.001). A history of confirmed SARS-CoV-2 infection in
a respondent, their family or close friends was reported by
21.9% of the participants, with no significant differences by sex
(Table 1). In the first months of the pandemic, 35.4% of men
and 25.6% of women had used alcohol more frequently than
before the pandemic; 24.9% of men and 17.7% of women had
increased usual consumption (volume) of alcohol on a typical
drinking occasion; the frequency of heavy episodic drinking had
increased in 28.5% of men and 27.9% of women.

Results of unadjusted and adjusted logistic regression
analysis are shown in Tables 2—4.

Factors associated with the increase in the frequency
of alcohol consumption during the first months of the
pandemic

After adjustment for confounders, positive statistically significant
associations between the increase in the frequency of alcohol
consumption during the first months of the pandemic and the
following factors were identified: age of 18-29 years (OR: 1.710;

95% Cl: 1.002-2.917), higher typical frequency of alcohol use
before the pandemic (from OR: 3.190, 95% CI: 1.887-5.392
for consumption 2-4 times a months, to OR: 18.727, 95% Cl:
9.639-36.383 for consumption more than 2-3 times a month),
higher usual consumption (volume) of alcohol on a typical
drinking occasion before the pandemic (from OR: 1.941, 95%
Cl: 1.244-3.029 to OR: 2.234, 95%Cl: 1.180-4.233), heavy
episodic drinking with a frequency of once a month (OR: 2/061;
95% Cl: 1.157-3.671) and once a week before the pandemic
(OR: 2.012; 95% Cl: 1.081-3.746), severe restrictions in
everyday private life due to SARS-CoV-2 containment measures
(OR: 3.127; 95% CI: 1.011-9.675) and severe negative
consequences of the pandemic to the professional or financial
situation (OR: 2.247; 95% Cl: 1.131-4.465, Table 2).

Factors associated with the increase of the usual
consumption (volume) of alcohol on a typical drinking
occasion during the first months of the pandemic

Positive statistically significant associations were identified
between the increase of the usual consumption (volume) of

Table 1. Sociodemographic characteristics of the respondents and characteristics related to typical alcohol use and the SARS-CoV-2 pandemic, by sex (%)

Characteristic Men Women Both sexes o
n (%) n (%) n (%)
Age (years)
18-29 150 (23.5) 172 (19.6) 322 (21.2)
30-49 351 (54.9) 497 (56.5) 848 (55.9) 0.159
> 50 138 (21.6) 210 (23.9) 348 (22.9)
Education
Secondary or below 143 (22.4) 161 (18.3) 304 (20.0)
Primary /vocational school or college 95 (14.9) 151 (17.2) 246 (16.2) 0.108
Higher (complete or incomplete) 401 (62.8) 567 (64.5) 968 (63.8)
Settlement size
< 50,000 population 111 (17.4) 196 (22.3) 307 (20.2)
50,000 to 1 million 251 (39.3) 362 (41.2) 613 (40.4) 0.010
Over 1 million 277 (43.3) 321 (36.5) 598 (39.4)
Income per household member (rubles)
< 9,999 130 (20.3) 221 (25.1) 351 (23.1)
10,000-19,999 157 (24.6) 225 (25.6) 382 (25.2)
20,000-39,999 136 (21.3) 226 (25.7) 362 (23.8) < 0.001
40,000-59,999 116 (18.2) 128 (14.6) 244 (16.1)
> 60,000 100 (15.6) 79 (9.0) 179 (11.8)
Changes in the average monthly household income since the beginning of the SARS-CoV-2 pandemic
Did not change or increased 341 (53.4) 402 (45.7) 743 (48.9)
Slightly fell 124 (19.4) 187 (21.3) 311 (20.5) 0.014
Moderately fell 79 (12.4) 149 (17.0) 228 (15.0)
Dropped significantly 95 (14.9) 141 (16.0) 236 (15.5)
Typical frequency of alcohol use in the past 12 months before pandemic
Never 84 (13.4) 108 (12.6) 192 (12.9)
Once a month or less frequently 121 (19.3) 314 (36.5) 435 (29.3)
2-4 times a month 183 (29.2) 227 (26.4) 410 (27.6) < 0.001
2-3 times a week 118 (18.8) 116 (13.5) 234 (15.7)
More often than 2-3 times a week 121 (19.3) 95 (11.0) 216 (14.5)
Number of standard alcoholic drinks consumed on a typical drinking occasion in the past 12 months before pandemic**
1-2 136 (26.0) 424 (57.1) 560 (44.2)
3-6 256 (48.9) 256 (34.5) 512 (40.4) < 0.001
7+ 131 (25.0) 63 (8.5) 194 (15.3)
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Table 1 cont.

