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MORPHOFUNCTIONAL STATE OF THE LIVER
IN RATS WITH FATTY HEPATOSIS MODELING AND ALTERED THYROID STATUS
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Abstract. Introduction. The prevalence of thyroid pathology, along with the increasing incidence of hepatobiliary diseases,
necessitates studying the influence of thyroid status on the “natural history” of liver disease development. Objective.
To evaluate the morphofunctional state of the liver in rats with drug-induced hypo- and hyperthyroidism using a model of
chronic fatty hepatosis. Materials and methods. Models of hyperthyroidism (I) and hypothyroidism (1l) were reproduced.
Animals in the experimental groups received 15 and 30% fructose solutions instead of drinking water. Decapitation was
performed after 45 days. Liver fragments were fixed in 10% neutral formalin for 24 hours. Sections with a thickness of 3—
4 um were prepared and subjected to histological examination. Results. The vascularization index was highest in group |
with a 15% fructose load. Liver sinusoids occupied the maximum area relative to the area of the liver tissue image. With a
30% fructose load against a background of hypo- and hyperthyroidism, the lumen of the sinusoids appeared narrowed. The
relative content of connective tissue in the liver parenchyma of the experimental groups did not statistically significantly depend
on the thyroid status and the level of fructose load. The inflammatory activity index averaged 5-6 points in all experimental
groups. Condition | influenced the volume of infiltration by neutrophils, while dystrophic changes in hepatocytes were more
dependent on the level of fructose load. Pronounced granular dystrophy of hepatocytes was revealed in all experimental
groups, as well as a decrease in glycogen stores. In group 1, already at a 15% fructose load, individual cells were in a state
of ballooning degeneration. With a twofold increase in fructose consumption, discomplexation of hepatic plates, granular
protein structures, and significant lipid accumulation in the cytoplasm of hepatocytes were observed in groups | and Il.
Conclusions. A high level of thyroid hormones significantly affects the indicators of inflammatory and proliferative activity
of liver tissue. A low level of thyroid hormones affects the severity of dystrophic changes in hepatocytes. With an increase
in fructose load, both with hypo- and hyperthyroidism, hepatocytes undergo intense dystrophic changes.

Keywords: non-alcoholic fatty liver disease, thyroid status, rats
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Pe3tome. BeedeHue. PacnpocTpaHeHHOCTb TUPEOUAHOW NaTONOrMN HapsiAy C NOBbIWEHWeM UHUMAEHTHOCTH 6o-
nesHei renatobunmapHon cuctembl onpegenseT HeobxoaAMMOCTb U3YYEHNUS BIIMSAHUSA TUPEOMAHOrO cTaTyca Ha
«EeCTECTBEHHYI0 UCTOPUIOY pa3BuTUS 3aboneBaHuin neveHn. Leab — oueHnTb MOPGOMYHKLMOHANBHOE COCTOAHME
neyeHn KpbIC NPy MEANKAMEHTO3HO WHAYLMPOBAHHOM F1NO- U TMNEPTUPEO3e Ha MOLENN XPOHUYECKOTO XMUPOBOTO
renato3a. Mamepuanb! u Memodbl. BocnpousseaeHsl mogenu runeptupeosa (I) v runotupeosa (I1). X)KnBoTHbie
aKCnepuMeHTanbHbIX rpynn (KpbiChl) BMECTO NUTbEBON BoAbl nonyyanu 15 n 30% pactBop ¢pykTo3bl. Yepes 45 cyTok
ocyLlecTBnAnNM aekanutauuno. ®parmeHTsl neveHn dukerposanu B 10% HeilTpanbHOM hopManvHe B TeYeHue 24 4.
W3rotaBnmBanu cpe3bl TONLWWMHON 3—4 MKM 1 NPOBOAMUIMN MUCTONOMMYECKYI0 OLEHKY. Pesynbmambl. IHgekc Backyns-
pusaunn uven Hanbonbluve 3HaveHns npu cocTosiHum | ¢ 15% dpykTO3HOM Harpy3koin. CUHYCOMAbI NEYEHN 3aHUManu
MakcuMarnbHyt Nnowaab OTHOCUTENBHO NNOWAAN CHAMKa TkaHW nevenu. Mpu 30% hpyKTO3HOM Harpy3ke Ha hoHe
rMno- 1 rMnepTMpeo3a NpoCcBET CUHYCOMAOB BbIMAAEN CyXeHHbIM. OTHOCUTENbHOE COAEp)KaHNe COeANHNTENbHOM
TKaHW B NapeHXnMe NeyveHm OnbITHbIX FPYNn CTaTUCTUYECKN 3HAYNMO HE 3aBICENO OT TUPEOMAHOrO CTaTyca U YpOBHS
(hpYKTO3HOW Harpy3ku. MIHAEKC BocnanuTenbHON akTMBHOCTYU B CPEAHEM COCTaBun 5—6 6annoB BO BCEX OMbITHBIX
rpynnax. CoctosiHue | BNNANO Ha 06bem HUNBTPALMM HENTPOPUIBHBIMI NeNKoLMTaMu, B TO BPEMS Kak AUCTPO-
(huyeckmne N3MeHEHNS B renaToLuTax cuilbHee 3aBUCENMN OT YPOBHS Harpy3ku pykTo30i1. BbisBNEHbI BbipaxeHHas
3epHucTas AUCTpodus renatoLMToOB BO BCEX OMbITHBIX FPYNNax u CHUXeHWe 3anacos raukoreHa. Mpw Il — yxe npu
15% pyKTO3HOW Harpy3sku OTAEMbHbIE KNETKX HAXOAUNUCL B COCTOSHUM TMANMHOBO-KanenbHon auctpodun. Mpu
yBenuyeHnn notpebneHns ¢pykTosbl B ABa pa3a Habnoaanm gUCKkoMNneKcauno NeYeHOYHbIX NNaCTUHOK, 3ePHUCTbIE
BenkoBble CTPYKTYpbl M 3HAYNTENbHOE HAKOMMEHNe NUNUAOoB B uuTonnaame renatountos B | v Il rpynnax. Beigodsl.
BbICOKMI1 ypoBeHb TMPEONIHBIX FTOPMOHOB 3HAYMMO BAWUSIET HA NOKa3aTenu BOCNaNUTENbHON 1 NponudgepaTnBHOR
aKTWBHOCTU TKaHW NeYeHn. HW3k1in ypoBeHb TMPEONAHBIX TOPMOHOB BMUSET HA BbIPAXEHHOCTb ANCTPODUYECKNX
n3mMeHeHun B renatouutax. Mpu yBenuyeHn ppyKTo3HOIM Harpy3Kkn Kak npum runo-, Tak 1 Npu runeptupeose renato-
UWTbl NOABEPralTCs MHTEHCUBHBIM ANCTPODUYECKUM U3MEHEHNAM.

KnioueBbie cnoBa: HeankoronbHas xupoeas 6011e3Hb NeYeHU, TUPEOUAHBINA CTaTyC, KpbICh

INTRODUCTION

Thyroid gland (thyroid) diseases are the most common
among all endocrine diseases. Hypo- and hyperthyroid
conditions are in the first and the third place in the structure
of endocrinologic pathology [7, 8], while epidemiologic stu-
dies demonstrate that the proportion of subclinical thyroid
pathology is several times higher than the official sta-
tistics [1, 9].

Thyroid hormones regulate the expression of more
than 100 genes, with tissue-specific changes in the gene

expression [3, 10]. In turn, the products of thyroid-dependent
transcription interact at the level of the whole organism,
and the resulting effects determine comorbidity in thyroid
pathology [5, 11].

In addition, liver disease is currently a serious threat to
public health due to the high prevalence of viral hepatitis,
increased alcohol consumption, obesity epidemic and
somatic pathology [4, 12, 13].

Thus, the high prevalence of thyroid pathology along
with the increased incidence and prevalence of hepatobiliary
system disease determines the need to study the influence
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of thyroid status on the “natural history” of liver disease
development.

AIM

To evaluate the morphofunctional state of rats liver in
the drug-induced hypo- and hyperthyroidism on the model
of fatty change of liver.

MATERIALS AND METHODS

Discription of the general design of the experimental
study. Two series of experimental observations were
performed with the inclusion of 90 Wistar rats (Federal
State Unitary Enterprise “Rappolovo Laboratory Animal
Nursery”, Leningrad Region, Russia) aged 3010 days of
both sexes of 3-4 months old, weighing 250+35 g at the
beginning of the experiment. The number of laboratory
animals was determined by the calculated number of rats
necessary to test the statistical hypothesis (Table 1). In each
series of experiments, each group of laboratory animals was
composed of same-sex individuals. Thus, the experiment
was performed on an equal number of males and females.
The duration of quarantine (an acclimatization period) for all
animals was at least 14 days. During the quarantine, each
animal was examined (their behavior and general condition)
twice a day (in the morning and evening hours). Laboratory
animals suspected of any disease and/or having behavioral
changes were excluded from the study during quarantine.
Rats within each gender were randomized into three equal
groups after the end of quarantine. Randomization of
laboratory animals was performed using the closed envelope
method. The total duration of the experiment excluding
quarantine was 45 days.

Animal housing conditions. The food and the main-
tenance of laboratory animals were in accordance with the

norms of the order of the USSR Ministry of Health 1179 of
October 10th, 1983 “Sanitary rules for the arrangement,
equipment and maintenance of experimental-biological
clinics”. Each group of animals was kept with no more than
4-6 same-sex individuals per group and had access to water
and food ad libidum.

Drug induction of hypo- and hyperthyroidism.
Laboratory animals of the first (I, hyperthyroid, n=32) and
the second (II, hypothyroid, n=32) groups were reproduced
the model of drug-induced hyperthyroidism and hypothyroi-
dism, respectively, by administration of the investigated
substances. The following drugs were administrared: L-
thyroxine (dry substance, RUP “Belmedpreparaty”, Republic
of Belarus) at a dose of 100+£10 pg per 100 g of animal
body weight once a day, propylthiouracil (dry substance,
Merck Selbstmedikation GmbH, Germany) 2.0+£0.15 mg
per 100 g of animal body weight once a day, intragastrically
through atraumatic polyurethane probe daily, starting from
the first day of the experiment. After weighing the laboratory
animals (at least once every 3 days), the required amount of
the tested substance was dissolved in 1.0 ml of indifferent
food gelatin gel (Henan Boom Gelatin Co., Ltd., PRC) and
administered to individuals of the corresponding group. In
order to create the same stress factor, laboratory animals
of comparison group Ill (conditional normothyroidism) also
received 1.0 ml of gel intragastrically through a probe.

A model of fatty change of the liver. Animals were
divided into equal subgroups within groups I, Il and Ill
(hypo-, hyperthyroidism, conditional normothyroidism) in
which instead of drinking water rats received 15 and 30%
fructose solution throughout the research. In the compari-
son group animals against the background of induction of
drug-induced hypo- and hyperthyroidism received drinking
water. 8 laboratory animals were absolute control group.

Blood sampling and withdrawal from the experiment.
After 45 days the animals were removed from the experiment

Table 1
Distribution of animals by groups. Number of series of experiments (total number of animals in the group)
Tabnuuya 1
Pacnpepenenue XMBOTHbIX Mo rpynnam. KonmyecTBo cepuii 3KCNepMMeHTOB (CyMMapHOe KOJIMYeCTBO XKMBOTHbIX B rpynne)
KcnepuMeHTanbHble rpynmb / Homep rpynnbi / Group number
Experimental groups | Il 0]
TupeouaHsin ctatyc / [mnepTupeos / FmnoTupeos / YCnOBHbI HOPMOTUPEOD3 /
Thyroid status Hyperthyroidism Hypothyroidism Conditional normothyroidism
15% bpykTo3a B nournke, n / 12 12 10
15% fructose in the drinker, n
30% cbpykTo3a B nomrnke, n / 12 12 10
30% fructose in the drinker, n
WHTakTHble, n / Intact, n 8 8 6
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by ether vapor overdose. Mixed arteriovenous blood was
collected by puncture from the heart, transferred into a clean
plastic tube and left at room temperature for an hour. Blood
was centrifuged for 15 min at 3000 rpm to obtain serum.
Serum from each animal was examined individually. The
content of transaminases (alanine aminotransferase and
aspartate aminotransferase) of serum was analyzed by UV
kinetic method without pyridoxal phosphate. Total protein
was analyzed by biuret method, total bilirubin was analyzed
by diazosulfanil method (*Vector-Best’, Russia). The
analysis was performed according to the instructions. The
levels of the studied hormones were determined by solid-
phase enzyme immunoassay using standard kits produced
by “NVO Immunotech” for free T, (ImmunoFA-T4), free T,
(ImmunoFA-T3) and TSH (ImmunoFA-TSH).
Morphological study description. Liver fragments
were fixed in 10% neutral formalin for 24 h, after which
they were embedded in paraffin according to the standard
technique. Slices 3-4 microns thick were made and stained
with hematoxylin and eosin, Van Gieson’s picrofuchsin,
Gaidengain’s azocarmine, and Periodic Acid — Schiff
(PAS) reaction. Histological preparations were analyzed
using a light-optical microscope Carl Zeiss Axio Scope
A1 at different magnifications. Morphometric evaluation
was performed in ImagedJ program, plugins segmentation.
Five blocks of liver tissue were made from each animal,
5 sections were made from each block, 20 fields of view
were examined in each tissue section. A total of 500 mea-
surements of each studied parameter were made. Total
relative areas of sinusoidal capillaries (C) and parenchyma
(P) were determined. Hepatocyte necrosis was measured
in points (0 to 10), the severity of dystrophic changes and
inflammatory infiltration in points (0 to 4). Images with an
area of 64 000 um2 (S set) were divided into 80 squares
(N node=63). The following parameters were determined:
the number of mitoses (NM), the number of bi-nucleated
cells (BNC), the number of hepatocytes with one nucleolus
in the nucleus (NON), the number of whole nucleated cells
(NC), and the number of grid crossing points (GCP) not
falling on the slices of hepatocytes and their nuclei.
According to the results of these measurements, the
following was calculated: Parenchymatous density index
(PD =1 - GCP/N node). Functional cell mass index (FCM =
= (NC/Sset) x PDx 100 000), characterizing parenchyma-
tous-stromal relations in a unit volume of tissue. Nuclear
mass index (NM = (NC+BNC)/Sset)xPD x100,000), which
characterizes parenchymatous-stromal relations per unit
volume of tissue. Binuclear cell mass index (BCMI=
= ((BNK/NC)/Sset) x PD x 100 000), indicating the degree of
implementation of the restorative reserves of a unit of liver
tissue volume. Mass-mitotic index (MMI = ((NM/NC)/Set) x

xPDx100 000), showing the proliferative activity of the
liver tissue volume unit. Functional karyocellular index
(FKCI = NM/FCM), which characterizes the amount of nuclear
material in a cell per unit volume of liver tissue. The average
hepatocyte slice area index (AHSA = (Sset/NC) x PD), which
is proportional to its functional activity. Mass index of cells
with one nucleolus in the nucleus (MION = ((NON/NC)/
SSet) x PP x 100 000), indicating the degree of realization of
protein-synthetic function of a unit volume of hepatic tissue.
Vascularization index — VI = C/P. Inflammatory activity in-
dex (lAl) as the sum of scores of necrosis, dystrophy and
inflammatory infiltration severity measurements.

Statistical analysis of the study results. The
quantitative characteristics studied in the study
were presented as an average value (Mim) or median
(Me) with 95% confidence interval boundaries (or 25 and
75% quartiles). The hypothesis of distribution type was
tested using the Shapiro-Wilk test. Comparison of data
in subgroups was carried out depending on the variant
of the distribution of the trait in the groups. The results
of morphometry were recorded in tables with subsequent
statistical processing of the results in STATISTICA 7.0,
modules Nonparametric, ANOVA and Discriminant analysis.

Ethical rules and regulations. The work was
conducted in accordance with the ethical principles estab-
lished by theEuropean Convention for the Protection
of Vertebrate Animals used for Experimental and Other
Scientific Purposes (adopted in Strasbourg on 18.03.1986
and confirmed in Strasbourg on 15.06.2006) and approved
by the Local Ethical Committee.

RESULTS

Thyroid stimulating hormone (TSH) levels in intact
animals were: 1.43+0.06 (1.28-1.57) ulU/mL. In model ani-
mals with hyperthyroidism the level of TSH in blood was
not determined, which is probably due to the peculiarity
of sensitivity. In the hypothyroidism model it amounted to
6.24+0.84 (4.67-6.88) ulU/mL. The levels of T4 and T3 free
fractions and transaminases in the serum of experimental
and intact animals are presented in Table 2.

The vascularization index had the highest values in
hyperthyroidism with 15% fructose load (0.24+0.0036). The
liver sinusoids occupied the maximum area relative to the liver
tissue imaging area (9.1£0.25%). When animals were fed
30% fructose on the background of hypo- and hyperthyroidism,
the lumen of sinusoids looked narrowed (Fig. 1).

The relative content of connective tissue in the liver
parenchyma of the experimental groups was statistically
significantly independent of thyroid status and the level of
fructose load (p <0.05) (Fig. 2).
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Table 2
Free thyroid hormone and transaminase fractions content M£m (95%Cl), p <0.05
Tabnuya 2
CopepxaHue ¢ppakumin cBO60AHBLIX TMPEOUAHLIX FOPMOHOB U TpaHcamuHas Mtm (95%Cl), p <0,05
OkcnepumeHTanbHble rpynnbl/ Experimental groups fT4, pmol /L fT3, pmol/L ALT, U/L AST, UL
l'unepTtupeos, 15% dpykTtosa / 24,20+1,66 3,76+0,08 35,90+0,80 234,10+29,34
Hyperthyroidism, 15% fructose (20,44-27,95) (3,57-3,94) (34,07-37,73) (167,74-300,46)
Muneptupeos, 30% dpykTosa / 52,45+3,26 4,07+0,16 49,10£1,05 374,30+3,49
Hyperthyroidism, 30% fructose. (45,08-59,12) (3,70-4,44) (46,70-51,49) (366,40-382,20)
['mnoTupeos, 15% dpykrosa / 8,28+0,16 5,40+0,13 32,70+2,05 150,10+2,32
Hypothyroidism, 15% fructose (7,90-8,65) (5,09-5,70) (28,05-37,35) (143,49-156,71)
'mnoTupeos, 30% dpykrosa / 5,26+0,11 <1,64 54,50+1,49 320,90+7,34
Hypothyroidism, 30% fructose (5,02-5,49) (51,12-57,87) (304,29-337,51)
YcnoBHbI HopMoTUpeos, 15% rmioko3a / 23,40+1,75 5,56+0,16 35,70+2,15 140,10+2,46
Conditional normothyroidism, 15% glucose (19,82-23,67) (4,57-5,98) (28,05-37,35) (143,49-156,71)
YcnoBHbI HopMoTupeos, 30% rmoko3a / 24,79+2,09 5,47+0,28 44,60+1,49 265,70+5,34
Conditional normothyroidism, 30% glucose (18,29-24,38) (3,98-5,84) (41,16-52,63) (227,43-287,11)
WHTakTHBbIN KoHTponb / Intact control 20,74+0,77 5,78+0,08 27,60+1,15 120,50+1,91
(18,99-22,49) (5,59-5,96) (24,98-30,22) (116,18-124,82)

Fig. 1.  Livertissue of rats of experimental groups: A—received 15% fructose in the drink on hypothyroidism background; B — received 30%
fructose in the drink on hypothyroidism background; C — received 15% fructose in the drink on the background of hyperthyroidism;
D — received 30% fructose in the drinker on the background of hyperthyroidism. Hematoxylin and eosin staining, x100

Puc. 1. TkaHb neyeHu Kpbic IKCnepuMMeHTanbHbIX rpynn: A — nony4anu 15% ¢pykro3y B nounke Ha oHe runoTupeosa; b — nonyvanm
30% dpykTo3y B nomnke Ha poHe runoTupeosa; B — nonyyanu 15% cdpykto3y B nounke Ha choHe runeptupeosa; I — nonyyanu
30% chpykTO3y B noumnke Ha hoHe runepTupeosa. Okpacka reMaToKCUINH M 303uH, X100
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Fig. 2.

Liver tissue of rats of experimental groups: A — received 15% fructose in the drink on hypothyroidism background; B —

received 30% fructose in the drink on hypothyroidism background; C — received 15% fructose in the drink on the background
of hyperthyroidism; D — received 30% fructose in the drinker on the background of hyperthyroidism. Azocarmine staining by

Gaidengain, x400
Puc. 2.

TkaHb NeYeHM KpbIC IKCNepuMeHTanbHbIX rpynn: A — nonyyanu 15% dpykro3y B nounke Ha hoHe runotupeosa; b — nonyvanm

30% chpykTo3y B nomsnke Ha poHe runotupeosa; B — nonyyanu 15% ¢pykro3y B nounke Ha oHe runeptupeosa; I — nonyyanu
30% ¢pykTo3y B nomnke Ha choHe runepTupeo3a. Okpacka a3okapMuHOM no [angeHraiiHy, x400

The index of inflammatory activity averaged 5-6 points in
all experimental groups and statistically significantly differed
from this index in intact animals. The state of hyperthyroidism
most significantly affected the volume of infiltration by
neutrophilic leukocytes, while dystrophic changes in
hepatocytes were more strongly dependent on the level of
fructose loading (p <0.005). Azocarmine staining of slices
according to Gaidengain (Fig. 2) and Periodic Acid —
Schiff (PAS) reaction reaction (Fig. 3) revealed pronounced
granular dystrophy of hepatocytes in all experimental groups
and decreased glycogen stores. In the hypothyroid state,
already at 15% fructose load individual cells were in a state
of hyaline granular dystrophy. Liver plate dyscomplexation,
granular protein structures and significant lipid accumulation
in the cytoplasm of hepatocytes in hypo- and hyperthyroidism
were observed with doubled fructose intake.

The indices of nuclear mass, BCMI, MMI and FKCI in
the state of hyperthyroidism were statistically significantly

higher than the values in hypothyroidism regardless of the
level of fructose load.

AHSA when drinking 30% fructose instead of drinking
waterin hypothyroidism state was the highest (345.04+1.40).
The total relative number of cells containing single nucleoli
was maximum in hyperthyroidism irrespective of the level of
fructose load (0.113+0.00046).

As a result of stepwise selection, all studied morpho-
metric parameters were statistically significantly
informative by Fisher’s F-criterion. The BCMI, FKCI and
MION signs changed most significantly. The changes
in IAl and AHSA parameters were less pronounced
(Table 3).

DISCUSSION

Our reproduced model of chronic liver damage associated
with excessive fructose consumption leads to pathologic
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Fig. 3.  Liver tissue of rats of experimental groups: A -— received 15% fructose in the drink on hypothyroidism background; B — received
30% fructose in the drink on the background of hypothyroidism; C — received 15% fructose in the drink on the background of
hyperthyroidism; D — received 30% fructose in the drink on the background of hyperthyroidism. SHIC reaction, x400

Puc. 3. TkaHb neyeHu KpbiC IKCnepuMeHTanbHbIX rpynn: A — nonyyanu 15% dpykTo3y B nounke Ha choHe runotmpeosa; b — nonyyanu

30% ¢pykTo3y B nounke Ha hoHe runotupeosa; B — nonyyanu 15% cpykro3y B nousnke Ha poHe runeptupeosa; I — nonyvanu
30% dhpykTo3y B nounke Ha hoHe runeptupeosa. LLIUK-peakuus, x400

Table 3
Morphometry of liver tissue of intact animals and rats of experimental groups, Mxm (95% CI), p<0.005, M£m (95% ClI), p <0,005
Tabnuya 3
MopdomeTpus TkaHWN NeYEHN NHTAKTHBIX KMBOTHBIX M KpbIC OnbITHLIX rpynn Mtm (95% Cl), p <0,005, M+m (95% CI), p <0,005
Mopchomert- ImnepTupeos / ImnoTupeos / YCnoBHbIA HOPMOTUPEO3 /
puyeckue Hyperthyroidism Hypothyroidism Conditional normothyroidism
"%K;:a/' WHTakTHbIE /
Morpho- | 15% tpykTosa/ | 30% dpykrosa / | 15% copyktosa/ | 30% cppyktosa/ | 15% cppykTosa/ | 30% cpykrosa / Intact
metric 15% fructose 30% fructose 15% fructose 30% fructose 15% fructose 30% fructose
indices
MBA/ 5,96+0,045 6,18+0,04 5,42+0,04 6,10£0,03 2,46+0,16 4,35%0,05 0,60+0,035
IVA (4,61--6,65) (5,60-6,63) (4,61-6,64) (5,57-6,83) (2,21-3,09) (3,96-4,75) (0,30-0,65)
NMIK / 0,22+0,005 0,23+0,011 0,16+0,008 0,15%0,011 0,15+0,008 0,17+0,009 0,03+0,002
IMDC (0,21-0,23) (0,20-0,25) (0,17-0,21) (0,16-0,21) (0,17-0,21) (0,17-0,22) (0,02-0,03)
OKKN / 1,19+0,004 1,21£0,009 1,17+0,008 1,17+0,009 1,160,008 1,17+0,017 1,160,008
FCCI (1,18-1,20) (1,18-1,23) (1,15-1,19) (1,15-1,19) (1,15-1,19) (1,15-1,18) (1,15-1,17)
cner/ 308,22+5,58 296,10+8,20 287,90+5,38 288,72+4,87 280,90+4,48 282,60+6,12 279,11+4,20
SPSG (296,07-320,37) | (278,23-313,97) | (276,18-299,62) | (278,00-299,44) | (274,28-289,12) | (277,58-294,37) | (274,23-309,07)
MOA / 0,11£0,003 0,09+0,005 0,060,005 0,08+0,003 0,060,005 0,060,005 0,050,003
IMOJA (0,09-0,15) (0,06-0,13) (0,05-0,09) (0,06-0,010) (0,05-0,09) (0,05-0,09) (0,04-0,09)
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transformation and dystrophy of hepatocytes. Insufficiency of
adenosine triphosphate (ATP) synthesis and decreased redox
potential leads to mitochondrial dysfunction and altered fat
and carbohydrate metabolism [14]. Presumably, the activity
of hydrolytic enzymes of lysosomes leads to coagulation of
cytoplasm proteins with the appearance of cellular inclusions in
the form of “grains”. When fructose load is doubled, the excessive
amount of carbohydrates is transformed into triacylglycerides,
damaging hepatocytes [15], which is laboratory expressed in a
significant increase in the level of serum transaminases.

Modern knowledge about the mechanisms of action of
iodothyronines has been extended to the understanding of
proangiogenic activation by iodothyronines due to non-ge-
nomic effects arising from interaction with o3 integrin,
and the quantitative effect of angiogenesis activation at
supraphysiological concentrations of iodothyronines is com-
parable to the effect of vascular endothelial growth factor and
fibroblast growth factor [6, 16]. The immunomodulatory effects
of T, have also been studied, which consist in an increase in
the expression of tissue-specific proinflammatory genes, while
a reduced cytotoxic activity of NK-cells and a decrease in
chemotaxis and macrophage phagocytosis are noted, which
at the systemic level leads to the restoration of the balance
between pro- and anti-inflammatory factors [17]. In our study,
the index of inflammatory activity had maximum values in the
hyperthyroid state, which agrees with the data of other authors
on the proinflammatory properties of iodothyronines.

Our study also demonstrates that the degree of reali-
zation of regenerative reserves and proliferative activity
were higher in the state of hyperthyroidism, as evidenced by
the indices of the amount of nuclear material per unit volume
of liver tissue and the index of the proportion of hepatocytes
with a single nucleus in their nucleus. A significant part of
tumor cells in the liver of transgenic mice contain a single
nucleus in the nucleus. According to various studies,
thyroid hormones are potent mitogens of hepatocytes,
activating the E2F family of transcription factors. It leads to
overexpression of cell cycle inducers — cyclins and cyclin-
dependent kinases (CDK) and promotes the transition
of hepatocytes from G1 to S-phase. Thyroid hormones
increase the levels of cyclins A, D1 and E and the activity
of complexes of cyclin A with cyclin-dependent kinase 2
(CDK2) and cyclin D1-CDK4 and decrease the levels of CDK
inhibitors p16 and p27. Expression of vascular endothelial
growth factor (VEGF) and nuclear antigen Ki-67 in the liver
against the background of thyroid hormone preparations
increases [16]. However, this increase in proliferative
activity is transient and in long-term hyperthyroidism leads
to a decrease in the proliferative potential of functional
tissue and the development of fibrosis [19]. We have
previously demonstrated that long-term hyperthyroidism in

reproductive organs leads to pronounced fibrotic changes,
while hypothyroidism leads to fatty dystrophy [20].

Discussing the relationship between the functional
activity of the liver and the thyroid gland, it should be
noted that osteopontin secretion is induced by polarization
of M1-fraction of macrophages, which due to paracrine
mechanisms can inhibit the expression of TRb-receptor
in hepatocytes, on the one hand, suppressing the action
of thyroid hormones and, accordingly, aggravating lipid
deposition in the liver, on the other hand, compensatory
increasing the level of TSH in serum. Elevated TSH
levels promote osteopontin secretion by the M1 fraction of
macrophages. This study demonstrates a positive feedback
between the thyroid gland and the liver, possibly playing an
important role in maintaining and enhancing the pathologic
process of nonalcoholic fatty liver disease [2, 18].

Given the different effector actions of thyroid hormones
after interaction with different isoforms of TRa and TRb
nuclear receptors, including with respect to carbohydrate
and lipid metabolism in the liver, future treatment strategies
are aimed at weakening the effects of TRa stimulation and
enhancing the effects of TRb targeting. Currently, about
10 drugs have been patented whose affinity to TRb is 10—
40 times higher than to TRa. At the same time, experimental
data confirm the efficacy of selective TRb-thyromimetic
action in the treatment of experimental non-alcoholic fatty
liver disease [19]. The altered thyroid status modulates the
transformation of functional liver tissue in two directions:
toward the enhancement of dystrophic changes and fatty
transformation in hypothyroidism and toward the activation
of inflammation and fibrotic changes in hyperthyroidism.

CONCLUSION

1. High level of thyroid hormones most significantly
affects the indices of inflammatory and proliferative activity
of liver tissue.

2. Low level of thyroid hormones affects the severity of
dystrophic changes in hepatocytes.

3.In the process of fructose load increase both in
hypo- and hyperthyroidism hepatocytes undergo intensive
dystrophic changes.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTOpOB. BCce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0406pUNN UHANBHYIO
Bepcuto nepep nybnukauyuen.

KoHchnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SIBHbIX M MOTEHUWANbHbIX KOH(NKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcTounnk chmHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELHEro (hMHAHCUMPOBaHWUS NpU NPOBEAEHUM
UCcCrnenoBaHus.

JKCnepuMeHTbI € XMBOTHbIMU. PaboTa nposeaeHa B
COOTBETCTBUM C STUYECKUMMW MPUHLMNAMM, YCTAHOBMEHHbI-
My EBponenckoi KOHBEHLMEN NO 3aLLNUTE MO3BOHOUHbIX XN-
BOTHbIX, MCMONb3YEMbIX A1 SKCNepUMeHTanbHbIX 1 ApYriX
Hay4HbIX Lenen (npuHsiton B Ctpactypre 18.03.1986 r. u
nogTeepxaeHHon B Ctpacbypre 15.06.2006 r.), n opobpe-
Ha JTokanbHbIM 3TUYECKUM KOMUTETOM.
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EXTRAANATOMIC CROSSOVER AUTOVENOUS BYPASS — RECONSTRUCTION
OF THE RESERVE IN PATIENTS WITH A HIGH RISK OF AMPUTATION
AND LOW LIFE EXPECTANCY OR AN ALTERNATIVE TO TRADITIONAL TREATMENT?
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Abstract. Introducion. Critical limb threatening ischemia is worst peripheral artery disease with high percent of
morbidity and disability. Purpose of the study — to evaluate early (complications and major adverse events) and long-
term (patency, limb salvage, survival) outcomes in patients with chronical limb threatening ischemia who underwent
crossover autovenous bypass surgery. Material and method. A retrospective analysis of the early and long-term results
of observation of 28 patients who underwent cross-bypass surgery performed in 2017-2023 was carried out. 100%
of bypass operations were performed with autovenous material. High comorbidity (coronary artery disease, arterial
hypertension, dyslipidemia, history of myocardial infarction, history of acute stroke, cardiac arrhythmias, diabetes
mellitus, obstructive bronchitis, anemia, obesity). Follow-up is 12 months. Results. Early postoperative complications
were: 14.3% — wound complications, 3.6% — bleeding, 7.2% — bypass thrombosis, 3.6% — acute cerebrovascular
disturbance, 17.9% — high limb amputation (in 4 of 5 observations, revascularization was performed to reduce the
level of amputation), 3.6% — death. Results after 12 months were: bypass patency — 82.1%, limb salvage — 71.4%,
survival — 89.3%. There were no cases in which critical ischemia of the healthy lower limb developed. Conclusion.
Crossover autovenous bypass can be considered by a vascular surgeon both as a reserve option for redo-surgery
on the arteries of the lower extremities and as an alternative to traditional anatomical reconstructions. This study
demonstrates the low complication rate and good long-term patency of this reconstructions.

Keywords: atherosclerosis, chronic limb threatening ischemia, extraanatomic bypass, autogenous vein bypass

MEPEKPECTHbIA AYTOBEHO3HbIW WYHT — PEKOHCTPYKLUSI PE3EPBA
Y NAUMEHTOB C BbICOKUM PUCKOM AMMYTALIUW N HEBbICOKOW
OXWOAEMOW NPOOOMKUTENBHOCTBIO XU3HU

UNN ANbTEPHATUBA TPAOULMOHHBIM OMNMEPALIUAM?
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Pe3lome. BeedeHue. Kputnyeckas NWEMMS HUKHUX KOHEYHOCTEN — KpailHe Tskenoe nposisnexve 3abonesaHuii
nepugepnyeckux apTepuit, CONpoBOXAatLLeecs BbICOKUM YPOBHEM WHBANWANU3aALMUM U neTanbHOCTU Ljenb
uccnedogaHusi — OLEHWUTb paHHUE (OCNOXHEHNS 1 HebnaronpuaTHble COBbITUSA) N OTAANEHHbIE (MPOXOAUMOCTb,
COXpaHeHne KOHEYHOCTM, BbIKMUBAEMOCTb) pe3ynbTaThl Y NALMEHTOB C KPUTUYECKON ULLEMUEN HUKHEN KOHEYHO-
CTU, KOTOPbIM BbINN BbINOMHEHbI NEPEKPECTHbIE ayTOBEHO3HbIE WYHTUPYOLW e onepauun. Mamepuanbl u me-
modbI uccnedoeaHus. [IpoBefeH peTPOCNEKTUBHbIA aHanM3 paHHWUX 1 OTAANEHHbIX pe3ynbTaToB HabnwaeHns
28 naymMeHToB, NepeHecLnX NepekpecTHble WyHTUpoBaHus, npoBedeHHbIX B 2017-2023 rr. 100% LWyHTMpYOLLNX
onepawuin BbINOSTHEHbI @y TOBEHO3HbIM MaTepuanom. MauneHTsl KoMopbuaHsl (Mwemuyeckas 6onesHb cepaua,
apTepuanbHas runepTeHsuns, AUCIMNMAEMNS, MHAPKT MUOKapaa B aHaMHEe3e, OCTPOE HapyLUEHWe MO3roBOro Kpo-
BooOpalleHnst B aHaMHe3€e, HapyLLeHUs puTMa cepaua, caxapHbln anabeTt, XpoHnyeckas o6cTpykTMBHas 60nesHb
nerkux, aHemusi, oxupeHue). Mepuog Habnwoaerns — 12 mecsues. Pe3ynbmamel. PaHHue nocneonepaLmoHHble
ocnoxHenns: 14,3% — paHeBble 0cnoxHeHus, 3,6% — kpoBoTeyeHns, 7,2% — Tpomb03 WyHTa, 3,6% — ocTpoe
HapyLLeHne Mo3roBoro kpoBoobpalyerns, 17,9% — Bbicokas amnyTauus KoHe4yHocTy (B 4 M3 5 HabnogeHnii pesac-
Kynspusauns 6bina BbINONHEHA C LIENbK CHUXEHUS YPOBHS amnyTaumm), 3,6% — netanbHblii ncxod. Pesynstatbl
yepes 12 mecsueB: NpoxoaumMocTb WyHTa — 82,1%, coxpaHeHue koHeuyHocTn — 71,4%, BbixkuBaemocts — 89,3%.
HabntogeHunin, npy KOTOPbLIX pasBunachk KpUTMYECKas Uemnst 34OPOBOMA HUXKHEN KOHEYHOCTM, He BbISIBMEHO.
3aknroyeHue. NepekpecTHOE ayTOBEHO3HOE LYHTMPOBAHWE MOXET pacCMaTpuBaTbCs COCYAUCTBIM XUPYPrOM W
kak onepaums pesepsa npy NOBTOPHbLIX PEKOHCTPYKTUBHbBIX BMELLATENIbCTBAX HA apTepUsX HUXKXHUX KOHEYHOCTEW,
W KaK anbTepHaTMBa TPagULMOHHBIM aHAaTOMUYECKUM PEKOHCTPYKUMAM. [JaHHOe nccnegoBaHue 4EMOHCTPUPYET
HU3KY0 YaCTOTY OCNOXHEHUN U XOPOLLYH OTAANEHHYI0 NPOXOAMMOCTb TakuX PEKOHCTPYKLNIA.

Knroyeenie cnoea: atepocknepos, KpUtnieckas ULeMUst HUKHEN KOHEYHOCTU, SKCTPaaHaTOMUYECKOE LYHTUPOBaHHE,

ayTOBEHO3HOE WYyHTUpOBaHNe

INTRODUCTION

Chronic limb threatening ischemia (CLTI) is an extremely
severe manifestation of peripheral arterial disease. Due
to unfavorable prognosis (according to literature data,
mortality and high amputation within a year from the disease
manifestation amounted to 22%, and in the distant period —
quite disappointing results: high limb amputation within
4 years is up to 67.3%, the risk of patients’ death within
4 years is up to 63.5%), this condition is singled out by
researchers and clinicians as a separate nosology [1]. CLTI
patients often have multilevel lesions of lower limb arteries,
including prolonged occlusion of iliac arteries [1, 2]. The

absolute majority of patients with CLTI are polymorbid and,
in addition to multifocal atherosclerosis, have concomitant
diseases of cardiovascular, respiratory, endocrine systems,
and cancer is common [1, 2, 10]. Most studies recommend
anatomical reconstructions - balloon angioplasty with/without
stenting of iliac arteries, aorto/iliac-femoral bypass [1-5,
11, 12] in case of occlusion of iliac arteries. Endovascular
option in the treatment of patients with multilevel lesions
is not always available due to pronounced calcinosis and
prolonged occlusion of the arteria. The open anatomic
revascularization is often associated with high risks of
adverse effects and long duration of intervention, especially
in patients with previous reconstructions in this area. The
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presence of extensive scarring in the area of surgery,
the presence of a possible infectious focus and synthetic
prosthesis in the area of future reconstruction, and possible
previous ligation of native arteries may also be factors that
require caution when performing anatomic reconstructions.
Due to comorbidity and high perioperative risk, even in
studies recommending anatomic reconstruction in the
aorto-iliac segment, the possibility of extraanatomic bypass
for patients in this group is preserved and recommended
[1-5, 13, 14]. There are also studies that suggest crossover
bypass surgery as primary surgery for unilateral occlusion of
the iliac arteries [6-8, 15], including intermittent claudication
[9, 16].

AIM

To evaluate early (complications and adverse events)
and long-term (patency, limb preservation, survival)
outcomes in patients with critical lower extremity ischemia
who underwent crossover bypass surgery.

MATERIALS AND METHODS

A retrospective analysis of early and long-term follow-
up results of 28 patients who underwent crossover
bypasses in 2017-2023 in the “St. Petersburg State
Budgetary Healthcare Institution “City Hospital No. 14"
was performed.

The study was performed in accordance with the
standards of good clinical practice and the principles of
the Declaration of Helsinki. Written informed consent was
obtained from all patients before inclusion in the study.

Inclusion criteria: patients who underwent extraanatomic
(crossover) bypass by autologous vein to bypass iliac artery
occlusion for the treatment of CLTI (100% of patients with
trophic defects of ischemic genesis).

Exclusion criteria: patients whose contact was lost
immediately after discharge from the hospital.

Characteristics of the group: an average age was
63.9 years. There was 3 women (10.7%) and 25 men
(89.3%).

The average period of hospitalization was 41 days,
which was due to the need to treat trophic changes in the
lower limb suffering from CLTI.

Concomitant pathology: coronary heart disease (CHD)
(100%), arterial hypertension (95.7%), dyslipidemia
(80.4%), history of myocardial infarction (28.6%), history
of acute cerebral circulatory failure (25%), cardiac
rhythm disorders (50%), diabetes mellitus (25%), chronic
obstructive pulmonary disease (COPD) (78.2%), anemia
(42.9%), obesity (42.9%).

Full perfusion of the two lower limbs in these patients
was ensured in most cases due to passable (without
hemodynamically significant stenoses) iliac arteries on
the limb-donor of the inflow artery, which at the time of the
study had no symptoms of peripheral arterial disease, or
anamnestically there were indications of a mild degree of
intermittent claudication (painless walking for a distance
of 100 meters or more). In one case (3.6%) a passable
aorto-bifemoral shunt was used, in one case (3.6%)
balloon angioplasty of the iliac arteries was preventively
performed on the healthy limb in order to perfuse two
limbs from one lumen of the iliac arteries if there was
an indication of ligation of the iliac arteries of the limb
suffering from CLTI.

The level of proximal anastomosis (inflow artery for the
shunt), N (%) — common femoral artery — 23 (82.1%),
deep femoral artery — 2 (7.1%), superficial femoral
artery — 2 (7.1%), functioning branche of the aorto-
bifemoral shunt — 1 (3.6%). Level of distal anastomosis
(outflow artery for the shunt), N (%) — contralateral
common femoral artery — 6 (21.4%), contralateral deep
femoral artery — 12 (42.8%), contralateral superficial
femoral artery — 4 (14, 3%), contralateral poplitea
artery — 3 (10.7%), contralateral posterior tibial artery —
1 (3.6%), contralateral anterior tibial artery — 1 (3.6%),
contralateral femoral-popliteal bypass — 2 (7.1%).

15 patients (53.6%) had a history of lower limb arterial
interventions for CLTI, of which 10 (35.7% of the total
group) underwent aorto-femoral bifurcation or linear
bypass with a synthetic prosthesis.

100% of the bypass surgeries were performed with
autovenous. In 8 cases (28.6%) the in situ vein technique
was used, in the remaining 20 cases (71.4%) a reversed
vein was used. Autovenous material used: 21 (75%) —
trunk of the great saphenous vein of the limb suffering
from CLTI used, 4 (14.3%) — small saphenous vein used,
2 (7.1%) — trunk of the great saphenous vein of the
contralateral lower limb used.

13 patients (46.4%) required necrectomy or small
amputations during hospitalization. The peculiarity of
this group of patients was the high frequency of “non-
preserved” feet — in 4 cases (14.3%) due to the lack
of possibility of preserving a supportable foot or high
risk of sepsis development (the decision was made by
a consilium consisting of a multidisciplinary group of
specialists) a cross bypass operation was performed
to reduce the amputation level. Thus, performing
amputation at the level of the tibia in such observations
was a success of surgical intervention (in 100% of cases,
technical success was achieved — it was possible to
heal the wounds of the stump of the tibia with primary
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tension). A clinical example of such a foot is presented
in Figure 1.

Preoperative examination: a search for autovenous
material was performed sonographically. An assessment
of steno-occlusive arterial lesions and choice of the
method of surgical intervention was performed according
to the data of direct subtractive angiography and/or
computed tomography with angiocontrast.