Characteristic Men Women Both sexes o
n (%) n (%) n (%)
Typical frequency of heavy episodic drinking (6 or more standard drinks on a single occasion) in the past 12 months before pandemic
Never 191 (31.3) 446 (52.3) 637 (43.6)
Less than once a month 124 (20.3) 176 (20.7) 300 (20.5)
Once a month 96 (15.7) 102 (12.0) 198 (13.5) <0.001
Once a week 136 (22.3) 96 (11.3) 232 (15.9)
Every day or almost every day 63 (10.3) 32 (3.8) 5 (6.5)
Reported consumption of unrecorded alcohol
Yes 320 (51.3) 359 (41.9) 679 (45.8)
No 304 (48.7) 498 (58.1) 802 (54.2) <0001
Reported encountering COVID-19-related restrictions in public life in the past 3 months
No restrictions 61 (9.7) 5 (7.5) 126 (8.4)
Slight restrictions 222 (35.3) 267 (30.8) 489 (32.7) 0.007
Moderate restrictions 200 (31.8) 267 (30.8) 467 (31.2)
Severe restrictions 146 (23.2) 267 (30.8) 413 (27.6)
Reported encountering COVID-19-related restrictions in their everyday private life in the past 3 months

No restrictions 81 (12.8) 2 (8.3) 153 (10.2)
Slight restrictions 255 (40.3) 317 (36.6) 572 (38.2) 0.003
Moderate restrictions 171 (27.0) 257 (29.7) 428 (28.6)
Severe restrictions 126 (19.9) 220 (25.4) 346 (23.1)

Reported negative consequences of the pandemic to their professional or financial situation in the past 3 months
No negative consequences 189 (30.4) 203 (23.5) 392 (26.4)
Slight negative consequences 235 (37.8) 336 (38.9) 571 (38.5) 0.005
Moderate negative consequences 114 (18.4) 163 (18.9) 277 (18.7)
Severe negative consequences 83 (13.4) 161 (18.7) 244 (16.4)

Reported confirmed SARS-CoV-2 infection in themselves, their family or close friends in the past 3 months
Yes 137 (22.1) 186 (21.8) 323 (21.9) 0.949
No 484 (77.9) 667 (78.2) 1151 (78.1)
Reported stress due to the spread of SARS-CoV-2 in the past 3 months
Yes 292 (50.4) 574 (69.5) 866 (61.6)
No 287 (49.6) 252 (30.5) 539 (38.4) <0001
Note: * — significance of differences between the groups was assessed using x?-test for heterogeneity; ** — among alcohol drinkers (those who consumed

alcohol at least once in the past 12 months).

Table 2. Associations of sociodemographic factors, typical frequency and volume of alcohol use, unrecorded alcohol consumption, negative consequences

of the COVID-19 pandemic with the increase in the frequency of alcohol consumption in the first months of the COVID-19 pandemic, 2020, (OR, 95% Cl)

Respondents who increased
frequency of alcohol Unadjusted Adjusted
Variables consumption
n/N % R (95% ClI) OR (95% ClI)
Sex
Male 191/539 35.4 1.511 (1.188-1.921) 0.946 (0.664-1.348)
Female 198/743 26.6 1.0 1.0
Age (years)
18-29 91/267 34.1 1.559 (1.076-2.257) 1.710 (1.002-2.917)
30-49 228/734 31.1 1.358 (0.994-1.856) 1.082 (0.690-1.698)
> 50 70/281 24.9 1.0 1.0
Education
Secondary or below 69/236 29.2 1.610 (1.027-2.525) 1.514 (0.807-2.839)
Primary /vocational school or college 39/191 20.4 1.0 1.0
Higher (complete or incomplete) 281/855 329 1.908 (1.305-2.789) 1.644 (0.952-2.842)
Settlement size
< 50,000 population | 54/240 | 225 0.506 (0.356-0.718) 0.952 (0.576-1.574)
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Table 2 cont.