An example of a foot requiring amputation. Patient K.,
53 years old, admitted with wet gangrene of the distal parts
of the left foot; at the time of admission, sanitation of the
necrotic lesion was performed, the possibility of preserving
a weight-bearing foot was lost (deep and extensive tissue
necrosis, exposure of the articular surfaces of the talus and
calcaneus). 6 days after foot resection, revascularization
surgery was performed. The photo shows a foot wound
on the first day after revascularization. In the presented
clinical case, the patient managed to save his knee joint
Mpumep cTonbl, TpeOytowen amnytaumu. MMaumeHt K.,
53 ropa, NocTynun ¢ BNAXHOW FaHrPeHOW AUCTaNbHbIX
oTAenos nesoW cTonbl, NPU NOCTYNJIeHUU BbINOJNIHEHA Ca-
Hauua HEKPOTUYeCKOro ovyara, BO3MOXHOCTb COXPaHeHUA
onopocnoco6HoN cTonbl notepsiHa (rmyb6okuii n obwmp-
HbI HEKPO3 TKaHel, OrofieHe CyCTaBHbIX MOBEPXHOCTEN
TapaHHOW W nATOYHOW KocTen). Cnycta 6 cyTok nmocne
pesekumu CTOMbI BbINOMHEHA peBacKynApUsupyowas
onepauus. Ha hoTo npeacTaBneHa paHa cTonbl B NepBble
CYTKW nocne peBackynspusauuu. B npeactaBneHHom knu-
HUYECKOM CIlyyae MauueHTy YAanocb COXPaHWUTb KOMEH-
HbII CyCcTaB

Puc. 1.

Postoperative therapy: within three days — low molecular
weight heparins (enoxaparin) administered subcutaneo-
usly in a prophylactic dose, further — acetylsalicylic acid
100 mg + rivaroxaban 5 mg daily get per os during the life.

RESULTS AND DISCUSSION

Complications and undesirable effects detected in the early
postoperative period (within 30 days) are presented in Table 1.

The long-term results (evaluated after 12 months)
demonstrate that crossed shunts have good patency rates
in the long-term period. After discharge from the hospital,
only one shunt occlusion was detected during one year of
follow-up (Table 2).

Satisfactory indices of distant patency, limb preservation,
and survival rates after extraanatomic bypasses have been
shown, indicating their effectiveness. It should be noted that
during the study there were no cases of critical ischemia
or amputation of the lower limb, on the side of which the
driving anastomosis of the shunt was performed (healthy
limb, donor limb) — a factor that most often causes fear of
cross-reconstructions in vascular surgeons.

CONCLUSION

1. Cross-over autovenous bypass may be considered by
the vascular surgeon as a backup operation for repeated
reconstructive interventions on lower limb arteries or as an
alternative to traditional anatomic reconstructions.

2. This study demonstrates a low complication rate and
good long-term patency of such reconstructions.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpoB. Bce aBTOPbI BHECNM CYLLECTBEHHbIN
BKnag B pa3paboTKy KOHLENLMM, NPOBEAEHUe 1CCTeaoBaHus
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Table 1
Early postoperative complications
Tabnuuya 1
PaHHue nocneonepalyOHHbIE OCNOXHEHUSA
Yucno HabntogeHun /
OcnoxHenne/HebnaronpustHoe cobbitue / Complication/adverse event Number of %
observations
PaHeBble ocnoxHeHus (MuMgopes, HarHoeHUe paHbl, remaToma) / 4 14,3
Wound complications (lymphorrhea, wound suppuration, hematoma)
BonbLume kpooTeyeHns / Major bleeding 1 3,6
Tpombo3 wyHta / Shunt thrombosis 2 72
OcTpoe HapyLueHne Mo3roBoro kpoBoobpalleHus / Acute cerebrovascular accident 1 3,6
WHdpapkT mrokapga / Myocardial infarction 0 0
Tpomboambonus neroyHoit aptepun / Pulmonary embolism 0 0
Bbicokast amnyTaLus HUKHeN KOHEYHOCTU, CTPaAaloLLEN KPUTUYECKON ULEMUEN, U3 HUX — Clydan, 5 17,9
MpU KOTOPbIX NOKa3aHWeM K LLYHTVPYHOLLEHA OnepaLym CITyKUO CHXKEHWE YPOBHS BbICOKON amnyTauum /
High amputation of the lower limb suffering from critical ischemia, including cases in which the indication
for bypass surgery was to reduce the level of high amputation 4 14,3
Bbicokast amnyTaumst HUKHE KOHEYHOCTM, CO CTOPOHbBI KOTOPOM (hOPMUPOBANCS NPUBOAALLNA aHACTOMO3, 0 0
He cTpaparoLeit kputuieckon nwemmeit / High amputation of the lower limb, from which the adducting
anastomosis was formed, not suffering from critical ischemia
NetanbHbiit ucxop / Death 1 3,6
Table 2
Long term results after 12 months
Tabnuua 2
OtaaneHHble pe3ynbTaThl Yepes 12 MecsaueB
Yucno HabnoaeHui /
®akrop / Factor Number of %
observations
MpoxoammocTb WwyHTa / Shunt patency 22 82,1
CoxpaHeH1e KOHEYHOCTH, K KOTOpOI Obina BbIMOMHEHA LYHTMpPYIOLLas onepayus 20 71,4
OT KOHTpanateparnbHOI HIXHE KOHEYHOCTM /
Preservation of the limb to which bypass surgery was performed from the contralateral lower limb
CoxpaHeHue KoHTpanaTepasnbHOi HKHEN KOHEYHOCTY (M3 Yncra NaLmeHToB, 25 100
[OCTUTHYBLUMX Nnepuoaa Habnopexns) /
Preservation of the contralateral lower limb (among patients who reached the follow-up period)
BbixuBaemoctb / Survival 25 89,3
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Abstract. Introduction. Tobacco smoking remains a global medical, social and economic problem worldwide. One
of the pathological effects of nicotine and tobacco smoke components is the suppression of folate metabolism and a
decrease in B vitamins in the human body, which, together, entails a violation of homocysteine metabolism and leads
to endothelial dysfunction and the development of adverse vascular events. The purpose of the study — to identify
the effect of tobacco smoking and the concentration of vitamins (Bg, Bg, B;,) on homocysteine metabolism in healthy
young volunteers. Materials and methods. The study was carried out on a sample of ethnic Russians living in the city
of Arkhangelsk. 259 healthy volunteers of both sexes of young age from 18 to 32 years old were included, a survey of
participants was conducted, the levels of folic acid, vitamin B and B,,, homocysteine were analyzed by immunological
method. Statistical processing of the data obtained during the study was carried out by methods of descriptive and
analytical statistics using the R 4.2.3 programming language in the Rstudio 1.2.5019 program. Results. There were
no statistically significant differences in all defined indicators between the group of smokers and non-smokers. But
the average homocysteine level in the smoker group is higher (lu=8.00) than in the non-smoker group (lu=7.00). At the
same time, the participants who smoked cigarettes had higher homocysteine levels (lu=8.6) than those who smoked
electronic cigarettes (Iu=7.2). The average serum folic acid concentration in smokers is lower (lu=4.00) than in non-
smokers (lu=6.5). In the group of smokers, folate deficiency was registered in 13 participants. Folic acid deficiency was
not detected in the non-smoking group. An inverse relationship of average strength between the level of homocysteine
and the concentration of folic acid in the blood serum (p <0.01) was revealed. Conclusion. In this study, the relationship
between smoking and homocysteine levels was not revealed, however, the average homocysteine level in the smoker
group is higher than in the non-smoker group. The lack of correlation may be due to the short smoking experience,
the small number of cigarettes smoked per day, the low smoker index and the young age of the study participants. It
was revealed that the average homocysteine level in smokers of traditional cigarettes was higher than in participants
using electronic tobacco heating systems.

Keywords: tobacco smoking, homocysteine, folate metabolism, B vitamins, Arkhangelsk Region
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Pestome. BeedeHue. TabakoKkypeHue BO BCeM Mupe 0CTaeTcs rnobanbHON MeanKo-CcoLmansbHON U 9KOHOMUYECKOM
npo6nemon. HUKOTUH 1 KOMMOHEHTbI TabayHOro AbiMa BAWSIOT Ha ponaTHbIN 0OMEH, CHXAKT YpOBEHb BUTAMUHOB rpyn-
Mbl B, 4T0 B COBOKYNHOCTM BrieyeT 3a co601 HapyLueHne obMeHa roMOLMCTeNHa, NPUBOAS K Pa3BUTUIO SHAOTENNANBHOM
ANCDYHKLMM 1 HeBnaronpusaTHLIX COCYANCTbIX cOObITUIA. Ljestb uccnedoeaHusi — BbISBUTbL BNMSHIE TabakoKypeHus
W KOHLieHTpaLun BuTamuHoB rpynnbl B (Bg, By, B;,) Ha 06MeH romouucTenHa y 300poBbix 406pOBONbLEB MONOAOM0
Bo3pacTta. Mamepuanbi u Memodhbl. ViccnefoBaHne BbINONHEHO Ha BbIGOPKE STHUYECKUX PYCCKUX, MPOXMBAOLLMX HA
TeppuTopun ApxaHrenbckorn obnacTu. BkntoueHo 259 300poBbix 406poBOMbLEB 060MX NONOB MONOLOrO BO3pacTa ot
18 po 32 net, NpoBeeHO aHKETUPOBAHWE, aHau3 YpPOBHSA (HONMEBO KUCNOTbI, BUTaMUHOB By 1 B,,, romoyuctenHa
MeTOLOM UMMyHOepMeHTHOro aHanuaa. Ctatuctuyeckas o6paboTka AaHHbIX, NONYYeHHbIX B X0 UCCNeA0BaHUS,
NPOBOAMNACL METOLAMM ONUCATENIbHON N aHANIUTUYECKOW CTaTUCTUKN C UCNONb30BaHWEM Si3blka NPOrpaMMUPOBaHUS
R 4.2.3 B nporpamme Rstudio 1.2.5019. Pe3ynbmamai. CTaTUCTUYECKN 3HAUNMBIX Pa3ninymin N0 BCEM aHaNM3MpyeMbIM
nokasaTensm Mexay rpynnami Kypsilmx 1 HekypsiLLUX y4acTHUKOB He BbisiBNeHo. CpefHee 3HaYeHNe YypOBHS roMOLM-
CTeuHa B rpynne KypunbLumnkos 6bino Boiwe (Me=8,00), yem B rpynne Hekypswmx (Me=7,00), npn 3TOM y y4acTHUKOB,
KYpALWMX cUrapeThbl, ypoBeHb romoumcTenHa 6bin Boiwe (Me=8,6), 4em y KypsiLLMX aneKTpoHHble curapetsl (Me=7,2).
CpegHee 3Ha4yeHMe KOHLEeHTpaLumu honMeBO KNCNOThI B CbIBOPOTKE Y KypsiLmx 6bino Hike (Me=4,00), 4em y Hekyps-
wux (Me=6,5). B rpynne KypunbLUMKOB AeduunT onaToB 0TMEYEH Y 13 y4aCTHWKOB, B rpynne HEKYpAWmMX geduumuTa
(honneBoit KNCNOTbI HE BbISIBNEHO. BbisiBneHa obpaTtHas cBA3b CpeaHen Cisbl MEXAY YPOBHEM rOMOLMCTENHA 1 KOHLIEHT-
pauyeit donmeBoil KUCMOTbI B CbIBOPOTKe kpoBy (p <0,01). 3akmoyeHue. B faHHOM UCCre0BaHWM B3aMMOCBSA3b MeX Iy
KypeHUeM 1 ypOBHEM FOMOLUCTENHA HE BbIIBNEHa, BMECTE C TEM CPeAHee 3HaYeHne YPOBHS roOMOLCTENHA B rpynne
KYpPUMbLLMKOB BbINO BbILLE, YeM B rpynne Hekypswwmx. OTCyTCTBIE B3aMMOCBS3W, BOSMOXHO, CBS3aHO C ManbIM CTaXeM
KypeHus, He6ONbLUMM YNCNOM BbIKYPEHHbIX CUrapeT B A€Hb, HU3KUM UHAEKCOM KypUAbLLMKa 1 MOIOALIM BO3PACTOM
YYaCTHUKOB MCCnefoBaHNs. BbISBNEHO, YTO Y KYPALMX TPALULMOHHbIE CUrapeThl CPEAHUI YPOBEHb FOMOLMCTENHA
oKa3sarcs BblLUE, YeM Y YHaCTHWUKOB, MCMOMNb3YIOLMX SNEKTPOHHbIE CUCTEMbI HarpeBaHus Tabaka.

KnioueBble cnosa: Ta6aKOKypeHme, TOMOLUCTENH, (*)OﬂaTHbIVI 0OMeH, BUTaMMHbI rpynnbl B, ApX&HFeJ’IbCKaﬂ obnactb

INTRODUCTION

According to the World Health Organization (WHO),
tobacco smoking kills almost half of people who use it [16].
Globally, more than 8 million people a year die from tobacco
exposure, including 1.3 million non-smokers from the
effects of secondhand smoke [16]. The results of numerous
studies around the world confirm that tobacco smoking
is a significant risk factor for the development of various
pathological processes and conditions, primarily diseases
of the cardiovascular, respiratory, genitourinary systems, as
well as cancer and complications of pregnancy [4, 15].

It is shown that in nicotine-dependent persons the risk of
atherosclerosis and myocardial infarction increases from 1.5
to 6 times compared to non-smokers. The proven adverse
effects of nicotine on the cardiovascular system include
its effect on the chemoreceptors of the sinocarotid zone,
leading to reflex excitation of respiration and increased

blood pressure, increased production of catecholamines,
contributing to myocardial damage, cytotoxic effect on
endothelial cells, realized through fixation of tobacco smoke
components on the cell surface and formation of antibodies
to them [9, 10].

It is proved that nicotine reduces the level of vitamin By
in the blood, which acts as a cofactor in the reactions
of homocysteine transsulfuration. Pyridoxine deficiency
leads to impaired neutralization of homocysteine in the
body and, as a consequence, to an increase in the level
of homocysteine in blood plasma [9]. It is important that
nicotine has the ability to slow down the folate cycle, the
main function of which is the remethylation of homocysteine
into methionine, resulting in the accumulation of excess
homocysteine in plasma [7].

Homocysteine, being an extremely cytotoxic substance,
has various mechanisms of damaging effect on the
cardiovascular system, leading to the development of
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endothelial dysfunction. Thus, homocysteine damages
endothelial cells, which leads to its destabilization and
loosening of vessel walls, participates in the formation of
atherosclerotic plaque, being a component of “foam cells”,
has mitogenic properties that contribute to the development
of vascular wall stiffness. Excess homocysteine stimulates
increased platelet aggregation, triggers the processes
of hypercoagulation, is involved in the development of
oxidative stress through the formation of active oxygen
radicals that trigger the process of lipid peroxidation. Hyper-
homocysteinemia leads to the accumulation of asymmetric
dimethylarginine (ADMA), which is an inhibitor of endothelial
NO synthetase, resulting in blocked production of nitric
oxide (NO), a strong antiaggregant and vasodilator [1].

Numerous studies demonstrate the relationship between
tobacco smoking and elevated homocysteine levels in the
blood of patients with various cardiovascular diseases
[5, 7]. From the position of preventive medicine, it is of
particular interest to study the effect of tobacco smoking on
homocysteine levels in healthy young people even before
the realization of adverse vascular events.

AIM

To determine the effect of tobacco smoking and
concentration of B vitamins (Bg, By, B,,) on homocysteine
metabolism in healthy young volunteers.

MATERIALS AND METHODS

The prospective one-stage cross-sectional study
was performed on a sample of ethnic russians living
in the territory of the Arkhangelsk. The bases of the
study were the Department of Clinical Pharmacology
and Pharmacotherapy of the Federal State Budgetary
Educational Institution of Higher Professional Education
“Northern State Medical University”, the Regional Center of
Antithrombotic Therapy of the State Budgetary Institution
of Health Care “The First City Clinical Hospital named
after E.E. Volosevich”.

Inclusion criteria: healthy volunteers of Russian
nationality of both sexes of young age (18 to 32 years); the
absence of chronic diseases associated with endothelial
dysfunction; the absence of pregnancy; the absence of
taking medications, dietary supplements, vitamin complexes;
written voluntary informed consent for participation in the
study. Exclusion criteria: refusal to participate at any stage
of the study.

The complex clinical and laboratory study included
259 volunteers, the participants were questioned. The level of
folic acid, vitamins B; and B,,, homocysteine was analyzed

by immunoenzymatic analysis. The study was approved by
the local ethical committee of the Northern State Medical
University (protocol No. 01/02-23 of 15.02.2023).

The level of homocysteine in serum was determined by
solid-phase enzyme-linked immunosorbent assay using
ELISA Kit For Homocysteine (HCy) reagents (Claud-Clone
Corp., USA). Folate AccuBind ELISA reagents (Monobind,
USA) were used to determine folic acid concentration. The
reference interval, located in the range from 3.2 to 13.7 ng/mL,
was considered as sufficient level of folic acid in serum.
Concentration less than 3.2 ng/mL was defined as low level
of folic acid. In order to determine the level of pyridoxine
and cobalamin in blood, ELISA Kit For Vitamin B (VBg) and
ELISA Kit For Cyanocobalamin (CNCbl) (Claud-Clone Corp.,
USA) were used. Laboratory studies were performed at the
laboratory of the First City Clinical Hospital named after
E.E. Volosevich.

Statistical processing of the data obtained during the
study was performed by methods of descriptive and analytical
statistics using the programming language R 4.2.3 in the
program Rstudio 1.2.5019. The nature of data distribution
was assessed using the Shapiro-Wilk criterion. The data
distribution was considered to be different from the normal
distribution (Gaussian distribution) when the statistical
significance level (p) was less than 0.05. The arithmetic mean
(M) and standard deviation (o) in the format of Mto were
used to describe the obtained data whose distribution did not
differ from the Gaussian distribution. Data whose distribution
differed from the Gaussian distribution are presented as
median (Me), the first (Q1) and the third (Q3) quartiles. The
Mann-Whitney criterion was used to compare independent
samples with a distribution type that differed from the normal
distribution. Differences between groups were considered
statistically significant when the p-value (p) was less than
0.05. The Spearmans rank correlation coefficient was used to
assess the relationship between two variables.

RESULTS

The study included 259 participants. The gender
distribution of the participants was as follows: the proportion
of women was 68.0% (n=176), men proportion was 32.0%
(n=83). The age of the participants ranged from 21 to
30 years (Me=23 [22;28]). During the study, the sample
was divided into two groups. The first group included non-
tobacco smoking participants (n=137) and the second group
included tobacco smoking participants (n=122). Serum
levels of homocysteine, folic acid, vitamins By and B,
were assessed in all participants. The results of the study
and characterization of the study groups are presented in
Table 1.
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Table 1
Results of the study and characteristics of the groups (n=259)
Tabnuuya 1
PesynbTathbl ccneAoBaHMsA M XapaKTepucTuka rpynn (n=259)
. Hekypswme yyacthuku (n=137)/ | Kypsiwwe yyactHuku (n=122) / | p-3HadeHue /
Mokasarens / Indicator Non-smoking participants (n=137) | Smoking participants (n=122) p-value
Bospacr, rogsl / Age, years Me=22 [22;28] Me=23 [22; 26] 0,68
MHoeke macebl Tena / Body mass index Me=22,9 Me=23,5 0,72
[20,0; 25,8] [20,6; 26,2]
YpoBeHb (hoN1eBoil KUCNOTbI B CIBOPOTKE (Hr/mn) / Me=6,5 Me=4,00 0,48
Serum folic acid level (ng/ml) [4,5; 8,0] [3,05; 6,00]
YpOoBEHb rOMOLICTENHA B CbIBOPOTKE KPOBM (MKMOML/N) / Me=7,0 Me=8,00 0,13
Serum homocysteine level (mmol/l) [5,7;10,0] [6,5;9,0]
YpoBeHb BUTamMiHa By B CbIBOpOTKE KpoBH (Hr/Mn) / Me=18,7 Me= 8,2 0,92
Serum vitamin Bg level (ng/ml) [15,8; 21,0] [13,8; 22,3]
YpoBeHb BUTamMiHa By, B cbiBOpOTKE KpoBM (Nr/n) / Me=558 Me=529 0,74
Serum vitamin B,, level (pg/l) [384; 635] [329; 752]

-
o
'

-
N
0

o
'

romouucTenH, MKMonb/n; homocysteine, pmol/l
[=2]
]

0 1
KypeHue/smoking

Fig.1.  The relationship between serum homocysteine levels and
smoking
Puc.1. B3aumocBsi3b ypoOBHA roMOLMUCTENHA B CbIBOPOTKE KPOBM

U KypeHust

Nicotine delivery to the body in the group of smokers
in 68% of cases was due to electronic systems of heating
tobacco, in 32% by the traditional way, with the cigarettes.
Smoking experience in the smoking group averaged
3.5 years but did not exceed 5 years, and the number
of cigarettes smoked per day ranged from 3 to 10. The
smoking index of the cigarette-smoking participants ranged
from 0.75 to 2.5 packs/year.

Comparative analysis of the groups showed that the
body mass index (BMI) of the participants in the first and

second groups did not differ. 85% of the participants of the
first and the second groups had normal BMI (18.5-25.0),
15% of the participants of both groups were overweight
(26.0-29.5), and BMI over 30, indicating the obesity, did not
occur in the study sample.

The level of folic acid, homocysteine, vitamins B, and
B,, in blood serum was determined in all study participants.
No statistically significant differences in all determined
parameters between the analyzed groups were found. It
is important to note that the mean value of homocysteine
level in the group of smokers was higher (Me=8.00) than in
the group of non-smokers (Me=7.00). Participants smoking
cigarettes having higher homocysteine levels (Me=8.6) than
those smoking electronic cigarettes (Me=7.2). All participants
in the first and the second groups had homocysteine levels
within the reference values of 5.0 to 10.0 umol/L. The data
is presented in Figure 1.

A similar trend was observed in folate levels. Thus, the
mean value of serum folate concentration in smokers was
lower (Me=4.00) than in nonsmokers (Me=6.5). In addition,
folate deficiency, where serum folic acid concentration was
less than 3.2 ng/mL, was recorded in 13 participants in the
smokers group. No folic acid deficiency was found in the
non-smoker group.

The relationship between homocysteine levels and
smoking and between homocysteine levels and folic acid
concentration was analyzed. The data is presented in
Figure 2.

The study revealed an inverse relationship of medium
strength between homocysteine level and serum folic
acid concentration (p <0.01): the lower the folic acid level
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Fig. 2.  The relationship between homocysteine levels, smoking
and serum folate concentrations
Puc. 2. B3saumocBs3b ypoOBHA rOMOLIMCTENHA, KYPEHUS N KOHLIGHT-

paummn onmeBoii KUCNOTbI B CLIBOPOTKE KPOBM

was, the higher the serum homocysteine level was. No
relationship was found between serum homocysteine levels
and smoking in this study (p=0.13).

DISCUSSION

Research data from recent years show that among
young people under 30 years of age who smoke, the leading
method of nicotine-containing product delivery is via various
electronic systems such as vape, vaporizer, electronic
cigarette and others [6, 8]. Our study also confirms this
trend. Among the smoking participants, 68% used electronic
nicotine delivery systems to deliver nicotine to the body. It
is known that electronic nicotine delivery systems do not
contain many toxic components of tobacco smoke, which are
usually formed in cigarette smoke during combustion, but at
the same time have in their composition such carcinogenic
substances as formaldehyde, acetaldehyde, acetone,
nitrosamines, propylene glycol, glycerol, phenols, and
others. The nicotine in tobacco is addictive and dependent,
which is especially dangerous for young people. Electronic
devices, like normal cigarettes, contain high concentrations
of nicotine, which has an extremely negative impact on the
health of smokers [3, 11, 13].

At present, there is accumulated evidence of the effect
of tobacco smoking on the level of homocysteine in the
blood. It has been shown that homocysteine levels are
significantly higher in healthy smokers than in nonsmokers
[5, 14]. Evidence is presented that homocysteine levels
depend on the number of cigarettes smoked per day,

smoking history, and smoker’s index. Each cigarette
smoked increases homocysteine levels by 0.5% in men and
1% in women [2, 9]. In our study, there was a tendency to
increase homocysteine levels in the smoking group, where
the mean value of homocysteine levels in the smoking
group was higher (Me=8.00) than in the non-smoking group
(Me=7.00), however, no statistically significant difference
could be obtained. No hyperhomocysteinemia condition
was registered in any participant of the group. The absence
of statistically significant differences in homocysteine
levels in the first and second groups may be due to the
short smoking experience (up to 5 years), as well as
low smoking index (from 0.75 to 2.5 packs/year) in the
participants of the second group, as well as the young age
of the study subjects. No relationship between smoking and
homocysteine levels was found in this study, but an average
value of homocysteine levels in the group of smokers was
higher than in the group of nonsmokers.

Folic acid is the most important determinant of the folate
cycle, which results in the remethylation of homocysteine
into methionine. There are many domestic and foreign
studies on the role of folic acid in homocysteine metabolism.
Folate deficiency leads to accumulation of the sulfur-
containing amino acid homocysteine in the body, which in
turn leads to endothelial dysfunction and development of
adverse vascular events [12]. In our study, a statistically
significant inverse relationship of medium strength between
homocysteine level and serum folic acid concentration was
confirmed.

CONCLUSION

1. The study revealed the effect of serum folic acid
concentration on homocysteine level, while the effect of
vitamin Bg and B, concentration was not found.

2. The mean value of homocysteine level in the group of
smokers was higher than in the group of non-smokers, but
tobacco smoking had no statistically significant effect on the
serum homocysteine level.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOopbl nMoaTBEpXAAKT COOT-
BETCTBME CBOEro aBTOPCTBA, COrMAcHO MexXyHapOAHbIM
kputepuam ICMJE (Bce aBTOpbl BHECTU CYLLECTBEHHbIN
BKnag B pa3paboTky KOHLenuuu, npoBeaeHne uccneaoa-
HWS W NOATOTOBKY CTaTbi, NPOYnM M 08obpunu uHanb-
Hyl Bepcuio neped nybnukaumei). Hambonblwuin Bknag
pacnpegeneH cregylowmm o6pasoM: KOHLUENuuUs W nnau
nccnegosaHust — H.A. Bopo6bbera, A.C. BopoHuoBa; cbop
1 MaTemaTtuyeckuii aHanus gaHHblx — A.C. BopoHLoBa,
E.10. MenbHuuyk; nutepatypHbldl 0630p, NOAroTOBKA py-
konucun — A.C. BopoHuoBa, H.A. Bopobbesa, A.W. Bopo-
Bbesa.

KoHdnukt mHTepecoB. ABTOpPbI AEKNapupytT OTCyT-
CTBME SBHbIX U MOTEHLManbHbIX KOH(IMKTOB UHTEPECOB,
CBSA3aHHbIX C NyBrukauuei HacTosLen CcTaTbMm.

WUcTouHuKk puHaHcmpoBaHuMA. ABTOPbI 3asBNAOT 00
OTCYTCTBUM BHELHEro (OMHAHCUPOBaHUS Npy NPOBEAEHUM
“ceneaoBaHms.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMAN NUCbMEHHOE COrnacye NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX AaHHbIX.
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Abstract. Introduction. Androgen replacement therapy has been shown to be effective in the treatment of patients
with urolithiasis and androgen deficiency. The aim of the work was to find out whether androgen replacement
therapy is applicable in the treatment of patients with androgen deficiency in the specific conditions of the COVID-19
pandemic with regard to its possible influence on the most important link in the pathogenesis of COVID-19 — blood
coagulation. According to the results of hospital treatment of 199 men suffering from urolithiasis, it was found
that androgen replacement therapy is not an obstacle for therapeutic measures aimed at persistent restriction of
coagulation processes. Conclusion. In case of pandemic recurrence, androgen replacement therapy can be used
in the treatment of urolithiasis.
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Pestome. BeedeHue. AHpOreHHas 3aMecTUTeNbHAs Tepanusi nokasana cBok 3PeKTUBHOCTb B NIEYEHUM OONbHbIX
C MOYeKamMeHHOM 60one3HbIo M aHaporeHHbIM Aeduyntom. Lienbko paboTbl Obi10 BbISCHUTL, NPUMEHUMA N aHLPO-
reHHas 3amMecTuTeNbHas Tepanums B e4eHun 60MbHbIX C aHAPOreHHbIM AePULMTOM B CNELNGUYECKUX YCIOBUAX
nanaemun COVID-19 B TOM, YTO KacaeTcs ee BO3MOXHOrO BNUSHUSA Ha BaxHelliee 3BeHo naToreHesa COVID-19 —
npovecchl CBepTbIBaHNS kposu. Mo pesynbTaTam cTaunoHapHOro neverns 199 MyxuyuH, cTpagatoLmx yponuTuasom,
YCTaHOBIIEHO, YTO aHAPOreHHas 3amMecTUTeNbHasa Tepanus He ABNSETCS NPensaTCTBUEM ANS NPOBEAEHNs neved-
HbIX MEPONPUSATUIA, HaNPaBNEHHbIX HA CTOWKOE OrpaHNUYeHne KoarynsauMoHHbIX npoleccos. BoiBoA. Y 60MbHbIX,
cTpagatowwmx ot uHgekummn COVID-19 n 04HOBPEMEHHO MOMYYaOLMX aHAPOTEHHYI0 3aMECTUTENbHYIO0 Tepanuio
KaK YacTb JIeYeHMs yponuTinasa, JOCTUXMMO CTONKOE OrpaHNYeHne KoarynsauuoHHbIX NPOLEecCoB, N aH4pOreHHas
3aMecTuUTeNbHas Tepanus NpensTCTBUMEM AN 3TOro He ABnsetcs. B Gyayuiem, B criyyae NOBTOPeHUs NaHAeMUH,
aHAporeHHas 3amecTuTenbHas Tepanus MOXeT ObiTb MPUMEHEHa B NeYeHnn yponutuasa.

KntoueBble cnoBa: MoyekameHHas BonesHb, remocTas, aHgporeHHas tepanus, COVID-19
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INTRODUCTION MATRIALS AND METHODS
Androgen replacement therapy has shown its The organization of clinical studies. Laboratory tests

effectiveness in the treatment of patients with urolithiasis
and androgen deficiency [4-6]. The pandemic of a new
coronavirus infection has made adjustments in the use of
a significant part of treatment methods for a wide range of
diseases.

Articles published by urologists in scientific journals
during the coronavirus pandemic focus more or less on
organizational issues: the impact of reduced physical
activity during the pandemic on the course of urolithiasis
[10]; impact of drug treatment of nephrolithiasis on the
efficacy of COVID-19 vaccination [20]; assessment of the
burden on urologic units during the pandemic [11, 12];
management of urologic units in this setting [19]; triage
of patients [8, 9, 13] and, in particular, the possibility of
postponing surgical treatment until after the pandemic
[17]; methods of preoperative assessment of patients and
the choice of anesthetic techniques to provide urological
operations [15]; risk of postoperative complications [16] and
the quality of life of patients undergoing surgical treatment
for nephrolithiasis in pandemic conditions [23].

The pathophysiology of urolithiasis complicated by
coronavirus infection remains practically unstudied in the
world. The influence of androgen deficiency and, even more
so, the effectiveness of androgen replacement therapy,
carried out against the background of a new coronavirus
infection, are not considered.

At the same time, disturbances in the blood coagulation
system — an increase in coagulation, endothelial inflammation,
suppression of fibrinolysis are known as one of the main
manifestations of COVID-19 infection [1, 2, 7, 21]. Does
androgen replacement therapy have an effect on these
processes? Literature data on this issue are extremely scarce.

A study of the blood coagulation system in elderly men
showed a negative correlation between plasma testosterone
levels and blood platelet reactivity [18]. Androgens reduce
the activity of coagulation processes [14]. Their long-term
use can have antithrombotic effect [24]. One of the reasons
for the decrease in the activity of fibrinolysis is the increased
production of PAI-1, a plasminogen activator inhibitor.
However, at the same time, exogenous androgens inhibit
PAI-1 and thus increase fibrinolysis [22].

AIM

To clarify whether androgen replacement therapy is
applicable in the treatment of androgen-deficient patients
under the specific conditions of the COVID-19 pandemic with
regard to its possible effects on the coagulation processes.

were performed in accordance with standard methods in
the laboratory department of the State Budgetary Institution
“Elizavetinskaya Hospital” (St. Petersburg). The study in-
cluded 199 men aged from 25 to 68 years who were patients
of the urological unit (the head of the unit is Dr. N.S. Tagirov).
Most of the parameters were recorded four times: at the
time of the beginning of inpatient treatment, at the time of
its completion, in 4 months and 1 year after its completion.
Some parameters were registered three times: at the moment
of the beginning of inpatient treatment, after 4 months and
after 1 year. One half of the patients (100 patients) received
androgen replacement therapy, the other half (99 patients)
received conventional therapy (contact lithotripsy performed
after the extracorporeal shock wave lithotripsy). The method
of androgen replacement therapy was previously described
by the head of the collective [5, 6].

Statistical analysis of the results. We used the program
packages SPSS for Windows and STATISTICA v. 6.0. The
significance of intergroup differences was assessed by
nonparametric methods: Mann-Whitney U-test, Wilcoxon
criterion and ANOVA with Bonferroni correction [3].

RESULTS

Platelets. During the whole observation period, the
average number of platelets in COVID- and COVID+ groups
(Fig. 1) ranged from 290435 to 319+54 x 10% and did not
differ statistically significantly (p >0.05). In all patients,
regardless of the type of therapy, the dynamics of the index
was similar: no changes were observed during the treatment
(p >0.05). A statistically significant decrease in platelet count
(p <0.001) to 270431 to 279436 x 10% was observed by
4 months and remained at the same level up to 1 year.

Fibrinogen. The mean fibrinogen concentration in the
blood of COVID- patients was near the upper limit of normal
(2.0-3.9 g/L) from the beginning of hospital treatment and up to
1 year afterward (Fig. 2). Fibrinogen concentration decreased
in COVID+ patients and by 4 months was 4.05+0.84 g/L
(p< 0.001) with conventional treatment and 2.07+0.36
(p <0.001) with androgen replacement therapy. COVID+
patients receiving androgen replacement therapy had 1.74 g/L
(p <0.001) lower plasma fibrinogen concentration by 1 year
than the COVID- group. Among patients receiving conventional
therapy, the fibrinogen concentration in the COVID+ group
was 0.64 g/L higher (p <0.05) than in the COVID- group.

D-dimer. In COVID-patients, the mean level of this parameter
did not change significantly during the study; there were changes
in the range of 212+44 to 250463 ng/L (Fig. 3). D-dimer levels
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Fig. 1. Number (x10%1) of platelets in the blood of patients who
received traditional treatment (A) or androgen replacement
therapy (B) for urolithiasis: C+ — with COVID-19; C- —
without COVID-19. Stages of follow-up: 0 —at the beginning
of treatment; 1 — at the time of hospital discharge; 4 —
after 4 months; 12 — after 12 months. Mean * standard

deviation are presented

KonuyectBo (x10%n) TpoMGOLMTOB B KPOBM GOMNbHbIX,
nony4aslLNX MO NOBOAY YPONUTHa3a TPaguLMOHHOE nevye-
Hue (A) unu aHaporeHHyto 3amecTuUTeNbHyto Tepanuio (B):
C+ — ¢ COVID-19; C- — 6e3 COVID-19. dtankI Habntoge-
HuA: 0 — HaYano cTayMoHapHOro nevyeHusi; 1 — okoH4YaHue
CTaLMOoHapHOro neyvyeHus; 4 — yepes 4 mecsiua; 12 — yepes
12 mecsueB. MpeacTaBnenbl cpegHue apudmetnyeckme
* cpeaHekBaApaTUyecKoe OTKIIOHEHUe

Puc. 1.

were 4124163 to 398191 ng/L in COVID+ patients at the time
of treatment initiation. The level remained virtually unchanged
during conventional treatment, but decreased to 282+70 ng/L
after 4 months (p <0.001) and to 231+26 (p <0.001) after 1 year.
In the case of androgen replacement therapy, the decrease in D-
dimer levels to 68 ng/L (p <0.01) occurred during hospitalization.
By 4 months the decrease reached 124 ng/L (p <0.001), after
1 year the index remained at the same level.

Activated partial thromboplastin time (aPTT). The mean
value of aPTT at the beginning of hospital treatment ranged
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Fig. 2.  Fibrinogen levels (g/L) in the blood of patients treated for
urolithiasis with conventional treatment (A) or androgen
replacement therapy (B): C+ — with COVID-19; C- — without
COVID-19. Other designations are the same as in Fig. 1

Puc. 2. YpoBeHb ¢ubpuHoreHa (r/n) B KpoBM nauueHToB, nony-

YaBLMX NO NOBOAY YpPONUTWa3a TpagMLMOHHOE neyeHue
(A) wnu aHpporeHHylo 3amecTuTenbHyto Tepanuio (B):
C+— ¢ COVID-19; C- — 6e3 COVID-19. Mpoune o603Haue-
HUA Te XKe, YTO U Ha puc. 1

from 28.4+2.3 to 40.0+13.8 s (Fig. 4). In the COVID- group,
the index decreased by 1.53-2.00 s during treatment (p <0.05).
APTT dynamics in COVID+ patients depended on the applied
treatment. The index first increased by 2.70 s (p <0.05) during
androgen replacement therapy, then decreased to the baseline
level. The decrease in the conventional therapy group was
observed within 4 months and amounted to 8.2 s (p <0.05).
Later aPTT was at the same level. In general (except for
the moment of hospitalization completion) aPTT in COVID+
patients was lower than in COVID- patients under androgen
replacement therapy and higher under conventional therapy.
International normalized ratio (INR). At the time of
inpatient treatment, the mean INR ranged from 1.1940.23
to 1.5440.60 (Fig. 5). INR remained at the same level or
increased in the group receiving only conventional therapy
and decreased in the group receiving androgen replacement
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Fig.3. D-dimer level (ng/L) in plasma of patients treated for
urolithiasis with conventional treatment (A) or androgen
replacement therapy (B): C+ — with COVID-19; C- —
without COVID-19. Other designations are the same as in
Fig. 1

YpoBeHb D-gumepa (Hr/n) B nna3me KpoBM GOMNbHbIX, No-
ny4yaBWKX NO NOBOAY YPONUTMasa TpaAuLMOHHOE neve-
Hue (A) unu aHgporeHHylo 3amecTuTenbHyto Tepanuio (B):
C+—c COVID-19; C- — 6e3 COVID-19. Mpouune o603Haye-
HUA Te Xe, 4TO U Ha puc. 1

Puc. 3.

therapy during the treatment of COVID+ patients. androgen
replacement therapy. By 4 months INR stabilized in the range
of 1.13+0.39 to 1.21£0.17, and by 1 year there were no
significant changes. The index was 1.07+0.23 to 1.19+0.47
units by the end of follow-up. Differences between COVID+
and COVID- groups were statistically significant only during
the treatment period and by the time of hospital discharge,
which was 0.23-0.40 units (p <0.01).

DISCUSSION

Platelets. The platelet count (Fig. 1) was within the
normal range (180-320x10%1) during the observation

AKTUBMpOBaHHOE YacTUYHOE TPOMGONNacTMHOBOE BpeMs
(25,1-36,5 c)
Activated partial thromboplastin time (25,1 - 36,5 s)
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Fig.4. Activated partial thromboplastin time (c) recorded in

patients receiving conventional treatment (A) or androgen
replacement therapy (B) for urolithiasis: C+ — with
COVID-19; C— — without COVID-19. Other designations are
the same as in Fig. 1

Puc. 4. AkTMBMpPOBaHHOE 4YacTMYHOEe TPOMOOMNACTMHOBOE BpeMs

(c), 3aperncTpupoBaHHoOe y 6ONbHbIX, NONYy4YaBLIKUX MO NOBO-
Zy yponuTuasa TpaguLMOHHOe JieyeHue (A) unm aHgporeH-
HyH0 3aMecTUTeNbHy Tepanuio (B): C+ — ¢ COVID-19; C- —
6e3 COVID-19. Mpoymne 0603HaueHUs Te xe, 4To U Ha puc. 1

period and underwent similar changes: a decrease during
treatment and by 4 months, later the maintenance at
the same level. The dynamics of the parameter was not
related to the type of urolithiasis treatment, nor to the
presence or absence of COVID-19 infection. According
to this indicator, new coronavirus infection is not a
contraindication for treatment of urolithiasis in general
and androgen replacement therapy in particular.
Fibrinogen. The amount of fibrinogen (Fig. 2) in
the blood of COVID+ patients decreased sharply during
treatment and in the first time after discharge from the
hospital, and by 4 months it was equal to the index in
the group of patients who did not suffer from a new
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Fig. 5. International normalized ratio recorded in patients treated
for urolithiasis with conventional treatment (A) or androgen
replacement therapy (B): C+ — indicates with COVID-19;
C- — indicates without COVID-19. Other designations are

the same as in Fig. 1

MexayHapoaHoe HOpManu3oBaHHOe OTHOLIEHWe, 3aperu-
CTPMPOBaHHOE Y 6ONbHbIX, NONYyYaBWKX NO NOBOAY Ypo-
nuTMasa TPaguULMOHHOE NeyeHue (A) UK aHAPOreHHy
3amecTutenbHyw Tepanuto (B): C+ — ¢ COVID-19; C- —
6e3 COVID-19. Mpoune 0603HaYeHUS Te Xe, YTO M Ha puc. 1

Puc. 5.

coronavirus infection. While baseline values differed,
the dynamics of the index was not related to the type of
treatment for urolithiasis. We consider these results as
confirmation that androgen replacement therapy used as
a component of treatment of urolithiasis is not an obstacle
to attenuation of coagulation processes in patients
suffering from the concurrent COVID-19 infection.
D-dimer. This indicator of fibrinolysis (Fig. 3) was within
the normal range (from 0 to 500 ng/L) in all patients. The
difference between COVID+ and COVID- groups leveled
out by 4 months in case of androgen replacement therapy,
while in case of conventional therapy it disappeared only
by 1 year. We believe that the coagulation restriction used

in COVID-19 is also not a contraindication for androgen
replacement therapy in the treatment of urolithiasis.

Activated partial thromboplastin time. We re-
gistered multidirectional changes in aPTT (Fig. 4). Sig-
nificant differences between the values of this index in
COVID+ and COVID- patients were noted in the course
of treatment, but only in patients receiving conventional
therapy.

International normalized ratio. In COVID+ patients
receiving androgen replacement therapy, INR increased
by 0.16 units during treatment (p <0.05), indicating
coagulation limitation (Fig. 5). The index did not differ
by 4 months between patients who had suffered from
coronavirus infection and those who had avoided
coronavirus infection. We consider these data as another
indication that it is possible to treat COVID-19 infection
and urolithiasis simultaneously, including with the use of
androgen replacement therapy.

CONCLUSION

In patients suffering from COVID-19 infection and
concomitantly receiving androgen replacement therapy as
part of the treatment of urolithiasis, sustained coagulation
limitation is achievable, and androgen replacement therapy
is not a barrier to this. In the future, if the pandemic recurs,
androgen replacement therapy may be used in the treatment
of urolithiasis.
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECN CYLUECTBEHHbIN
BKNapg B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f0BpUnu UHaNbHYH0
Bepcuto nepeq nybnvkayuen.
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KoHnukT mHTepecoB. ABTOpPbI 4EeKNapupytT OTCyT-

CTBME SBHbIX W MOTEHLMANbHbIX KOH(IIMKTOB UHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLWEN CTaTby.

UcTouHuKk puHaHcmpoBaHuA. ABTOpbI 3asBNsOT 00

OTCYTCTBWW BHELUHETO (PMHAHCMPOBaHUS NPU NPOBEAEHUN
nccneaoBaHms.

WUHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-

TOpbI nony4yunn nuCbMeHHoOe cornacue nauneHToB Ha ny-
6nvn<au,mo MEeANLUMHCKNX OaHHbIX.
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Abstract.Introduction. The characteristics of enzymes and transaminases in saliva and coprofiltrate in the “Mother—
placenta—fetus” system in women were studied by trimester of pregnancy and in the postpartum period. The purpose
of the work — to study the enzyme profile of biological fluids during pregnancy, to establish a relationship between
the content of enzymes in the blood, their excretion in the composition of excretes and recretes with the activity of
transaminases in the corresponding substrates. Materials and methods. The material for the study was taken from
non-pregnant and pregnant women. The dynamics of changes in the activity of hydrolases in biological fluids was studied.
Results. The participation of secretory and excretory pathways of enzyme excretion from the blood and body during
pregnancy has been shown, the participation of salivary glands in the recreation of hydrolases in enzyme homeostasis
has been isolated. Conclusions. The participation of transaminases and alkaline phosphatase in the homeostasis of
hydrolases is not excluded, which is proved by the enzyme profile of biofluids during pregnancy.