Respondents who increased

frequency of alcohol Unadjusted Adjusted
Variables consumption
n/N % OR (95% Cl) OR (95% ClI)
50,000 to 1 million 141/510 27.6 0.666 (0.512-0.865) 1.272 (0.871-1.858)
Over 1 million 194/532 36.5 1.0 1.0

Income per household member (rubles)

< 9,999 73/276 26.4 0.622 (0.409-0.944) 1.048 (0.561-1.957)
10,000-19,999 83/305 27.2 0.646 (0.430-0.972) 1.009 (0.569-1.791)
20,000-39,999 101/321 31.5 0.794 (0.533-1.181) 1.222 (0.705-2.117)
40,000-59,999 73/219 33.3 0.864 (0.564-0.324) 0.934 (0.528-1.650)
> 60,000 59/161 36.6 1.0 1.0
Changes in the average monthly household income since the beginning of the SARS-CoV-2 pandemic

Did not change or increased 166/628 26.4 1.0 1.0

Slightly fell 84/258 32.6 1.344 (0.980-1.841) 1.074 (0.687-1.680)
Moderately fell 58/194 29.9 1.187 (0.832-1.693) 0.822 (0.485-1.393)
Dropped significantly 81/202 40.1 1.863 (1.336-2.598) 1.432 (0.803-2.552)

Typical frequency of alcohol use in the past 12 months before pandemic

Once a month or less frequently 32/430 7.4 1.0 1.0

2-4 times a month 110/404 27.2 4.653 (3.053-7.093) 3.190 (1.887-5.392)
2-3 times a week 115/233 49.4 12.121 (7.788-18.865) 7.017 (3.898-12.632)
More often than 2-3 times a week 132/215 61.4 19.780 (12.576-31.110) 18.727 (9.639-36.383)

Number of standard alcohol

ic drinks consumed on a typical drinking occasion in the past 12 months before pandemic

1-2 84/517 16.2 1.0 1.0

3-6 198/505 39.2 3.325 (2.477-4.461) 1.941 (1.244-3.029)
7+ 91/186 48.9 4.938 (3.409-7.152) 2.234 (1.180-4.233)

Typical frequency of heavy episodic drinking (6 or more standard drinks on a single occasion) in the past 12 months before pandemic

Never 61/441 13.8 1.0 1.0

Less than once a month 69/289 23.9 1.954 (1.333-2.864) 1.184 (0.712-1.969)
Once a month 77/192 40.1 4.171 (2.809-6.194) 2.061 (1.157-3.671)
Once a week 119/229 52.0 6.739 (4.634-9.801) 2.012 (1.081-3.746)
Every day or almost every day 51/92 55.4 7.749 (4.738-12.674) 1.094 (0.444-2.695)

Reported consumption of unrecorded alcohol

Yes 221/642 34.4 1.498 (1.174-1.912) 1.246 (0.897-1.730)

No 158/609 25.9 1.0 1.0
Reported encountering COVID-19-related restrictions in public life in the past 3 months

No restrictions 17/87 19.5 1.0 1.0

Slight restrictions 84/407 20.6 1.071 (0.598-1.916) 0.703 (0.250-1.977)

Moderate restrictions 133/413 32.2 1.956 (1.108-3.454) 1.068 (0.349-3.270)

Severe restrictions 151/363 41.6 2.933 (1.659-5.184) 1.020 (0.315-3.299)

Reported encounter

ing COVID-19-related restrictions in their everyday private life in the past 3 months

No restrictions 18/111 16.2 1.0 1.0

Slight restrictions 101/470 21.5 1.414 (0.815-2.453) 1.636 (0.622-4.304)
Moderate restrictions 133/385 34.5 2.727 (1.579-4.711) 2.594 (0.890-7.564)
Severe restrictions 134/304 441 4.073 (2.342-7.081) 3.127 (1.011-9.675)