Keywords: enzymes, incretion; recreation, excretion, pregnancy, salivadiagnostics

NMOKA3ATENW AKTUBHOCTU NULLEBAPUTENBHbLIX ®EPMEHTOB
U TPAHCAMUHAS B CNIOHE N KOMPO®UINBTPATE
Y XEHLWMH B NMPOLIECCE BEPEMEHHOCTW

© Enena ButanbesHa Konoakuna' 2, Cepreit Anekcanaposud Jlbitaes’, Muxaun Muxaitnosuy Mfanaryasa®

! CaHkT-MeTepbyprekuit rocyAapCcTBEHHbIN NeAnaTpuieckuit MeauumHekuin yHusepcutet. 194100, r. Cankt-MeTepbypr, yn. NuTosckas, 2
2 HawuoHarbHbI MeAULMHCKUA UCCrieaoBaTenbCkuit LeHTp um. B.A. Anmasosa. 197341, . CawkT-MeTepbypr, yn. Akkypatoea, 2

3 VIHCTUTYT aKCriepuMeHTanbHoi MeaunumHbl. 197022, r. CaxkT-MetepGypr, yn. Akagemuka Masnosa, 12

* MepBbiit CaHkT-MeTepbyprekuii rocyAapCTBEHHbIN MEAULMHCKUA YHUBEPCUTET UM. akademuka .M. Masnosa.

197022, r. Cankt-MNeTepbypr, yn. llbea Tonctoro, 6-8

KoHTakTHas uHchopmaums: EneHa ButanbesHa KonogkuHa — K.M.H., AOLEHT kacdbeapbl HopMansHom duaunonorum CrermMmy;
[OLEHT kacdhepbl NaTonornyeckoi usnonory HaymnoHanbHoOro MeanuLMHCKOro CCNeaoBaTenbCcKoro LeHTpa nm. B.A. Anmasosa.
E-mail: 922-666-2045@mail.ru  ORCID: https://orcid.org/0009-0001-6304-8680 SPIN: 9082-3341

Ans yumupoeanus: Konogkua E.B., Jbitaes C.A., Fanarynsa M.M. MokasaTenu akTMBHOCTYW NULLEBaPUTENbHbIX (PEPMEHTOB U TPaHCaAMMHA3
B CItOHE W KonpodunbTpaTe Y XeHLMH B npouecce 6epemeHHocTu// Poccuiickne bromeanumHckme nceneposanms. 2024, T. 9. Ne 3. C. 35-41.
DOI: https://doi.org/10.56871/RBR.2024.96.65.005

MocTynuna: 19.06.2024 Opobpexa: 02.08.2024 MpwunsTa k nevatu: 16.09.2024

& POCCHIICKIE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 9 No3 2024 ¢ISSN 2658-6576




36

ORIGINAL PAPERS

Pestlome. BeedeHue. M3yyanuch 0cobeHHOCTI hePMEHTOB M TpaHCAMMHA3 B CIOHE U KOMPOGUNbTpaTe B cUCTEME
«MaTb-nnaLeHTa—nnoA» y XeHLUMH no TpumecTpam GepeMeHHOCTM 1 B NocnepoaoBblit nepuos. eas uccnedo-
8aHUA—M3Y4nTb HEPMEHTHbIA NPOdUIb GUONOrMYECKNX KULKOCTEN NPK GEPEMEHHOCTH, YCTAHOBUTL CBS3b MEX/Y
COfiepXaHueM hepMeHTOB B KPOBU, BbieNEHUEM UX B COCTaBe 3KCKPETOB W PEKPETOB C aKTUBHOCTbIO TpAHCaMUHa3
B COOTBETCTBYIOWMX CyGcTpaTax. Mamepuanbl u Memodsl. MaTepuan Ans uccrnegoBanus 6pancs y HebepemMeHHbIX
N 6epeMeHHbIX KeHLWMH. M3yyanack AMHaMUKa U3MEHEHUs akTUBHOCTY r1aponas B GUONOrMYecknx XuaKkocTsx.
Pe3ynbmamsl. [okasaHo yyacTie pekpeToOPHOro 1 SKCKPETOPHOTO NyTeil BblAENEeHNs (hepMEHTOB 13 KPOBU U opra-
HM3ma npu 6epeMeHHoCTI, 060COBNIEHO yYacThe CIIIOHHBIX XeNe3 B pekpeLun ruaponas B hepMeHTHOM roMeocTase.
Bbigodbl. B romeocTasupoBaHuy rngposias He UCKIIOYEHO yyacTue TpaHCaMnHas U WenovHon docdaTasbl, YTo
[0Ka3bIBaeTCs hepMEHTHbIM Npodunem BUoxmakocTeit npn GepemMeHHoCT!.

KnioueBbie cnoBa: hepMeHTbI, MHKPELWs, pekpeuus, akckpeuus, 6epeMeHHOCTb, canuBaguarHocTuka

INTRODUCTION

Enzymes increted by digestive glands are irretrievably
excreted from the body as part of urine, sweat, and feces,
as well as excreted from the blood by recreation with their
subsequent participation in the polyenzyme supply of
secretions entering the gastrointestinal (Gl) tract [2-4, 8,
9, 11]. A special role is assigned to the incretin enzymes,
whose homeostasis is dynamically maintained under various
functional states of the body, one of which is pregnancy
[19]. Metabolic relations between the maternal organism
and the growing fetus are established during pregnancy,
which actively absorbs amino acids for protein synthesis.
The fetus absorbs nutrients with amniotic fluid, which are
hydrolyzed to monomers in the Gl tract of the developing
organism by enzymes that are recreted into the aquafetal
environment (an autolytic digestion) [1, 15, 16].

The processes of excretion and recreation of such
enzymes as pepsinogen, amylase, lipase, and alkaline
phosphatase were previously studied by measuring their
concentration/activity in urine and feces (coprofiltrate), as
well as their excretion by salivary glands [5, 6, 10].

In parallel with hydrolases, transaminases were studied
in the same biological fluids.

The excretion of hydrolases (pepsinogen, amylase,
lipase) with excreta or as part of recretes is associated
with transaminase and alkaline phosphatase activities that
supply energy for translocation processes and pinocytosis
(transcytosis) [14].

Cholestasis, destructive processes in hepatocytes or
tension of biliary function specifically change the activity of
transaminases and alkaline phosphatase [14].

De Ritis ratio (aspartate aminotransferase/alanine
aminotransferase (AST/ALT)) reflects central or peripheral
types of metabolic shifts, and alkaline phosphatase serves
as an indicator of metabolic processes, in particular,
changes in glucose levels [12].

Enzymological changes in blood reflect both diagnostic
and especially metabolic sense, and in general characterize
the biochemical status of the organism. Alkaline phosphatase
is responsible for glucose output from cells and for the
formation of phosphate pool. It is a marker of ontogenetic
maturity and a regulator of transmembrane fluxes [14, 20].

AST and ALT are stable indicators. They are in a tight
metabolic relationship, forming the de Ritis ratio, which
integratively relates protein metabolism and characterizes
total blood protein [12-14].

AIM

The aim of the study is to investigate the enzyme profile
of biological fluids in pregnancy, to establish the relationship
between the content of enzymes in the blood, their excreta
and recreta with the activity of transaminases in the
corresponding substrates.

MATERIALS AND METHODS

The material for the study was taken from non-pregnant
(n=45) — control and pregnant (n=86) women — women in
labor at full term.

The content and activity of pepsinogen, amylase, lipase,
alkaline phosphatase and transaminases (AST, ALT) in
fluids (blood, saliva, urine and coprofiltrate) in non-pregnant
and pregnant women in trimesters of pregnancy and in the
postpartum period were studied. The de Ritis ratio (AST/
ALT) was calculated.

Total proteolytic activity was determined at low pH
values of 1.5-2.0 by spectrophotometric (tyrosine) Kunitz—
Northrop method in modification. Amylolytic activity
was determined by amyloclastic method according to
Karavey. Alkaline phosphatase activity was determined by
standard constant time method using biotests by Lahema
diagnosticum (Czech Republic). Lipolytic activity was
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determined by unified method using olive oil as a substrate
[13]. Transaminase activity (AST, ALT) was determined by
colorimetric dinitrophenylhydrazine method according to
Reitman and Frenkel [21].

Statistical processing of the results was performed using
Microsoft Excel 2003 spreadsheets, SPSS 11.0 and Primer
of biostatistics 4.03 programs.

RESULTS

Serum amylolytic activity was 13.5£0.8 units/mL in non-
pregnant women. It remained almost the same in pregnant
women in the | trimester, whereas in the Il and especially in
the Il trimester it significantly increased — 2-fold (p <0.001)

compared with the control group and the | trimester of
pregnancy. In the postpartum period, the enzyme activity
decreased, not reaching the indicators of non-pregnant
women (Table 1).

Urinary amylase excretion in the control group was
higher (64.1£1.6 units/mL) than in pregnant women
during the | trimester of pregnancy. After the labor, there
was a decrease in urinary amylase activity (1.5-fold;
p <0.001).

Amylase synthesis by salivary glands tended to increase
from control values and from the beginning to the end of
pregnancy (Table 2).

Amylase activity decreased in the postpartum period,
not reaching the values in non-pregnant women.

Table 1

Indicators of the activity of digestive enzymes and transaminases in blood and urine in the control group
and pregnant women who gave birth on time, during trimesters of pregnancy and after childbirth)

Tabnuya 1

Moka3aTenu akTUBHOCTH nuieBapuTenbHbIX d)epMEHTOB M TPpaHCaMKHa3 B KPOBU U MoY4e y nuu KOHTpOHbHOVI rpynnbl
n GepeMEHHbIX XEHLMWH, poauBLLUKX B CPOK, N0 TPUMecTpam 6epeM9HHocm unnocne pogos

BepemeHHble CO CpoYHbIMK popamm /
Mokasatenn / KoHTponibHas rpynna / Pregnant women with an urgent delivery (n=86)
Indicators Control group (n=45) | TpumecTp / Il pumectp /| Il TpumecTp Mocrie poaos /
| trimester Il trimester [l trimester After giving birth
Kposb / Blood
Amunasa (eg/mn) / Amylase) (units/ml) 13,5+0,8 11,3+ 1,1 18,2+1,7** 25,0+1,3* 17,8+0,8**
MencuHoreH (Tvp. ea/mn) / 58,1+1,1 44,2433 53,8+4,1* 48,2+2,6** 44,4+1,8*
Pepsinogen (tyr. units/ml)

Nwna3a (eg/mn) / Lipase (units/ml) 18,1£0,7 15,8+1,5** 21,4+1,6* 32,1+1,8* 21,317
LenoyHas poccatasa (ea/mn) / 722,1+50,6 1015,6+102,2** | 1200,1£114,2* | 1287,8+102,3** 855,6167,4
Alkaline phosphatase (units/ml)

ACT (eg/mn)  AST (units/ml) 11,1¢1,2 12,1£1,2 14,3+£1,2** 18,5+1,3* 14,0+1,2
ANT (ea/mn) / ALT) (units/ml) 8,8+0,7 13,7811 15,9£1,3** 20,5+1,7* 14,5+1,2**
ACT/ANT [ AST/IALT 1,26+0,04 0,88+0,01* 0,89+0,01* 0,90+0,01** 0,96+0,02**
Mova / Urine
Awmwunasa (ea/mn) / Amylase (units/ml) 64,1+1,6 42 2+0,8* 50,6+1,4* 67,2+2.1 41,2+0,9*
MencuHoreH (Tvp. ea/mn) / 4520,3+212,0 5200,8+186,1** | 7800,1+204,1* | 9650,1£211,5* | 3698,5+146,7**
Pepsinogen (tyr. units/ml)

Nunasa (ea/mn) / Lipase (units/ml) 20,6+0,8 24.4+0,4* 35,2+1,6* 41,2+1,9* 27,5%£0,5
LLenounas ocdarasa (ea/mn) / 428,6+18,1 320,1+£16,7** 480,7+20,6 410,9£19,1 240,4£16,2**
Alkaline phosphatase (units/ml)

ACT (eg/mn) / AST (units/ml) 5,7+0,7 4,3+0,3* 4,5+0,3* 51+0,4 4,7+0,3*
ANT (ep/mn) / (ALT) (units/ml) 51%0,6 4,8+0,3** 5,240,4 5,3£0,4 4,8+0,3*
ACT/ANT | AST/IALT 1,1£0,03 0,89+0,01* 0,86+0,01** 0,96+0,02 0,98+0,02

MpumeyaHue: [OCTOBEPHOCTb Pa3Niynil C NokasaTensamu KOHTponbHo! rpynnbl: * — p <0,001; ** — p <0,05.

Note: significance of differences with the indicators of the control group: * — p <0.001; ** — p <0.05.
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Table 2

Indicators of the activity of digestive enzymes and transaminases in saliva and coprofiltrate in the control group

and pregnant women who gave birth on time, during trimesters of pregnancy and after childbirth

Tabnuya 2

MokasaTenu akTMBHOCTYW NULWEBapUTENbHbLIX ()ePMEHTOB U TPaHCAMUHA3 B CIIOHE W KONPOUNbTPaTe y NNL, KOHTPOMNBHOM
rpynnbl 1 6epeMeHHbIX XXeHLUH, POAUBLLMX B CPOK, N0 TPMMecTpam 6epeMeHHOCTH 1 Nocrie poaoB

Mokasatenn /

KoHTponbHas rpynna /

Pregnant women with an urgent delivery (n=86)

BepemeHHble CO CPOYHbIMU pogamm /

Indicators Control group (n=45) | | rpumectp / Il tpumectp/ | Il Tpumectp/ | Mocne poaos /
| trimester [l trimester Il trimester | After giving birth
CnioHa / Saliva
Awvwnasa (ea/mn) / Amylase (units/ml) 2385,3+264,7 2506,2+285,1 | 3515,1+440,8** | 4781,64423,8* | 3109,0+294,2*
MencuHoreH (Tvp. eg/mn) / 1520,9+247,6 1208,6+296,2* | 1807,0£215,6 | 2612,9+218,1* | 1463,3+221,6
Pepsinogen (tyr. units/ml)

Jvnasa (eq/mn) / Lipase (units/ml) 64,8+7,0 78,1+£15,2** 90,3+8,4* 121,1£11,6* 70,9454
LLlenoyHas coccatasa (eg/mn) / 215,6+22,3 722,0+38,3* 518,2+454* 361,8+30,2 475,3+£31,6**
Alkaline phosphatase (units/ml)

ACT (eg/mn) / AST (units/ml) 8,111 7,240,6% 8,6+0,6 14,041,2* 12,541,0*
ANT (ea/mn) / (ALT) (units/ml) 6,4+0,8 6,6+0,5 10,440,8* 13,141,1% 11,2+0,9*
ACT/ANT / AST/IALT 1,26+0,04 1,09+ 0,03 0,83+0,01* 1,0740,03** 1,1240,03
Konpodmnbtpar / Coprofiltrate
Amunasa (ea/mn) / Amylase (units/ml) 19,5+0,8 21,615 30,2+2,2** 44 4+3 9* 18,3+0,9
MencuHoreH (Tup. ea/mn) / 442 2+20,5 410,2+16,1 270,8+20,4** 153,8+10,9* 315,3+16,8**
Pepsinogen (tyr. units/ml)

Ivnasa (en/mn) / Lipase (units/ml) 320,8+12,6 420,3+16,0** 390,4+15,5 344 4+17 2 324,3+13,6
LLlenoyHas cocparasa (eg/mn) / 6220,4+248,0 5740,2+218,7 | 3483,1+113,2** | 2236,6+158,6* | 3229,2+122,1**
Alkaline phosphatase (units/ml)

ACT (ea/mn) / AST (units/ml) 4,2+0,3 9,6+0,8* 9,8+0,8* 10,7+0,8* 8,6+0,6*
ANT (ea/mn) / (ALT) (units/ml) 4,2+0,3 9,440,7* 9,4+0,6* 10,7+0,8* 8,5+0,6*
ACT/ANT / AST/ALT 1,0+0,02 1,02+0,02 1,04+0,02 1,0£0,02 1,01£0,02

lMpumeyaHue: [OCTOBEPHOCTb PA3NMUNiA C NOKa3aTENs MU KOHTPONbHOW rpynnbl: * — p <0,001; ** — p <0,05.
Note: significance of differences with the indicators of the control group: * — p <0.001; ** — p <0.05.

Coprofiltrate (fecal dilution 1:4) had a slightly higher
activity than serum amylase, which acquired greater
amylolytic activity during pregnancy, amounting at the end
of pregnancy to values 2 times higher than the control.
After delivery the values were comparable to those of non-
pregnant women (Table 2).

As for the lipolytic activity of serum, except for the
| trimester of pregnancy, there is an increase in its growth
in the 1l and Ill trimesters, and after labor it decreases
almost to the values of the control group. From trimester
to trimester the excretion of lipase with urine and saliva
increases, remaining above the control and after delivery.
Lipolytic activity in coprofiltrate increases in the | trimester
and remains elevated in the subsequent periods of
pregnancy.

With regard to alkaline phosphatase, there is a high level
of the enzyme in the blood in the I, lIl trimester of pregnancy
and in the postpartum period. There is an increase in the
excretion of the enzyme in the urine in the | and Il trimesters,
and subsequently its concentration decreases, remaining after
delivery below the control values. Having increased in the
| trimester, the alkaline phosphatase activity of saliva remains
high compared to the data in non-pregnant women. Being
high in the control group, the enzyme activity in coprofiltrate
decreases during pregnancy almost 3 times (p <0.001), holding
the energy reserve for the development of pregnancy.

There is an increase in both AST and ALT in serum
during pregnancy compared to the control group. However,
the de Ritis ratio (an indicator of adaptation of metabolic
fluxes), equal to 1.26£0.04 in the control, becomes less
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than 1 due to a greater increase in ALT, which is included
in glucose-alanine shunt and catabolism. AST acts as an
integrator of metabolism, an indicator of lipid peroxidation in
the mechanism of cytolysis.

In urine, transaminase activity is not so great and
decreases in pregnancy by AST in all trimesters and ALT in
the I trimester. The de Ritis ratio changes accordingly to the
indicator in the blood.

In the saliva of the control group, the content of AST
and ALT is almost equal to that in blood, i.e. transaminase
activity in these fluids is the highest. In pregnancy in the
| trimester in saliva it decreases, in the Il and Il trimesters
AST activity increases, and ALT remains decreased in the I
and increases in the Ill trimester. Accordingly, the AST/ALT
ratio, which is greater than one, changes.

While in coprofiltrate in non-pregnant women the
activity of transaminases is minimal (4.2+0.3 units/mL), in
pregnancy it increases more than 2-fold for AST (p <0.001)
and 1.8-1.9-fold for ALT (p <0.05). The de Ritis ratio of
coprofiltrate in pregnancy is higher than one.

DISCUSSION

The obtained results indicate an increase in amylolytic
activity of blood serum, saliva and coprofiltrate during
pregnancy. Moreover, the amylolytic activity of the biological
fluids studied remained higher than that of the control group
in the postpartum period. According to the secretion of
amylase with saliva, it is possible to refer to the dynamics of
pregnancy, which is currently used in salivadiagnostics [7,
9,10, 13, 17-19, 21].

A different dynamics was observed in relation to amylase
in urine: the control group had a higher index than pregnant
women in the | trimester. The activity of amylase in urine
decreased after the labor.

The proteolytic activity of serum and coprofiltrate
decreased during pregnancy and remained at a low level
in the postpartum period. Blood plasma pepsinogen reflects
the metabolism of amino acids and their anabolism [5]. Its
value in the control group corresponded to the average
values of literature data in the control group [8].

The fate of plasma pepsinogen depends on urinary excre-
tion of pepsinogen, which increases from trimester to trimester
and sharply decreases after delivery. In addition, saliva in the
Il 'and II trimesters of pregnancy had greater proteolytic activity
than the control group. Its indices decrease in the postpartum
period, which corresponds to the dynamics of protein-producing
function in the “mother—fetus” system [8, 10].

The data on alkaline phosphatase parameters had
differently directed changes throughout pregnancy in the
women studied. In serum and urine there was an increase

in the level of alkaline phosphatase by the end of pregnancy
compared to the values in non-pregnant women. At the
same time, in saliva, the highest values of the enzyme
were detected in the | trimester of pregnancy with a
subsequent decrease in the postpartum period. The alkaline
phosphatase activity of coprofiltrate throughout pregnancy
remained lower than that of non-pregnant women.

Alkaline phosphatase occupies an intermediate position
in the classification of enzymes between hydrolases and
transaminases [13]. Its hydrolytic activity in blood has
multiple sources (gut, pancreas, liver, bone tissue, fallopian
tubes). This also dictates its polyfunctionality, namely
its participation in transport, regulatory, and integrative
systems [5]. Alkaline phosphatase reflects its inclusion in
the process of pregnancy, especially in the | trimester, in
connection with the transport of substances-metabolites
during the formation of the “mother—fetus” system.

In all the biological fluids studied, we found the presence
of transaminases in women in all trimesters of pregnancy
with the greatest changes in serum and coprofiltrate. The
data on the ratios of enzyme content in blood, saliva, urine
and coprofiltrate in pregnancy are presented to illustrate this
phenomenon.

CONCLUSION

1. In pregnancy, there is an increase in the activity of
serum amylase, saliva and coprofilirate with preservation
of the level of indicators above the control group in the
postpartum period.

2. A different dynamics is observed with respect to
proteolytic activity of serum and coprofiltrate with the lowest
values at the end of pregnancy.

3. Alkaline phosphatase activity has multidirectional
changes from | to Il trimester of pregnancy with the greatest
changes in enzyme values in saliva.

4. Transaminase activity of blood serum, saliva, urine
and coprofiltrate with predominant enzyme levels in serum
and coprofiltrate was detected in pregnant women.

5. The obtained results indicate the presence of
homeostasis pathways of hydrolases due to recretory and
excretory excretion of them from blood by salivary glands,
intestine and kidneys.

6. The data on the secretion of enzymes in saliva may be
the basis for the use of salivadiagnostics as a noninvasive
method of diagnosis.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. BCce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f06pUNIN UHANBHYIO
Bepcuto nepep nybnukauuen.

KoHnuKT MHTepecoB. ABTOpPbI AEKApUPYOT OTCYTCT-
BUE SABHbIX M MOTEHLMArbHbIX KOH(IIMKTOB UHTEPECoB, CBS-
3aHHbIX C NybnuKaLmeil HacTosILen cTaTby.

WUcTouHuk puHaHcmpoBanus. ABTOpbI 3asBnsOT 06
OTCYTCTBUM BHELUHErO (DMHAHCUPOBAHUS NPU NPOBEAEHUM
nccneaoBaHus.

WUHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MONYYUNN NUCbMEHHOE COrfacue nauueHToB Ha nyb-
NKaLUMIo MeaULMHCKMX AaHHbIX.
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Abstract. The autonomic nervous system regulates all internal processes of the body, thus ensuring homeostasis. A disturbance
in the balance of the autonomic nervous system can lead to clinical manifestations of autonomic dysfunction, often described
in rheumatologic patients. Clinical manifestations of autonomic dysfunction vary widely in patients with rheumatoid arthritis
(33-86% of cases) and systemic lupus erythematosus (9-90% of cases). The phenomena of dysautonomia in rheumatologic
patients may manifest before the manifestation of specific symptoms of the disease. Signs of autonomic dysfunction reduce
the quality of life of patients and pose a diagnostic challenge because of the variability of the clinical picture. An important
aspect in the treatment of dysautonomia is early detection and a multidisciplinary approach. This review presents evidence that
there is a positive effect of regular exercise in rheumatologic patients. It is important to remember that not all patients can be
physically active due to chronic pain syndrome, joint swelling and deformity, limited spinal mobility, impaired thermoregulation
and other clinical manifestations. Regular exercise can help restore the balance between the sympathetic and peripheral
nervous systems. An exercise program as part of rehabilitation is developed individually based on the patient’s complaints
and physical parameters (strength, endurance, balance and coordination).

Keywords: autonomic dysfunction, dysautonomia, rheumatologic diseases, multiple sclerosis, physical exercises
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Pe3stome. BeretatsHas HepBHas cuctema perynupyert Bce BHYTPEHHUE NpoLecChl opraHuama, obecneunsas Tem
cambIM romeoctas. HapyleHue banaHca B paboTe BereTaTuBHOI HEPBHOW CUCTEMbI CMOCOBHO NPUBECTY K KNNHNYE-
CKWM NPOSIBNEHNSM BEreTaTUBHON AUCHYHKLNN, HEPEAKO ONUCHIBAEMON Y 60NbHBIX PEBMATONOrMYECKOro NpOduns.
KnuHnyeckne nposiBneHns BereTaTuBHON ANCHYHKLMM BapbUPYIOT B LUMPOKKUX Npeaenax y nalueHToB ¢ peBmaTto-
naHeiM aptputom (33-86% crnyyaes) 1 cUCTEMHOI KpacHom BonyaHkoit (9-90% crnyyaes). AABNeHNs AM3aBTOHOMUM
y NauMeHTOB peBMaTONOrMYeckoro Npouns MoryT NposBUTLCS 40 MaHWdecTauum cneunguyecknx CMMnToMoB
3aboneBaHws. Mpu3Hakn BEreTaTMBHON ANCHYHKLIMM CHIKAKOT KAYECTBO XWU3HW MaLWMEeHTOB N NpeacTaBnsoT cobon
npobnemy 4ns AMarHOCTUKK 13-3a BapnabenbHOCTH KIIMHNYECKON KapTUHbI. BaxHbIM acnekToMm B neveHnn au3as-
TOHOMWW SIBNSIETCH paHHee 06HapyXeHWe 1 NPUMEHEHNe MexaucuMnaMHapHoro noaxoaa. B o63ope npeacrasne-
Hbl AaHHble, CBUAETENbCTBYOLIME O HANMUYUM NOSOXNTENBHOMO BAUSHUSA PEryNSpHbIX TPEHMPOBOK Ha NaLWeHTOB
peBMaTonornyeckoro npoduns. BaxxHo NOMHNTL, YTO He BCe NauueHTbl MOTyT ObITb (OM3NYECKM aKTUBHBIMW U3-3a
XpOHUYeckoro 6oneBoro cMHApoMa, oTeka n aecopmaLyy CycTaBoB, OrpaHUYEHHON NOABMKHOCTY NO3BOHOYHMKA,
HapyLWeHUN TePMOPEryNALMN N APYrUX KIIMHWYECKNX NPOSIBNEHUI. PerynspHble guanyeckme ynpaxHeHus MoryT
cnocobcTBOBaTL BOCCTAHOBIEHNIO 6anaHca Mexay CUMNaTUYeckon 1 nepudepmyeckon HepBHbIMU CUCTEMaMU.
lMporpamma TPEHMPOBOK Kak YacTb peabunutaumn paspabatbiBaeTcs MHAMBUAYANBHO HA OCHOBE Xanob nayneHTa
W ero uamnyecknx nokasartenein (Cunbl, BBIHOCIMBOCTMW, PaBHOBECUS 1 KOOPAUHALMK).

KniouyeBble cnoBa: BeretatiBHas ,EI,VICbeHKLWIFl, AN3aBTOHOMUA, peBMaTonornyeckune 3a60neBava, paCCGﬂHHbIVI

CKnepos, usnyeckne ynpaxHeHns

INTRODUCTION

The group of pathologies of the rheumatological profile
includes rheumatoid arthritis, systemic lupus erythematosus,
ankylosing spondylitis, gouty arthritis, multiple sclerosis
and others. Pathologies of the rheumatological profile are
characterized by a multitude of systemic manifestations and
a high degree of disability of patients.

In recent years, the role of the autonomic nervous
system in the pathogenesis of these diseases has been
increasingly discussed [5, 45]. The possibility of its training
to improve the quality of life of patients has been discussed
too [19]. Therefore, special attention is paid to the possibility
of regulating autonomic tone through physical rehabilitation.

AIM

The aim of the review is to provide an up-to-date view of
the relationship between the autonomic nervous system and
physical activity in rheumatologic patients.

THE AUTONOMIC NERVOUS SYSTEM AND EXERCISES

The autonomic nervous system (ANS) plays an important
role in the regulation of various body functions, including

the cardiovascular system (CVS). Such parameters as
the heart rate (HR), conduction, myocardial contraction
and relaxation force are influenced by the balance of the
parasympathetic and sympathetic nervous system. When a
person transitions from rest to exercise, both ANS structures
must function throughout the duration of exercise, and
therefore the ANS response during the transition from rest
to exercise is considered to be quite complex [62].

Successful functioning of the autonomic nervous system
is based on rapid analysis by brain structures of incoming
information from various receptors (in blood vessels, skeletal
muscles, heart, lungs) and development of an adequate
response. The response is realized by the peripheral part
of the nervous system, releasing the neurotransmitters
acetylcholine and noradrenaline from nerve fiber endings
[54]. Such signals are received by the heart, adrenal glands,
and vascular smooth muscle. Changes in sympathic and
vagus balance depend on the type of exercise (isometric,
isotonic or isokinetic), its intensity and duration [18]. At the
beginning of exercise, there is an immediate decrease in
cardiac vagus nerve tone, which leads to an increase in
the HR, ventricular contractility, stroke volume and, as a
consequence, cardiac output [38].

The contribution of the peripheral nervous system to HR
is thought to be highest during low-intensity exercise and
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decreases proportionally as exercise intensity increases,
especially when HR reaches 100 beats per minute or
more [28]. In contrast, the contribution of the sympathetic
nervous system increases linearly with increasing exercise
intensity. Activation of the sympathetic nervous system and
subsequent release of adrenaline from the adrenal medulla
contribute to an increase in HR and ventricular contractility
and cause vasoconstriction in untrained muscles and
internal organs, thus redistributing cardiac output toward
actively working muscles.

Physical exercise activates the release of muscle
metabolites stimulating a-adrenoreceptors, which leads to a
decrease in the effectiveness of sympathetic vasoconstrictor
influences (functional sympatholysis) [61]. Upon cessation
of exercise, there is a rapid recovery of HR, followed by
a gradual decrease in HR that takes several minutes
[39, 43]. Athletes with good physical training have higher
activity of the peripheral nervous system. Athletes show
a rapid recovery of HR after cessation of training [43] and a
significant decrease in resting HR [4, 12]. Thus, the balance
of the autonomic nervous system is important for proper
cardiovascular response during exercise and for human
well-being [28].

Changes in the balance of both the sympathetic
nervous system and the peripheral nervous system can
lead to clinical manifestations of autonomic dysfunction.
These can be characterized by a wide range of symptoms,
including neurological (headache, sleep disturbances),
cardiovascular (tachy- or bradycardia, hyper- or hypo-
tension, orthostatic disorders), pulmonary (dyspnea),
gastrointestinal (nausea, abdominal bloating, diarrhea or
constipation, abdominal pain), genitourinary (neurogenic
bladder, erectile dysfunction), secretomotor (sweating
problems, dry mouth, dry eyes), vasomotor (extremity
coldness, Raynaud’s phenomenon), and visual (impaired
pupil response to the light, tunnel vision, double vision,
blurred vision, hypersensitivity to light) [46].

AUTONOMIC DISORDERS IN PATIENTS
WITH RHEUMATOLOGIC DISEASES

The great variability of autonomic nervous system lesions
in rheumatologic patients is most likely related to nonspecific
symptoms of dysautonomia, small statistical samples in
studies, and the lack of a unified approach to the examination
of patients with suspected autonomic dysfunction [71].
For example, in patients with rheumatoid arthritis, ANS
lesions ranges from 33 to 86% [8], and in systemic lupus
erythematosus they ranges from 9 to 90% [40, 71].

The most studied manifestation of autoimmune dysauto-
nomia is the development of cardiovascular dysfunction

[71]. The increased cardiovascular risk in patients with
rheumatologic diseases, especially rheumatoid arthritis (RA)
(mortality is more than 50%) [2, 38] and systemic lupus
erythematosus (SLE) (mortality is from 17% to 76%) [35, 51],
is not fully explained by the presence of traditional risk factors
(smoking, arterial hypertension, hypercholesterolemia, dia-
betes mellitus). The results of most studies indicate that
decreased parasympathetic activity, increased sympathetic
activity, altered heart rate variability and cardiac reflex activity
are predictors of a higher incidence of cardiovascular disease
and mortality in these patients [8].

DYSAUTONOMIA IN PATIENTS
WITH RHEUMATOID ARTHRITIS

Signs of dysautonomia in rheumatologic patients may
develop first before the onset of clinical symptoms of the
main disease. Patients with rheumatoid arthritis have the
following symptoms of autonomic imbalance: cyanosis,
peripheral vasospasm, orthostatic hypotension, or postural
tachycardia syndrome [8]. It has been suggested that
decreased parasympathetic activity may be a part of the
pathogenesis of rheumatoid arthritis [49]. It is necessary to
search for significant correlations between dysautonomia
and such characteristics as the duration of the initial
disease, its activity, and the index of structural damage in
patients with rheumatoid arthritis [71].

AUTONOMIC DISORDERS IN PATIENTS
WITH SYSTEMIC LUPUS ERYTHEMATOSUS

Autonomic nervous system dysfunction is common in
patients with systemic lupus erythematosus. Various car-
diovascular cardiovascular Ewing reflex tests (Valsalva test,
deep breathing test, orthostatic test, isometric exercise test)
are used for its evaluation. Patients with SLE had significantly
more positive tests for ANS dysfunction compared to healthy
individuals. In addition, there is evidence that autonomic
nervous system dysfunction does not correlate with clinical
neuropsychiatric manifestations or immunoserologic markers
such as antiphospholipid antibodies [70]. These data suggest
that ANS dysfunction may be common in patients with SLE
even in the absence of specific clinical manifestations,
emphasizing the importance of monitoring of autonomic
function in patients with SLE [70].

AUTONOMIC REGULATION DISORDERS IN PATIENTS
WITH MULTIPLE SCLEROSIS

Dysautonomia has been documented in 45-84% of
patients with multiple sclerosis (MS) [7, 21]. Autonomic
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dysfunction in patients with multiple sclerosis is manifes-
ted by a variety of symptoms, including cardiovascular,
genitourinary, and thermoregulatory dysfunction, sweating
disorders, and signs of sexual dysfunction [7]. Disturbance
of autonomic regulation of cardiovascular system can occur
in the absence of clinical manifestations of the main disease
[1, 6]. Both parasympathetic and sympathetic components
of the cardiovascular system are selectively affected at
different stages of multiple sclerosis [29, 50, 53, 76].
Parasympathetic dysfunction has been shown to correlate
with increasing scores on the Disability rating scale and is
more common in the late stages of the disease. In contrast,
sympathetic dysfunction is associated with an outcome of
the disease and thus may be associated with inflammatory
mechanisms in multiple sclerosis. Autonomic dysfunction
contributes to the increased fatigue felt by patients with
multiple sclerosis [30]. As the disease progresses, symptoms
of dysautonomia may increase, leading to orthostatic
intolerance, sexual dysfunction, and decreased exercise
tolerance, which are significantly affect patients’ quality of
life. Autonomic dysfunction in multiple sclerosis has been
attributed to various mechanisms: lesion of autonomic
pathways, influence of inflammatory mediators, imbalance
of neurotransmitters (acetylcholine and noradrenaline),
axonal degeneration, including demyelination of specific
structures in the central nervous system that can disrupt
ANS regulation [36, 65, 77]. Imbalance between over-
activated immune system and autonomic receptors (B- and
o-adrenergic and D1-like and D2-like dopamine re-
ceptors) on lymphocytes causes increased production of
catecholamines by lymphocytes [16, 29]. Other factors
that may be involved in autonomic dysfunction in multiple
sclerosis are Epstein-Barr virus infection and vitamin D
deficiency [10, 52].

DYSAUTONOMIA IN PATIENTS
WITH OTHER RHEUMATOLOGIC DISEASES

In systemic scleroderma (SS), increased sympathetic
activity impairs microcirculation, and impaired para-
sympathetic regulation can lead to impaired esophageal
motor function even before the manifestation of systemic
scleroderma [24]. Autonomic cardiovascular dysfunction
associated with right ventricular dysfunction [74], myocardial
blood flow dysregulation [34], and arrhythmias preceding the
development of fibrosis [17] leads to an increased morbidity
and mortality in patients with systemic scleroderma [24]. The
early stages of Sjogren’s syndrome are also characterized
by ANS dysfunction, which causes a decrease in exocrine
gland function due to impaired innervation and loss of
glandular tissue due to apoptosis [20]. Symptoms such

as gastrointestinal dysfunction, impaired sweating and
urination, in combination with other signs of peripheral
nervous system damage (sensory polyneuropathy) may
occur before the onset of dry eye and mouth syndrome and
later in the clinical stage [44, 57].

A common group of symptoms that include chronic
fatigue, widespread pain, myalgia, arthralgia, cognitive
dysfunction, and cardiovascular disorders, gastrointestinal
tract and urinary tract disorders, can be described not
only in patients with rheumatologic diseases, but also in
patients with conditions such as myalgic encephalomyelitis/
chronic fatigue syndrome, fibromyalgia (FM), breast implant
illness (BIl), and syndrome after COVID-19 [67]. It cannot
be excluded that autonomic dysfunction in these types of
pathology and rheumatologic diseases may share common
pathophysiologic autoimmune mechanisms [31, 67].

THE ROLE OF PHYSICAL EXERCISE
IN THE RECOVERY OF AUTONOMIC REGULATION
IN PATIENTS WITH RHEUMATOLOGIC PROFILE

Regular exercise can be used to rebalance the
sympathetic and peripheral nervous system.

It has been demonstrated in patients and animal models
with chronic heart disease that exercise can increase
vagus nerve modulation and decrease sympathetic tone
[32]. Achieving autonomic balance leads to improved
cardiovascular and endothelial function, normalization of
blood pressure, heart rate variability and cardiorespiratory
function with increased oxygen uptake and more efficient
redistribution of blood flow. It is generally accepted that
these changes are the main result of adaptation to regular
exercise [19]. Another important effect of exercise is the
induction of neuronal plasticity in autonomic centers of
the CNS, such as the nuclei of the vagus nerve, nuclei
of the rostral ventrolateral medulla. It has also been
shown that exercise during physical rehabilitation causes
reorganization of neurochemical connections in the brain,
provokes neurogenesis and formation of new synapses,
especially in the dentate gyrus of the hippocampus, which
improves cognitive abilities [55].

Physical exercise in patients with autoimmune diseases
has an immunomodulatory effect due to its effect on the
expression of inflammatory marker genes, changes in the
levels of hormones such as cortisol and adrenaline that
inhibit the secretion of proinflammatory cytokines (tumor
necrosis factor (TNF)-a), and decreased expression of
toll-like receptors (TLR) on monocytes [27]. Exercise also
mechanistically stimulates the promotion of immune cells
and immunoglobulins through lymphatic and peripheral
tissues, exerting a direct anti-inflammatory effect by
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enhancing the production of anti-inflammatory cytokines.
The muscle myokine IL-6 produced during exercise has a
direct anti-inflammatory effect by improving glucose and
lipid metabolism [58, 69].

Thus, physical exercise can serve as an additional therapy
to standard immunomodulatory and immunosuppressive drugs.

Exercise is especially indicated in systemic diseases
with possible impairment of self-care, as in the case of
multiple sclerosis. However, patients with multiple sclerosis
have motor impairment as a consequence of muscle
weakness, they have impaired walking mechanics, balance
problems; spasticity and fatigue complete the picture, which
reduces their adherence to regular exercise [36]. Additional
limitations are associated with worsening symptoms of
autonomic dysfunction. Patients with multiple sclerosis may
have impaired thermoregulation due to impaired sweating
[42], and this makes potentially dangerous the exercise in
hot conditions. Symptoms such as spasticity or paresis as
the disease progresses are often irreversible, preventing
patients from exercising. Moreover, these symptoms worsen
with decreased physical activity. At the same time, it is well
known that exercise alleviates conditions associated with
hypodynamia [26]. There is evidence of a positive effect of
exercise training on muscle strength in people with multiple
sclerosis. Results from randomized controlled trials have
shown that muscle strength increases after strength training
[15, 18, 22, 23, 25, 63, 75, 78], combined aerobic exercise
[48], and aquatic training [33]. Robotic mechanotherapy with
the use of exoskeleton in patients with gait disturbance in
multiple sclerosis allows to increase the speed and distance
of walking [13]. There is evidence that progressive muscle
overload training, which involves gradually increasing the
weight of sports equipment or increasing the number of
repetitions, improves lower limb muscle strength in people
with multiple sclerosis, and these improvements are limited
to the muscle groups targeted by the training [47]. Physical
exercise in MS helps to restore movement coordination,
stabilize balance, strengthen muscle tissue, eliminate
increased spasticity, and normalize muscle tone despite the
damage of the nervous system [3].

An individualized exercise program, which is recom-
mended to be included as part of rehabilitation, should be
designed taking into account the patient’s chief complaints,
strength, endurance, balance, coordination, and fatigue
[37]. It is promising to further investigate the effects of
exercise in patients with multiple sclerosis, including the
effects of physical rehabilitation on cellular processes such
as muscle protein synthesis, mitochondrial biogenesis, and
changes in muscle fiber composition, to understand how
physical activity may contribute to improving the quality of
life of people with this disease [14].

A number of studies have shown the effectiveness
of both endurance and weight training in improving the
quality of life in people with rheumatologic diseases [60,
66]. Patients with these pathological conditions are more
prone to the development of cardiovascular disease as
a result of the systemic action of inflammatory mediators
and are predisposed to metabolic changes due to ele-
vated glucocorticoid levels. Unfortunately, patients with
rheumatologic diseases have many reasons to be physically
inactive. Chronic pain syndrome, joint swelling and
deformity, limited spinal mobility, muscle weakness, fatigue,
and skin rashes all contribute to patients’ low adherence to
an active lifestyle.

Regular physical activity is safe and well tolerated by
most patients with rheumatologic diseases such as systemic
lupus erythematosus, rheumatoid arthritis, systemic sclero-
derma, and Sjogren’s syndrome [59, 66, 72]. However,
there are groups of patients, predominantly with cardiac and
pulmonary lesions, in whom exercise may not result in clear
beneficial effects [66]. Antonioli et al. [9], who studied a
group of patients with systemic scleroderma, demonstrated
that exercise is useful in improving exercise tolerance by
reducing the HR and dyspnea scores. Endurance and
weight-bearing exercises significantly improve performance
(e.g., walking time in the Cooper test) and reduce fatigue in
patients with rheumatic diseases [41].

It is interesting that a recent meta-analysis of home-
based exercise programs as part of the treatment plan for
patients with rheumatologic diseases showed that physical
activity significantly improves quality of life (p <0.01),
increases functional capacity (p=0.04), reduces disease
activity (p=0.03), and decreases subjective feelings of
pain (p=0.01) compared to patients who do not perform
any physical activity. Moreover, it has been concluded
that the use of home exercise programs is as effective as
exercise programs in a medical institution [68]. It is known
that for patients with SLE and Sjégren’s syndrome, fatigue
is essentially a disabling symptom. A low-intensity exercise
program is able to cause a subjective reduction in the
feeling of fatigue in Sjogren’s syndrome [73] and in patients
with SLE [11].

Evaluation of physical activity and fatigue in patients
with rheumatoid arthritis has shown that patients with a high
level of daily physical activity have less fatigue. The authors
noted that patients complain of increased pain and fatigue
at the beginning of exercise and that symptoms decreases
with continued physical activity [64].

Hypodynamia in patients with rheumatic diseases is
extremely harmful both physically (decreased muscle
strength, increased muscle stiffness, worsening of the
condition) and psychologically (a fear of movement, depres-
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sion, loss of self-confidence). Itis necessary to offer patients
adapted aerobic exercises with moderate intensity, which
can be gradually increased as the condition improves [56].

CONCLUSION

WUcTouHuk chmHaHcupoBaHmA. ABTOpbI 3asBnstOT 06
OTCYTCTBMM BHELIHEr0 (PUHAHCMPOBAHUS NPU NPOBEAEHUM
ncecnefoBaHus.
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Bknag aBTOpOB. BCce aBTOPbI BHECIU CYLLECTBEHHDIN
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Abstract. Chronic limb threatening ischemia (CLTI) is a syndrome of chronic obliterating diseases of peripheral arteries,
different in etiology and pathogenesis. Diseases caused by degenerative damage to the arterial bed can lead to CLTI,
causing aneurysm and long chronic occlusions. Such diseases include: Marfan syndrome, Ehlers—Danlos, Erdheim tumor,
neurofibromatosis, fibrotic dysplasia. Multiple vasculitis are found in systemic vasculitis and connective tissue diseases.
The most common cause of CLTI is atherosclerosis and vascular complications associated with diabetes mellitus. In
the vast majority of cases (75-80%), atherosclerosis is the pathogenetic mechanism leading to the development of
chronic obliterating diseases of the lower limb arteries. All these diseases lead to a significant reduction of perfusion
blood flow at the level of microcirculation, causing severe metabolic disorders. Over time, the rheological properties of
the blood are impaired, contributing to the progression of tissue ischemia. With CLTI, many of the body’s compensatory
capabilities have been exhausted, but conducting revascularization of the lower limb is still possible.