Reported negative consequences of the pandemic to their

professional or financial situation in the past 3 months

No negative consequences 65/318 20.4 1.0 1.0

Slight negative consequences 142/492 28.9 1.579 (1.129-2.208) 1.240 (0.772-1.990)
Moderate negative consequences 87/239 36.4 2.228 (1.525-3.255) 1.524 (0.848-2.739)
Severe negative consequences 89/211 42.2 2.839 (1.930-4.177) 2.247 (1.131-4.465)

Reported confirmed S,

ARS-CoV-2 infection in themselves, their family or close friends in the past 3 months

Yes 82/278 29.5 0.956 (0.714-1.280) 0.846 (0.575-1.245)

No 295/969 30.4 1.0 1.0
Reported stress due to the spread of SARS-CoV-2

Yes 254/746 34.0 1.587 (1.218-2.068) 1.306 (0.892-1.911)

No 108/440 24.5 1.0 1.0
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alcohol on a typical drinking occasion during the pandemic
and the following factors: drinking alcohol 2 times a week and
more often before the pandemic (from OR: 2.587; 95% Cl:
1.360-4.918 to OR: 12.021; 95% ClI: 5.712-25.300),
consuming 3 or more alcoholic drinks on a typical drinking

occasion before the pandemic (for 3—-6 drinks OR: 2.145;
95% Cl: 1.270-3.623; for 7 or more drinks OR: 2.922; 95%
Cl: 1.448-5.894) and increased frequency (once a week) of
heavy episodic drinking (OR: 2.380; 95% CI: 1.180-4.800)
(Table 3).

Table 3. Associations of sociodemographic factors, typical frequency and volume of alcohol use, consumption of unrecorded alcohol, negative consequences
of the COVID-19 pandemic with the increase in the usual consumption (volume) of alcohol on a typical drinking occasion in the first months of the COVID-19 pandemic,

2020, (OR, 95% Cl)

Variables

Respondents who increased
the usual consumption
(volume) of alcohol on a

typical drinking occasion

Unadjusted

Adjusted

n/N % OR (95% Cl) OR (95% ClI)
Sex

Male 129/519 24.9 1.537 (1.166-2.026) 0.875 (0.592-1.295)
Female 127/717 17.7 1.0 1.0

Age (years)
18-29 55/261 211 1.353 (0.872-2.100) 1.609 (0.875-2.961)
30-49 157/708 22.2 1.444 (0.999-2.088) 1.396 (0.838-2.325)
> 50 44/267 16.5 1.0 1.0

Education
Secondary or below 49/244 21.9 1.680 (0.990-2.851) 1.810 (0.884-3.703)
Primary /vocational school or college 25/175 143 1.0 1.0
Higher (complete or incomplete) 182/837 21.7 1.667 (1.059-2.625) 1.797 (0.950-3.398)

Settlement size

< 50,000 population 39/232 16.8 0.614 (0.412-0.915) 0.986 (0.568-1.709)
50,000 to 1 million 90/491 18.3 0.682 (0.503-0.925) 1.017 (0.664-1.558)
Over 1 million 127/513 24.8 1.0 1.0

Income per household member (rubles)

< 9,999 54/259 20.8 0.926 (0.573-1.497) 1.300 (0.647-2.609)
10,000-19,999 60/295 20.3 0.897 (0.561-1.436) 1.434 (0.755-2.723)
20,000-39,999 66/310 21.3 0.951 (0.598-1.511) 1.473 (0.794-2.734)
40,000-59,999 41/214 19.2 0.833 (0.502-1.383) 0.887 (0.460-1.710)
> 60,000 35/158 22.2 1.0 1.0
Changes in the average monthly household income since the beginning of the SARS-CoV-2 pandemic

Did not change or increased 102/603 16.9 1.0 1.0

Slightly fell 50/255 19.6 0.417 (0.288-0.603) 0.917 (0.550-1.528)
Moderately fell 41/186 22.0 0.499 (0.324-0.769) 0.990 (0.559-1.753)
Dropped significantly 63/192 32.8 0.579 (0.366-0.916) 1.686 (0.915-3.104)