Keywords: atherosclerosis, chronic limb threatening ischemia, revascularization, hybrid approach, epidemiology,
diagnostics
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Pestome. XpoHuyeckas nwemus, yrpoxatowas notepen koneyHoctu (XMYTK), — 310 CUHLPOM XPOHUYECKMX
obnutepupyrowwmx 3abonesaHuin nepudepuyecknx apTepuin, pasnuyHbix N0 3TUONOTUK 1 naToreHedy. 3abonesa-
HUS, Bbl3BaHHbIE JereHepaTUBHbLIM NOPaXeHnem apTepuanbHoro pycna, Mmoryt npusoaunts k XMYTIK, Bbi3biBas
aHeBpU3Mbl 1 ANUTENbHbIE XPOHWYECKMe OKKNo3umn. K Takum 3abonesanusm otHocatcs: Cungpom Mapdana,
Onepca-[laHno, onyxonb Jparema, HenpoudbpomaTos, GubposHas gucnnasus. MHOXECTBEHHbIE BACKYUTLI
BCTPEYaOTCS NPU CUCTEMHbIX BacKynuTax u 3abonesaHusx coeguHUTENbHON TkaHu. B noaasnstowem bonblwnHeTee
cnyyaes (75-80%) naToreHeTMYECKUM MEXaHU3MOM, MPUBOASLLMM K Pa3BUTUI0 XPOHUYECKNX 0BIMTEPUPYIOLLNX
3aboneBaHnin apTepun HUKXHUX koHeuHocTen n XUYTIK, 9BnstoTca atepocknepos 1 COCYyANCTbIe OCNOXHEHNS,
CBSI3aHHble C caxapHbIM anabeTom. Bee 9T 3aboneBaHns NpUBOAAT K 3HAYNTENBHOMY CHUXEHWIO Nepdy3noH-
HOTO KPOBOTOKA Ha YPOBHE MUKPOLMPKYNALWUK, BbI3biBas Taxernble MeTabonuyeckue Hapylwenus. Co BpeMeHeM
HapyLLaKTCa peonormyeckme CBOMCTBA KPOBM, CMOCOOCTBYS MPOrpeccnpoBaHuio nwemmumn TkaHen. Mpu XUYTK
MHOTe KOMNEHCATOPHbLIE BO3MOXHOCTI OpraHn3ma yxe ucyepnaHbl, HO NPOBEAEHNE peBacKynsapu3aLnm HUKXHeN
KOHEYHOCTY BCE eLle BO3MOXHO.

KntoueBble cnosa: aTtepocknepos, XxpoHn4eckad nemna, yrpoxarwiaa n0Tepe|7| KOHEYHOCTK, peBacKyndapusauma,

FI/I6pI/I£leIl71 nogxon, annaeMmunonoruna, ouarHoCcTunka

CONCEPT OF THE TERM “CHRONIC
LIMB THREATENING ISCHEMIA”

The famous scientist P.R. Bell first introduced the con-
cept of the word combination “critical lower limb ischemia
or chronic limb threatening ischemia” into medical termino-
logy in 1982. It was intended to designate patients with oc-
clusive lesions of lower limb arteries, which are manifested
by: pain at rest, trophic defects and the threat of lower limb
gangrene [8]. In 1992, at the Second European Consensus
on Chronic Critical Ischemia of the Lower Extremities, the
definition of critical ischemia includes such concepts as: the
presence of constant or recurrent pain in the lower extremi-
ties at rest, requiring analgesia with narcotic analgesics and
existing for more than two weeks [26].

The syndrome of decompensated chronic arterial insuf-
ficiency of the limb, occurs against the background of re-
duced hemodynamic indices:

+ ankle blood pressure indices 50-70 mm Hg;
* indexes of finger arterial pressure 30-50 mm Hg;
+ transcutaneous oxygen tension values 30-50 mm Hg.

In recent decades, the term “CLTI” has become more
widely used, which, in addition to focusing on hemodynamic
parameters of the distal part of the lower extremity, includes
other factors that negatively affect the healing of the trophic
defect. Such factors include indicators as: the depth of the
trophic defect, the presence and degree of its infection, the
general morbid background of the patient. With the increasing
incidence of diabetes mellitus and the impossibility to focus
solely on hemodynamic parameters of the distal limb chan-
nel, it became necessary to develop a new classification of
CLTI [4]. The new WIFI classification of lower extremity criti-

cal conditions meeting these criteria has been proposed for
use in patients with and without diabetes mellitus. This clas-
sification takes into account the degree of ischemia, wound
depth, peripheral blood supply, presence and severity of the
infectious process in the trophic defect. Using this classifica-
tion, it is possible to analyze the condition of the limb, esti-
mate the expected benefit from the proposed revasculariza-
tion of the lower limb, and predict the risk of major amputation
[42]. Lack of CLTI treatment leads to the disability of patients
due to the high risk of lower limb amputation. To date, the
treatment of CLTI still remains one of the main problems in
modern vascular surgery, as there is still a high risk of lower
limb amputation and high mortality of patients after it. CLTl is
a terminal stage of chronic arterial insufficiency of the lower
extremities, in which the combined state of microcirculation
of the lower extremities, namely, reduced perfusion of the
foot tissues, will not allow to achieve adequate repair of the
trophic defect without limb revascularization.

EPIDEMIOLOGY OF CHRONIC LIMB
THREATENING ISCHEMIA

The incidence of chronic limb threatening ischemia or
critical lower limb ischemia varies from 50 to 100 cases per
100,000 population in European and US populations [69]. The
prognosis in CLTI patients remains extremely unfavorable.
According to the TASC document when comparing the results
of treatment of patients with CLTI are comparable to the re-
sults of treatment of patients with severe oncologic diseases.
Only in half of cases patients diagnosed with CLTI undergo
limb revascularization, 25% undergo a course of conservative
therapy, and the remaining 25% undergo primary amputation.
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In the absence of adequate treatment within 5 years, only
30% of patients with CLTI manage to preserve the limb, 52%
of patients undergo amputation, and the remaining 18% of
patients die from complications associated with CLTI progres-
sion. Publications in domestic and foreign literature indicate
that the percentage of amputations in patients with CLTI is
still quite high [1, 70, 71, 79]. With the advent of high-tech me-
thods of endovascular reconstruction, the overall amputation
rate is significantly decreasing due to the possibility of suc-
cessful revascularization of the tibial segment [31]. Despite
the active development of reconstructive vascular surgery, up
to 500 lower limb amputations per 1 million population are
performed annually. The share of all performed amputations
on CLTI reaches 90%. In Russia about 300 amputations per
1 million population are performed annually due to the pre-
sence of CLTl in a patient. In Finland and the USA this figure
is 120 and 280 respectively [1, 2, 25]. According to different
literature data, 25% of patients die within one month after
high amputation of the lower limb. In 2 years after high am-
putation the mortality rate varies from 25 to 60%. The morta-
lity rate within 5 years after high lower extremity amputation
ranges from 50 to 70%. After 10 years, this figure reaches
90% [7, 40, 70]. Such high figures of mortality after high am-
putation are associated with the presence of concomitant pa-
thology, as well as caused by: advanced age, multifocal cha-
racter of atherosclerosis lesion with involvement of coronary
and carotid basins and manifestation of its complications in
the form of metabolic disorders and nutritional status, due to
decompensated limb ischemia and endogenous intoxication,
as well as the traumatic nature of the operation. Among the
main causes of death after amputation: acute cardiovascular
insufficiency (50-66.4%), purulent and septic complications
(11-34.1%), and acute cerebral circulatory failure (3.6%) are
in the first place [32, 79].

PATHOGENESIS OF CHRONIC LIMB
THREATENING ISCHEMIA

CLTI is a syndrome of chronic obliterative diseases of
peripheral arteries, different in etiology and pathogenesis
[72]. Diseases caused by degenerative lesions of the arterial
bed can lead to CLTI, being the cause of aneurysms and dis-
sections. Such diseases include Marfan syndrome, Ehlers—
Danlos syndrome, Erdheim’s tumor, neurofibromatosis, fibro-
muscular dysplasia. Multiple vascular lesions are noted in
systemic vasculitis and connective tissue diseases [73]. The
most frequent cause of CLTI development is atherosclerosis
and vascular complications associated with the presence of
diabetes mellitus. In the vast majority of cases (75-80%),
atherosclerosis is the pathogenetic mechanism leading to the
development of chronic obliterative diseases of lower limb ar-

teries [73]. All these diseases lead to a significant decrease in
perfusion blood flow at the level of microcirculation, causing
severe metabolic disorders. Over time, the rheological pro-
perties of blood are disturbed, contributing to the progression
of tissue ischemia [73]. In CLTI, many compensatory capabili-
ties of the organism are exhausted, but revascularization of
the lower limb is still possible [74].

DIAGNOSTIC METHODS OF CHRONIC LIMB
THREATENING ISCHEMIA

Ankle-brachial index

Ankle brachial index (ABI) is a non-invasive and simple
method for the diagnosis of peripheral arterial disease. The
sensitivity of the ABI in the presence of CLTI ranges from 80%
to 95% in patients without DM. In patients with DM this indica-
tor varies between 50-71%. The specificity of ABI in detecting
CLTl in patients without diabetes ranges from 95 to 100%. In
the presence of DM, the specificity of ABI is 30-96% [34].
The value of ABI up to 0.7 indicates circulatory compensa-
tion, the range of ABI from 0.7 to 0.4 indicates circulatory sub
compensation. In the presence of ABI less than 0.4 blood cir-
culation of the lower leg in the decompensation stage (CLTI).
The correlation of the degree of severity of chronic limb ische-
mia depending on the index of ABI according to the national
recommendations for the management of patients with vas-
cular arterial pathology was used. CLTI | — ankle brachial
index 20.9; lla — resting ABI 0.7-0.9; Il b — resting ABI less
than 0.7-0.9; Ill — resting ankle pressure <50 mm Hg; IV —
resting ankle pressure <50 mm Hg. False-positive result of
ABI is observed in patients suffering from long-term diabetes
mellitus, terminal stage of renal failure due to pronounced
development of media calcinosis of arterial wall [13, 62]. In
case of elevated ABI (more than 1.4) and ABI is considered
uninformative, other non-invasive methods of measuring pe-
ripheral hemodynamics are used. Finger-brachial index (FBI)
is an informative method of diagnosing CLTI in patients with
the presence of DM or terminal renal failure. Normally, the
FBI is greater than 0.75. FBI less than 0.25 corresponds to
severe CLTI [15, 62].

Duplex or Triplex scanning of vessels

Duplex or Triplex scanning is one of the highly accurate,
noninvasive methods of diagnostics of vascular pathology,
both in venous and arterial basins. Triplex vascular scan-
ning includes 3 main ultrasound modes [63]:

« Normal mode is carried out to assess the structure of
vessels, vascular walls and the degree of their tortuosity,
which is especially important to consider for making
the correct diagnosis and in preparation for various
operations.

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM 9 N3 2024

eISSN 2658-6576




96

REVIEWS

+ Dopplerography — the study of the speed and direction
of blood flow in the vessels, as well as its basic digital
characteristics.

+ Color Doppler mapping — helps to assess the patency
of vessels, to detect the presence of thrombosis and
atherosclerotic plaques, narrowing the vessel lumen, due
to the sensitivity to slow flows improves differentiation be-
tween severe stenosis and occlusion, and also allows
visualizing small vessels not distinguishable in B-mode [75].
The limitation in the use of duplex scanning is the dif-

ficulty of visualization and assessment of the lumen of

calcified arteries. Difficulty in visualization of iliac arteries,
provided there is gas in the intestine. Difficulty in visualiza-
tion of collateral blood flow and reduced visualization of the
affected arteries of the lower leg, especially the peroneal
artery [21, 76].

Laser Doppler flowmetry

The leading link in the pathogenesis of CLTI is microcir-
culatory disorders. Laser Doppler flowmetry (LDF) allows to
evaluate the state of microcirculatory channel [9]. The LDF
method is based on optical noninvasive probing of tissues
with laser radiation and analysis of scattered and reflected
radiation from erythrocytes moving in tissues. The use of LDF
provides a deeper understanding of the pathogenesis of mi-
crocirculation disorders and allows, along with early diagno-
sis, to conduct objective control over therapeutic measures
by analyzing the results in dynamics [24]. The absence of
absolute contraindications to LDF and a wide range of indi-
cations for its use to assess both systemic and local state
of microcirculation allows using this noninvasive diagnostic
method in patients with severe somatic diseases [9].

Spiral computed tomography

Good visualization of the localization level and extent of
the pathological process in the arteries of the lower limbs
is necessary to determine the nature and scope of surgical
treatment. Modern CT scanners in diagnostics of the aorto-
iliac segment have high sensitivity — 96% and specificity —
98%. When assessing the femoral-popliteal, femoral-tibial
segments, these indicators are 97 and 94%, respectively. In
assessing the state of the more distal channel, the sensitiv-
ity of the method is 95%, specificity 91% [67]. The sensiti-
vity and specificity of this method are comparable to the in-
vasive diagnostic method — selective angiography of lower
limb arteries [3].

Application of multidetector CT angiography technique,
has a number of advantages over traditional contrast angio-
graphy. One of the significant advantages of this method is
the possibility to perform it at the outpatient stage. Spiral
CT angiography allows visualization of arteries in several

planes, creating volumetric images [49]. SCT angiography
can be performed in patients who have had a pacemaker
installed. CT angiography clearly visualizes calcium and im-
planted stents within the artery. With CT angiography, it is
possible to visualize the tissues around the vessel, which al-
lows the detection of arterial compression from the outside
by a tumor, lymph nodes, cyst, or aneurysm [52]. Allergic re-
action to iodine-containing contrast agents and renal insuf-
ficiency of the patient are the limitations of CT angiography.

Magnetic resonance imaging

Magnetic resonance angiography (MRA), being a non-
invasive study with absence of nephrotoxic effects of mag-
netic resonance contrast agents and radiation exposure,
provides an opportunity for objective assessment of peri-
pheral vessels [48]. However, in case of multilevel athero-
sclerotic lesions of lower limb arteries, adequate visualiza-
tion of the affected segment is performed using special con-
trast agents - paramagnetic [48, 55]. The advantage of this
method is simultaneous visualization of soft tissues, which
is necessary in assessing the prevalence of necrotic lesion
in the presence of trophic defect [75]. Despite the fact that
MRA has high specificity and sensitivity (93-100%), being
a promising technique, it also has a number of disadvan-
tages. In the presence of hemodynamic disturbances and
turbulent blood flows, the degree of stenosis may be over-
estimated. Limitation of MRA use in the presence of stented
arteries of the lower limbs, as stents may be accompanied
by artifacts, simulating vessel occlusion. It is impossible to
perform MRA in patients with pacemakers, as well as in pa-
tients with clipped cerebral aneurysms, presence of metal
structures. In patients with elevated creatinine, magnetic
resonance angiography with gadolinium contrast in rare
cases may cause toxic effects on the kidneys. MRA poorly
visualizes arterial calcinosis, which may significantly limit its
use in planning for vascular anastomosis [48, 57, 64].

Peripheral arteriography of the lower limbs

Peripheral angiography of lower limb arteries belongs
to the invasive method of investigation and is a necessary
method of investigation in case a patient is planned to un-
dergo revascularization of lower limb arteries [5, 18]. Due
to the intensive development and increasing informativity
of noninvasive methods of investigation, peripheral arterio-
graphy is no longer the “gold standard” in the diagnosis of
lower limb peripheral arterial diseases and is performed as
a diagnostic procedure less and less frequently [5, 19]. An-
giography allows to determine the localization and extent
of the pathological process, assess the state of the arterial
or venous channel, visualize and evaluate the state of col-
lateral circulation. Angiography of lower limb arteries is of-
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ten used to visualize congenital vascular anomalies. Angio-
graphy allows visualization of stented arteries of the lower
extremities without artifacts or image distortion.

There are no absolute contraindications to angiography
of the lower limb arteries; relative contraindications include:
acute renal or hepatic insufficiency, allergy to iodine prepa-
rations, acute stages of specific diseases (tuberculosis, viral
hepatitis B and C) [20, 73].

Transcutaneous oximetry

Transcutaneous oximetry (TcPO,) is a simple and non-
invasive way to assess the microcirculation. Transcutane-
ous oximetry is monitored using a Clark electrode placed
on the skin and heated. It determines the level of tissue
oxygen saturation, thereby reflecting the state of microcircu-
lation [77]. Although there are some known drawbacks, this
method is the “gold standard” in assessing tissue perfusion
in the presence of CLTI [70]. TcPO, is used for amputation
risk stratification, and assessment of distal perfusion with
TcPO, is recommended for use in patients with CLTI and
DM. Some conditions limit the use of TcPO,. Indications are
distorted in the presence of: elevated body temperature,
peripheral edema, widespread inflammation, cutaneous hy-
perkeratosis, and obesity [3].

TREATMENT METHODS
FOR CHRONIC LOWER LIMB ISCHEMIA

Treatment of chronic critical lower limb ischemia is cur-
rently one of the unsolved problems in vascular surgery. Quite
often the use of surgical method of treatment in the presence
of severe concomitant pathology is not possible. Despite the
achievements of modern pharmacotherapy, many existing
drugs in the treatment of critical ischemia of the lower limbs
are ineffective. In this regard, the search for new approaches
to the solution of this problem is underway. The latest phar-
macological breakthrough was the introduction of methods
of angiogenesis stimulation in the affected limbs based on
the possibilities of genetically engineered technology. The
mechanism of action of the drug is aimed at stimulation of
capillary growth and development of microcirculatory channel
in ischemic tissues [29, 30, 46]. When determining the possi-
bility of using genetically engineered method of angiogenesis
stimulation in clinical practice, it turned out that the most ef-
fective use of this technology was noted in patients with CLTI
of llb-l stages according to Fonteyn-Pokrovsky classifica-
tion. Taking into account the low efficacy of conservative the-
rapy, when determining the therapeutic tactics in patients with
CLTI, it is necessary, first of all, to decide on the possibility of
reconstructive surgery on vessels. Surgical treatment aimed
at revascularization of the lower limb is the optimal method of

treatment of ischemic syndrome caused by severe morpho-
functional changes in the arterial bed. Surgical treatment
can be performed in all patients with CLTI in the presence of
appropriate indications and absence of contraindications to
intervention. Maximum restoration of blood circulation in the
lower extremities is possible only by using direct revasculari-
zation: endovascular revascularization, open surgery, hybrid
reconstruction [45, 47, 74].

Endovascular surgery — remains a young direction in
modern vascular surgery and is increasingly used in the
treatment of obliterative diseases of the arteries of the
lower extremities. Balloon angioplasty and stenting of lower
limb arteries are the most common endovascular interven-
tions for pathology of lower limb arteries, allowing to restore
blood flow through vessels without open surgery. Over the
last decade, endovascular methods of revascularization of
lower limb arteries have been rapidly improved, so in a sig-
nificant number of patients they are used as a less invasive
treatment for lower limb arterial disease [39, 51, 74].

For many years, open surgery was considered the “gold
standard” treatment for patients with clinical presentation of
CLTI. With the advent of endovascular surgery, these two
methods were constantly opposed to each other [59].

Recently, however, there have been more and more reports
about the desire to find the best treatment options for patients
with CLTI, which has led to the merging of these areas [74].

In case of multilevel lesions of lower limb arteries, com-
bined operations consisting in the simultaneous use of open
arterial reconstructive surgeries with endovascular proce-
dures (stenting, balloon angioplasty, etc.) have been per-
formed more often [33, 78-80].

The first data on the use of open and endovascular sur-
gery in a patient with critical lower limb ischemia were pub-
lished in 1973 by J. Porter, who reported on balloon angio-
plasty of the iliac artery with simultaneous femoral-femoral
cross-over bypass [54].

At present, hybrid surgery is a rather promising direction
in the treatment of CLTI and accounts for 5 to 21% of lower
extremity arterial vessel surgeries in foreign clinics [16, 22, 23].

Some authors mean hybrid surgery as a combined one-
stage intervention combining open and endovascular stages
within one operating room, while others suggest that these
interventions can be separated in time by minutes, hours, or
even days [6, 12, 50, 66, 74, 78-80].

There is an opinion that when endovascular and “open”
techniques are combined in a single patient, the risk of
restenosis and reconstruction occlusions in the distant
postoperative period, is much higher than after performing
standard open surgery [74, 80].

Hybrid surgery should be used for patients with high sur-
gical risk, with severe concomitant pathology in multilevel
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atherosclerotic lesions, but it should be taken into account
that in the presence of stage IV limb ischemia, diabetes
mellitus, and chronic renal failure, it can negatively affect
the remote patency of the reconstruction zones [37, 68, 78].

Considering the fact that the development of critical
ischemia in one third of cases is associated with multilevel
atherosclerotic lesions of the arterial channel of the lower
extremities and the lack of randomized clinical trials in this
area is of scientific interest [17, 74, 78, 80]. The accumula-
ted experience of open bypass surgeries, hybrid reconstruc-
tions, and endovascular techniques for the treatment of pa-
tients with critical ischemia over many years demonstrate
positive results. The existing studies comparing the advan-
tages and disadvantages of open, endovascular and hybrid
operations in critical ischemia do not consider separately
patients with previously performed stenting of lower limb
arteries in the clinical picture of critical lower limb ischemia
due to disease progression.

CURRENT RANDOMIZED TRIALS INVESTIGATING
THE TREATMENT OF PATIENTS WITH CLTI

BASIL is the only randomized controlled trial to date
comparing the results of surgical lower extremity arterial
reconstruction with those of endovascular revascularization
of the lower extremity arteries, in patients with critical lower
extremity ischemia. In their original 2005 publication, the
BASIL investigators reported that the main clinical outcomes
(overall survival and amputation-free survival) at 2 years did
not differ between groups. However, after 2 years, open
bypass surgery appeared to be advantageous, prompting
the continuation of the study [10]. The final analysis of the
BASIL results now suggests that patients who initially un-
derwent endovascular interventions have a much worse
outcome in the late postoperative period than patients
initially treated surgically. Quality of life scores and costs
were not significantly different overall. There are many con-
troversies surrounding the BASIL trial and its interpretation.
These include the choice of study population, the endpoints
considered, and the nature of the procedures performed.
The BASIL trial confirms the primacy of open surgical by-
pass with autovenous for the majority of patients with criti-
cal lower extremity ischemia and raises questions about the
consequences of failed endovascular interventions. Com-
plications during hybrid operations range from 2-6.5% and
are typical complications for endovascular and open inter-
ventions [44]. Further multicenter studies are needed to ad-
dress the large evidence gap for treatment selection in this
patient population [14].