Typical frequency of alcohol use in the past 12 months before pandemic

Once a month or less frequently 21/421 5.0 1.0 1.0

2-4 times a month 66/386 171 3.929 (2.353-6.559) 2.587 (1.360-4.918)
2-3 times a week 70/225 31.1 8.602 (5.105-14.494) 4.617 (2.309-9.233)
More often than 2-3 times a week 99/204 48.5 17.959 (10.703-30.136) 12.021 (5.712-25.300)

Number of standard alcohol

ic drinks consumed on a typical drinking occasion in the past 12 months before pandemic

1-2 44/509 8.6 1.0 1.0
3-6 132/492 26.8 3.875 (2.682-5.598) 2.145 (1.270-3.623)
7+ 76/186 40.9 7.302 (4.771-11.174) 2.922 (1.448-5.894)
Typical frequency of heavy episodic drinking (6 or more drinks on a single occasion) in the past 12 months before pandemic
Never 32/440 7.3 1.0 1.0
Less than once a month 45/284 15.8 2.401 (1.485-3.882) 1.434 (0.781-2.632)
Once a month 43/192 22.4 3.680 (2.244-6.034) 1.876 (0.956-3.681)
Once a week 90/228 39.5 8.315 (5.317-13.004) 2.380 (1.180-4.800)
Every day or almost every day 46/92 50.0 12.750 (7.397-21.978) 2.376 (0.905-6.240)

Reported consumption of unrecorded alcohol

Yes

145/620 23.4

1.385 (1.046-1.834)

0.906 (0.628-1.308)

No

106/587 18.1

1.0

1.0
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Table 3 cont.

Variables

Respondents who increased
the usual consumption
(volume) of alcohol on a

typical drinking occasion

Unadjusted

Adjusted

n/N % OR (95% CI) OR (95% CI)
Reported encountering COVID-19-related restrictions in public life in the past 3 months
No restrictions 13/84 15.5 1.0 1.0
Slight restrictions 49/378 13.0 0.813 (0.419-1.579) 1.092 (0.341-3.497)
Moderate restrictions 88/408 21.6 1.502 (0.795-2.839) 1.472 (0.409-5.298)
Severe restrictions 104/357 291 2.245 (1.191-4.231) 1.539 (0.407-5.820)

Reported encountering COVID-19-related restrictions

in their everyday private life in the past 3 months

No restrictions 16/108 14.8 1.0 1.0

Slight restrictions 55/449 12.2 0.803 (0.440-1.464) 0.809 (0.282-2.318)
Moderate restrictions 93/374 24.9 1.903 (1.065-3.400) 1.767 (0.550-5.681)
Severe restrictions 91/296 30.7 2.552 (1.421-4.584) 1.737 (0.509-5.931)

Reported negative consequences of the pandemic to their

professional or financial situation in the past 3 months

No negative consequences 42/308 13.6 1.0 1.0

Slight negative consequences 83/472 17.6 1.351 (0.903-2.021) 0.976 (0.566-1.683)
Moderate negative consequences 60/232 25.9 2.209 (1.425-3.425) 1.453 (0.761-2.776)
Severe negative consequences 67/205 32.7 3.075 (1.986-4.761) 2.072 (0.983-4.369)

Reported confirmed SARS-CoV-2 infection in themselves, their family or close friends in the past 3 months

Yes 47/270 17.4 0.772 (0.544-1.098) 0.686 (0.442-1.064)

No 200/933 214 1.0 1.0
Reported stress due to the spread of SARS-CoV-2

Yes 168/726 231 1.523 (1.116-2.077) 1.265 (0.819-1.952)

No 69/418 16.5 1.0 1.0

Table 4. Associations of sociodemographic factors, typical frequency and volume of alcohol use, consumption of unrecorded alcohol, negative consequences
of the COVID-19 pandemic with the increase in the frequency of heavy episodic drinking in the first months of the COVID-19 pandemic, 2020, (OR, 95% CI)*

Respondents who increased
the frequency of heavy

Unadjusted

Adjusted

Variable episodic drinking
n/N ORé%5% OR (95% Cl) OR (95% C))
Sex
Male 117/411 28.5 1.028 (0.755-1.400) 0.759 (0.497-1.159)
Female 108/387 27.9 1.0 1.0
Age (years)
18-29 50/173 28.9 1.370 (0.831-2.260) 1.732 (0.867-3.462)
30-49 140/472 29.7 1.422 (0.929-2.176) 1.363 (0.762-2.437)
> 50 35/153 22.9 1.0 1.0
Education
Secondary or below 47171 27.5 1.401 (0.792-2.477) 1.487 (0.700-3.157)
Primary /vocational school or college 23/108 21.3 1.0 1.0
Higher (complete or incomplete) 155/519 29.9 1.574 (0.957-2.588) 1.476 (0.753-2.894)
Settlement size
< 50,000 population 36/153 235 0.698 (0.451-1.080) 1.043 (0.567-1.918)
50,000 to 1 million 81/292 27.7 0.871 (0.619-1.226) 1.534 (0.944-2.493)
Over 1 million 108/353 30.6 1.0 1.0
Income per household member (rubles)
< 9,999 53/177 29.9 1.187 (0.688-2.047) 1.458 (0.680-3.130)
10,000-19,999 48/184 26.1 0.980 (0.566-1.698) 1.210 (0.589-2.488)
20,000-39,999 57/195 29.2 1.147 (0.670-1.964) 1.299 (0.650-2.596)
40,000-59,999 40/140 28.6 1.111 (0.627-1.970) 1.218 (0.593-2.501)
> 60,000 27/102 26.5 1.0 1.0
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Changes in the average monthly household income since the beginning of the SARS-CoV-2 pandemic

Did not change or increased 90/380 23.7 1.0 1.0

Slightly fell 43/167 25.7 1.117 (0.734-1.700) 1.087 (0.618-1.914)
Moderately fell 41/130 315 1.484 (0.957-2.303) 1.246 (0.664-2.337)
Dropped significantly 51/121 421 2.348 (1.525-3.614) 1.624 (0.812-3.246)

Typical frequency of alcohol use in the past 12 months before pandemic

Once a month or less frequently 13/142 9.2 1.0 1.0

2-4 times a month 56/277 20.2 2.514 (1.324-4.775) 1.315 (0.566-3.056)
2-3 times a week 64/192 33.3 4.962 (2.605-9.451) 2.756 (1.137-6.679)
More often than 2-3 times a week 92/187 49.2 9.610 (5.076-18.194) 6.581 (2.585-16.749)

Number of standard alcohol

ic drinks consumed on a typical drinking occasion in the past 12 months before pandemic

1-2 21171 12.3 1.0 1.0

3-6 122/403 30.3 3.101 (1.874-5.132) 1.583 (0.836-2.999)
7+ 78/184 42.4 5.256 (3.056-9.040) 2.202 (1.014-4.779)

Typical frequency of heavy episodic drinking (6 or more drinks on a single occasion) in the past 12 months before pandemic

Never 38/288 13.2 1.0 1.0

Less than once a month 46/190 24.2 2.102 (1.306-3.383) 2.561 (1.341-4.893)
Once a month 94/228 41.2 4.615 (2.998-7.104) 3.411 (1.746-6.665)
Once a week 47/92 51.1 6.871 (4.034-11.703) 2.647 (1.030-6.803)
Reported consumption of unrecorded alcohol

Yes 127/430 29.5 1.166 (0.851-1.599) 0.897 (0.596-1.349)
No 1.0 1.0

Reported encountering COVID-19-related restrictions in public life in the past 3 months

No restrictions 12/62 19.4 1.0 1.0

Slight restrictions 48/266 18.0 0.917 (0.454-1.854) 0.943 (0.263-3.379)
Moderate restrictions 79/239 33.1 2.057 (1.037-4.082) 1.553 (0.381-6.329)
Severe restrictions 81/224 36.2 2.360 (1.188-4.689) 0.820 (0.187-3.599)

Reported encounter

ing COVID-19-related restrictions in their everyday private life in the past 3 months

No restrictions 12/83 14.5 1.0 1.0

Slight restrictions 57/295 19.3 1.417 (0.720-2.787) 1.513 (0.467-4.899)
Moderate restrictions 78/222 35.1 3.205 (1.638-6.269) 2.690 (0.720-10.055)
Severe restrictions 75/191 39.3 3.825 (1.944-7.530) 3.889 (0.969-15.608)

Reported negative consequences of the pandemic to their

professional or financial situation in the past 3 months

No negative consequences 40/195 20.5 1.0 1.0
Slight negative consequences 72/306 23.5 1.192 (0.771-1.845) 0.699 (0.383-1.275)
Moderate negative consequences 54/153 35.3 2.114 (1.307-3.417) 1.280 (0.625-2.621)
Severe negative consequences 57/132 43.2 2.945 (1.805-4.804) 2.329 (1.001-5.428)
Reported confirmed SARS-CoV-2 infection in themselves, their family or friends in the past 3 months)
Yes 48/171 28.1 0.986 (0.676-1.438) 0.893 (0.554-1.439)
No 171/603 28.4 1.0 1.0
Reported stress due to the spread of SARS-CoV-2
Yes 140/423 33.1 1.749 (1.251-2.466) 1.004 (0.628-1.606)
No 69/313 22.0 1.0 1.0

Note: * — respondents who had never drunk 6 or more alcoholic drinks on a single occasion in the past 12 months were excluded from the analysis.

Factors associated with the increase in the frequency
of heavy episodic drinking during the first months

of the pandemic

Positive statistically significant associations were identified
between the increase in the frequency of heavy episodic
drinking during the pandemic and the following factors: drinking
alcohol 2-3 times a week (OR: 2.756; 95% ClI: 1.137-6.679) or

more often before the pandemic (OR:

6.581; 95% ClI: 2.585—
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16.749), having 7 or more drinks on a typical drinking occasion
before the pandemic (OR: 2.202; 95% Cl: 1.014-4.779) and
heavy episodic drinking once a month or more often before
the pandemic (from OR: 2.561; 95% CI: 1.341-4.893 to OR:
2.647; 95% Cl: 1.030-6.803) (Table 4). The odds of increase in
the frequency of heavy episodic drinking were significantly more
than two times higher among persons who reported severe
negative consequences of the pandemic to their financial or

professional situation (OR: 2.329; 95% CI: 1.001-5.428).
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DISCUSSION

The associations revealed in our study are corroborated by other
research works conducted in various countries during the first
months of the pandemic. Specifically, in an Israeli study male sex
was associated with increased consumption of beer and strong
liquors [16], whereas in another study conducted in Canada
male sex, stress, the feelings of isolation and hopelessness were
associated with increased frequency of alcohol use in the first
months of the pandemic [17]. In a UK study, stress caused by the
pandemic was associated with the rise in hazardous drinking [18].
High levels of anxiety and stress caused by the pandemic led to the
increase in alcohol use in Australia, France and Canada [17, 19, 2Q].
A few studies investigated changes in alcohol consumption in
the general population unstratified by pandemic-related factors.
Thus, a French publication reported an increase in total alcohol
consumption during the lockdown [20]; by contrast, alcohol use
in Greece and Spain during the lockdown was declining [21, 22)].
However, in Greece and Spain the decline was less pronounced
among stressed individuals and those with low or middle income.
Compared to the prepandemic level, alcohol was purchased in
larger quantities during the lockdown by Russian [23, 24] and
UK households [25]. During the first months of the pandemic,
retail alcohol sales were on the rise in the US [26]. A global study
investigating changes in the availability and use of psychoactive
drugs and alcohol during the pandemic reported a 71% increase
in alcohol consumption across the world [27]. However, according
to another large-scale study, alcohol consumption in the general
population decreased in most European countries, including
Russia, during the first months of the pandemic, mostly due to
the reduction in the frequency of heavy episodic drinking [22].
Our study discovered a significant increase in 3 key
parameters of alcohol consumption during the first months
of the pandemic among those individuals who initially had
consumed alcohol in larger quantities and more frequently.
These key parameters include the frequency of drinking, the usual
consumption (volume) of alcohol on a typical drinking occasion
and the frequency of heavy episodic drinking. These findings
suggest polarization of alcohol use, i.e. a situation when alcohol
consumption grows among those who drink more at baseline and
declines among those who typically drink less. This is consistent
with the results of another online survey conducted in the general
adult population of Russia [28]. The associations established in
our study between the increase in the frequency of alcohol use/
heavy episodic drinking and such COVID-19-related factors
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