BASIL-2 is a multicenter prospective randomized study
including patients with critical lower extremity ischemia. The

aim of the study was to evaluate the economic and clinical
efficacy of treatment of endovascular and femoral-popliteal
bypass below the knee joint target with autovenous in pa-
tients with critical lower limb ischemia with localization of
the lesion at the level and below the popliteal artery. Of-
ficial recruitment of centers included in the study has been
started since July 2014. In total, 600 patients are planned
to be included in the study, with a follow-up time of 3 years.
As of November 01, 2017, a total of 40 clinical centers are
open for participation in the Basil-2 study; 29 in England,
5 in Scotland, 2 in Wales, 3 in Denmark and 1 in Sweden.
Thirty-nine of the 40 clinical centers have cumulatively re-
cruited 249 participants [11, 53].

BASIL-3 is a multicenter randomized controlled trial.
Comparing the clinical and cost-effectiveness of simple bal-
loon angioplasty with or without metallic stenting, drug-coated
balloon angioplasty with or without bare metal stenting, and
primary stenting with drug-coated stents secondary to the
femoral-popliteal segment. Patients with multilevel athero-
sclerotic lesions of the lower extremity arteries may receive
aorto-iliac and/or popliteal-tibial revascularization at the same
time as their randomized femoral-popliteal intervention. The
primary clinical outcome is amputation-free survival. The
primary outcome in the economic analysis is cost per year.
Secondary outcome measures include overall survival, major
adverse limb events, major adverse cardiac events, ischemic
pain relief, trophic defect healing, and quality of life. The re-
quired sample size was calculated for 861 participants (287 at
each shoulder). These patients will be recruited over 3 years
and followed up for 2 to 5 years [11, 35].

BEST-CLI is a prospective, multicenter, randomized, open
comparative study. The primary objective of the study is to
compare the efficacy, functional outcomes, and cost of treat-
ment in patients with infrainguinal lesions of lower extremity
arteries and the presence of critical lower extremity ischemia
who underwent open surgical treatment or endovascular
revascularization [27]. The study includes 2100 patients at
140 medical sites in the United States and Canada who are
candidates for both revascularization options. This is a 4-year
study, ongoing from 2014-2017, with each patient being fol-
lowed for a minimum of 2 years after treatment [56, 58].

Critical lower extremity ischemia continues to represent
a huge public health problem in the developed world. The
BEST-CLI study is a timely and necessary study to help
identify best practices and provide a framework for thought-
ful application of current and future treatment options for
critical lower extremity ischemia [28, 41, 43].

Currently, there is no consensus on the prioritized me-
thod of surgical treatment for patients with critical lower ex-
tremity ischemia. For a long time, open arterial operations
remained the “gold standard” in the treatment of CLTI. Since
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the advent of endovascular surgery, many positions in the
treatment of CLTI began to be reconsidered. Despite the
variety of existing methods of surgical treatment, none of
them is without disadvantages.

Recently, there has been a rapid increase in the use of
minimally invasive technology in revascularization of lower
limb arteries in patients with CLTI [38, 74, 78, 80-87]. Re-
peated surgical interventions on arterial segments are usually
technically much more difficult and traumatic [36, 60, 61, 65].

It follows that the problem of choosing the optimal and
hybrid surgical tactics for treatment of patients with critical
lower limb ischemia or chronic limb threatening ischemia in
the presence of extended occlusion of the SFA and lesions
of the lower leg arteries is relevant and of scientific and
practical interest.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a sub-
stantial contribution to the conception of the work, acquisition,
analysis, interpretation of data for the work, drafting and
revising the work, final approval of the version to be published
and agree to be accountable for all aspects of the work.

Competing interests. The authors declare that they
have no competing interests.

Funding source. This study was not supported by any
external sources of funding.

AOMNOJIHUTENIbHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOPbl BHEC/M CYLIECTBEHHbIN
BKNag B pa3paboTky KOHLEeNnuuu, npoBeaeHne 1 NoAroTos-
Ky cTaTb, NpoYnu 1 ogobpunn GrHanbHyt Bepcuio nepes
nybnukayyen.

KoHnukT mHTepecoB. ABTOpbI [EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHLMaNbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybriMkaumen HacTosLEN CTaTby.

WUcTouHuk domHaHcpoBaHus. ABTOPbI 3asBnst0T 06 OT-
CYTCTBWW BHELLUHEro (PUHAHCMPOBaHUS MpU NPOBEOEHNN pa-
Borty.
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Abstract. Mechanical burn shock caused by extensive burn injury and prolonged compartment syndrome is a complex
and multifaceted problem. A number of pathological processes, such as severe pain, plasma loss, hypovolemia,
disseminated intravascular coagulation syndrome, systemic hypoxia, electrolyte imbalance, reperfusion tissue damage,
endotoxicosis, and metabolic disorders determine the severity of the pathology in patients with combined trauma.
Despite the variety of methods of pathogenetic treatment of mechanical burn shock, mortality among this group of
patients still remains at a high level. In accordance with this, the question of a more detailed study of the pathogenesis
and improvement of methods of pathogenetic treatment of mechanical burn shock remains relevant.

Keywords: mechanical burn shock, skin burns, prolonged compression syndrome, pathogenesis of shock
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©oneBoi CUHAPOM, NIAa3MONOTEPS, TMNOBONEMUS, CUHLPOM AUCCEMUHUPOBAHHOTO BHYTPUCOCYANCTOMO CBEPTLIBAHMS,
CUCTEMHas MMNOKCHS, PACCTPOCTBO ANEKTPONUTHOMO 6anaHca, penepdy3noHHOE NOBPEXAEHUE TKAHE, 3HAOTOKCHKO3,
06MeHHbIEe HapyLLeHusi, 00YCMOBMBAIOT THXECTb TEYEHUS NATONOMNMN y NALMEHTOB C KOMGUHUPOBAHHOI TPABMOIA.
HecmoTps Ha pasHoobpa3sne cnocoboB NaTOreHeTUYECKOro NeYeHUst MEXaHOo-0XO0roBOro LLOKa, NeTarnbHOCTb CPean
3TOV rpynMbl 6ONbHBIX NO-NPEXHEMY 0CTaETCS Ha BbICOKOM YpOBHE. B COOTBETCTBUM C 3TUM aKTyasbHbIM OCTaeTCS
BOMpOC 0 Gornee JeTanbHOM U3yYeHUn naToreHesa 1 YCOBEPLIEHCTBOBAHUM METOA0B NATOreHETUYECKOTO NEeYeHUs

MEXaHO-0X0roBoro Loka.

KntoueBble cnoBa: MexaHO-0XOr0BbIN LLOK, 0OXOr KOXK, CUHAPOM ANNTENTBHOTO CAaBJIEHNA, NATOreHe3 WoKa

INTRODUCTION

Skin burns occupy the third place among all traumas
in the Russian Federation [21]. Despite the high level of
health care development, even in some European Union
countries the incidence of burn injuries reaches 295 cases
per 100,000 population [39]. Annual reports of the Ministry
of Health of the Russian Federation state that burn lesions
were detected in 220-240 victims in the period 2021-2022,
among whom the mortality rate was 6.9-7.3% [33]. Over
the last two decades (from 2003 to 2020), the main causes
of burns are household injuries — 92%, while industrial
injuries account for 8% [13]. Such indicators are primarily
associated with the active industrialization of society and an
increase in the standard of living.

The main causes of mass burn traumatism are natural
and man-made disasters, hostilities, and industrial
emergencies [5]. All of the above events increase the risk
of not only temperature exposure but also mechanical
exposure, which, in turn, may be the cause of the
development of long compression syndrome (LSS) [46].
Prolonged compression syndrome is a life-threatening
condition resulting from prolonged compression of a body
part and its subsequent release, causing a state of shock
[37]. Long-term compression syndrome was first described
by E. Bywaters in 1941 during World War II. The author
analyzed the experience of treating patients affected by
massive bombardment [43]. In the following decades,
no emergency event in large cities passed without the
syndrome of prolonged compression.

The pathogenesis of prolonged compression syndrome
is based on ischemic intoxication that develops during
decompression. Toxins and products of cytolysis enter the
organism from the long-term compressed (ischemic) tissues
in the mode of normo- or hypoperfusion [42]. Toxins, in turn,
increase the permeability of microcirculatory blood vessel
walls, causing plasma effusion into the intercellular space,
increasing edema of the injured limb and worsening blood
rheology. In addition, an important link in the pathogenesis
is pain, especially in the case of limb injury, rich in a large

number of nerve endings in the skin, skeletal muscle and
periosteum. As a result of complex effects of pain syndrome,
toxic lesion, psychological and emotional state, traumatic
shock may develop [34].

Due to the steadily increasing process of urbanization
and industrialization of society, burn injuries and prolonged
compression syndrome are always present in any natural
and man-made disasters, and they are closely intertwined
with each other. The search for methods to improve the
provision of medical care in these conditions is an urgent
issue of modern health care.

To optimize the treatment of patients with long com-
pression syndrome in extensive burns, it is important to
consider the pathophysiological aspects of this problem.
The main cause of severe course and/or lethal outcome due
to long compression syndrome with burns is shock. Shock
is a state of the organism characterized by a complex of
pathological shifts leading to hypoperfusion of organs with
the development of subsequent cellular dysfunction [1].
The main pathogenetic factors of shock in these conditions
include intoxication, metabolic disorders, hypovolemia,
plasma loss, severe pain, cardiac and central nervous
system dysfunction [1, 2].

Specialized literature devoted whole sections to the
peculiarities of the course and causes of mechanical
and burn shock on the background of long compression
syndrome [19]. The main cause of unfavorable outcomes
in combined lesions is the rapid depletion of homeostasis
mechanisms [14]. The pathogenesis of long compression
syndrome is characterized by endotoxemia by products of
ischemia, tissue decay and reperfusion, the consequence
of which is the development of toxic damage to the kidneys,
heart and liver.

When a patient suffers from the syndrome of prolonged
compression and extensive burns at the same time, a
general reaction of the body is formed, which is accompanied
by a peculiar clinical picture of mechanical-burn shock [31].
The mechanism of development of such shock is primarily
associated with the loss of plasma, including proteins and
electrolytes. These patients have systemic disorders due
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to hypovolemia, hemoconcentration, increase in peripheral
resistance and rheologic disorders in the first hours after
injury [45]. These pathological processes are accompanied
by a characteristic clinical picture in the form of increased
heart rate, decreased stroke volume, and coronary blood
flow disorders [8, 45]. In addition to toxic kidney damage
by myoglobin due to the development of long compression
syndrome, hypocirculation and hypercoagulability with
subsequent oligo- or anuria develop under the influence of
hemolysis products and tissue necrosis [40].

Generalized hypoxia is one of the leading causes of
irreversibility of mechanical and traumatic shock [11]. The
term “hypoxia” is understood as oxygen starvation arising
from insufficient supply of oxygen to the tissues of the body
or disruption of its utilization in the processes of biological
oxidation. Hypoxia is a secondary phenomenon arising in
the long compression syndrome and often has a significant
impact on the outcome of burns, as it increases the existing
oxygen deficiency [30].

Mechanical traumatic shock is caused by the syndrome
of prolonged compression and extensive deep burns, the
concentration of catecholomines in the blood increases
5-7 times, which leads to centralization of blood circulation
and redistribution of blood to internal organs [17]. As a result,
there is even greater ischemia of the burn area, which, in
turn, leads to the formation of zones of secondary necrosis,
even in areas where the initial burn was borderline [24].

Thus, a whole range of severe pathological processes
such as pronounced pain syndrome, plasma loss, hypo-
volemia, disseminated intravascular coagulation syndrome,
systemic hypoxia, electrolyte balance disorder, reperfusion
tissue damage, intoxication, metabolic disorders are
realized in the development of mechanical burn shock
against the background of burn injury and long compression
syndrome. All these pathological processes inevitably lead
to multiorgan failure and septic course of traumatic disease
in this category of patients.

The main cause of lethal outcomes in this type of
shock is the development of multiorgan failure. Therefore,
it is necessary to improve the methods of infusion therapy
of extensive burns combined with the syndrome of
prolonged compression. There are many scientific works
in the modern literature, which describe the features of
infusion therapy in shock, aimed at different links of the
pathological process.

Based on well-known literature data, the conventional
boundary of mechanical and burn shock reversibility
is widespread blood stasis in metabolic capillaries. Its
prevention is the main goal of antishock therapy [9]. The
task of infusion therapy in mechanical and burn shock is to
maintain the volume of circulating plasma and blood [44].

Infusion and transfusion therapy with crystalloid solutions
is used to replenish the volume of circulating blood in
shocks of various etiologies. The main preparations of
these groups include: physiologic solution 0.9%, Ringer’s
solution, ringer-lactate, lactosol, sterofundin, etc. [18]. The
infusion rate is also an important parameter. It can be: fast
and slow replenishing the deficit of circulating blood volume
[28]. When choosing the infusion rate in the acute period of
mechanical burn shock, three main parameters serve as a
reference point: arterial pressure, central venous pressure
and hourly diuresis [28].

One of the most important hemodynamic parameters
is oncotic blood pressure. In the phase of circulatory
decentralization, special attention should be paid to this
parameter, because the increase in oncotic blood pressure
will promote the transfer of fluid from the intercellular space
into the vascular bed, thus restoring the reduced volume
of circulating blood [16]. Native or synthetic colloidal
preparations are used for this purpose. Their volume can
amount up to 75% of the total infusion volume [10].

The use of infusion therapy with crystalloid solutions
without the use of blood products and synthetic colloids can
lead to serious complication in the form of hyperhydration
with subsequent interstitial pulmonary edema [26]. There
is debate in the scientific literature, but most sources cite
the opinion that a state of hyperhydration in combined burn
injury is less preferable than mild hypohydration [20].

There was performed a comparative evaluation of the
efficacy of antishock therapy schemes using synthetic and
native colloids in different ratios. It was found that the value
of cardiac output in patients who underwent infusion with
colloids amounting to more than 50% was significantly
higher in the first day after trauma [28].

The use of hydroxyethyl starch solutions with a molar
mass of 130 kDa was also quite effective. A group of authors
found that the use of this solution in combined burn injuries
provides rapid recovery of circulating blood volume, cardiac
output, parameters of oxygen delivery and consumption [12].

Sodium lactate is equally important in the treatment of
mechanical-burn shock, since severe hypoxia disrupts the
processes of lactic acid absorption in the Krebs cycle [38].
In addition to sodium lactate it is reasonable to use such
preparations as lactasol and quintasol, where lactate is
replaced by acetate [38].

As described above, both systemic and local hypoxia
influence the development of mechano-burn shock. As
a result, energy deficiency develops at the cellular level,
leading to the disruption of a number of important energy-
dependent processes in the cell [36]. Accordingly, it is rea-
sonable to add antihypoxic agents [35]. The effect of these
drugs is achieved mainly by reducing tissue oxygen demand
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and energy potential, blocking calcium channels, inhibiting
arachidonic acid metabolism and lipid peroxidation. Such
group of drugs includes: amtisol, gutimin, cytochrome C,
pyridoxine, sodium oxybutyrate [41]. It has been proved that
antihypoxants in crystalloid solutions significantly increase
the therapeutic efficacy of antishock infusion therapy when
treating mechanical and burn shock [23].

The next group of drugs that improve the efficacy of
infusion therapy in burn shock are antioxidants. Their
necessity is caused by pathophysiological processes
associated with the inevitable development of oxidative
stress in burn shock and reperfusion when blood flow
is restored in the area of tissue compression [29]. The
problem of chain oxidation of cell membrane lipids has
been known for a long time and was demonstrated back
in the 50-60s of the last century by a group of scientists
led by N.N. Semenov. Since then, a vast experience of
fundamental and experimental data has been accumulated,
confirming the key role of free radicals in physiological
and pathological processes in the human body [27]. All
antioxidants can be divided into natural and artificial ones.
The first group includes vitamin E, which is a classic phenolic
antioxidant, vitamin A, carotenoids, ascorbic acid, vitamins
of the K group, ubiquinone (coenzyme Q10), flavonoids,
melatonin, and estrogens. The second group includes
selenium preparations (ebselen), ionol, phenozan, probucol
(fenbutol), emoxipin, mexidol, idebenone, neurostrol,
thiotriazolin, oliphen, amtisol, dimexide, etc. [27].

It is possible to use ascorbic acid and tocopherol
acetate from this wide list of antioxidants in case of
patients with burn shock [32]. Their joint administration
allows to stabilize cell membranes and prevent excessive
vascular permeability, plasma loss, hemolysis [15]. There
are also single works on the use of superoxide dismutase
and catalase in extensive burns, which allowed to reduce
the vascular reaction, the severity of tissue edema and
prevent hypoproteinemia [22].

Another pathologic process accompanying mechanical
burn shock is the pain syndrome. The problem of pain control
has notbeen completely solved to date [17]. Apain impulse that
develops in mechanical-burn shock has a twofold significance.
Firstly, it activates excessive defense mechanisms, which
often causes energetically disadvantageous strengthening
of the most important life-support systems. Secondly, a pain
impulse is one of the mechanisms regulating the emergence
of inflammatory reaction, which always accompanies trau-
matic injury and itself can be a source of a pathological
impulse, aggravating the patient’s condition [4].

To reduce pain syndrome, anesthetics, narcotic and
non-narcotic analgesics, hypnotics, tranquilizers, and
sedatives are used both as independent therapy and in

combination [3]. However, it should be noted that general
anesthesia methods cause an additional load on the
body and depress many vital systems [6]. Accordingly,
they cannot be considered as a specific method of burn
shock treatment. Similar problems have been described
with the use of narcotic analgesics, which depress the
respiratory center, cause hypotension and reduce cardiac
output [25]. Currently, modern narcotic analgesics such as
buprenorphine and Prosidol are more preferable since they
have fewer of the above-described side effect [7].

Thus, mechanical burn shock caused by extensive
burns in combination with long compression syndrome is
a complex and multifaceted problem. The development of
a number of pathological processes, such as pronounced
pain syndrome, plasma loss, hypovolemia, DIC, systemic
hypoxia, electrolyte balance disorder, reperfusion tissue
damage, endotoxemia and metabolic disorders, determine
the severity of the pathology in this category of victims.
Nowadays there are many variants of solutions, preparations
and treatment schemes for infusion therapy of mechanical-
burn shock, but lethality still remains high. Accordingly, it
is urgent to thoroughly study the possibilities of increasing
the effectiveness of infusion therapy in mechanical-burn
shock caused by extensive burns in combination with the
syndrome of prolonged compression.
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AOMOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOPbl BHEC/M CYLIECTBEHHbIN
BKNag B pa3paboTky KOHLEenuuu, NnpoBeAeHne 1 NOAroToB-
Ky cTaTb, NpoYnm 1 ogobpunu guHanbHyto Bepcuio nepes
nybnukayyen.

KoHdnukt mHTepecoB. ABTOpbI [EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuk cmHaHcupoBaHmA. ABTOpbI 3asBRstOT 06
OTCYTCTBUM BHELIHErO (PUHAHCMPOBAHMS NPU NPOBEAEHUM
paboTbl.
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Abstract. Amyloidosis is a group of systemic diseases characterized by the extracellular deposition of pathologic,
insoluble fibrillar proteins in tissues and organs, potentially leading to multiple organ failure. In spite of the heterogeneity
of systemic amyloidosis etiology, clinical signs and symptoms of various forms of amyloidosis considerably overlap and
depend on the affected organs. Signs and symptoms suggestive of amyloidosis are often nonspecific, which makes
it difficult for clinicians to diagnose amyloidosis early and prompts them to exercise increased clinical vigilance. In
the article, we aimed to determine the most significant clinical and hematologic markers of the most common forms
of systemic amyloidosis and to assess the potential of using standard diagnostic manipulations to confirm or rule
out amyloidosis in high-risk patients. Amid the backdrop of population aging and an increase in the incidence of
neurodegenerative diseases, the adoption of standardized and relatively low-cost methods of early diagnostics will
enable clinicians to evaluate disease progression, select treatment strategies, and determine patient prognosis earlier
on, thereby minimizing damage to the healthcare system.

Keywords: amyloidosis, modeling of amyloidosis
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3HaKu 1 CUMMTOMbI, NO3BONISIOLLME 3aMO0L03PUTL aMIUMOUA03, Yalle BCEro HecneLnduyHbl, NO3TOMY y CreLmanicTos
BO3HWKAIOT TPYAHOCTY B paHHel AMarHocTuke, YTo TpebyeT YCUNEHHOTo KMHNYECKOro HabnoaeHus. B faHHoil cTa-
Tbe Mbl XOTUM ONpeaenuTb Hanbomnee sHauMMble KIMHUKO-TeMaToNnornyeckine Mapkepsbl pacnpocTpaHeHHbIX opMm
CMCTEMHOTO aMiUIona03a 1 OLEHUTb BO3MOXHOCTH MCMONb30BaHMS CTAHAAPTHbIX AUArHOCTUYECKUX MaHUMYNSLMIA
ANS NOATBEPXKAEHNS UMM UCKIIOYEHUS aMUOUA03a Y NaLMEHTOB U3 TPynn pucka. B cBS3M C akTUBHLIM CTapeHueMm
HaceneHus 1 pocToM 3ab601eBaEMOCTH HelpofereHepaTUBHbIMU 3a60neBaHNSMI BHeAPEHWE YHUDULMPOBAHHBIX
W OTHOCUTENbHO [eLlEeBbIX METOAOB PaHHE AMArHOCTUKM NO3BOMUT KIIMHULMCTAM Ha HayamnbHbIX 3Tanax OLeHNUTb
TeYeHne 3aboneBaHus, NOAXOA K EYEHMI0 1 NPOrHO3 ANs NaLlMeHTa, a Takxe No3BOSINT MUHUMU3MPOBATL YLepo

ana cMcTembl 34paBOOXPaAHEHNA.

KntoueBble cnoBa: amnnonaos, MOoAennpoBaHne amnnonaosa

HISTORY

In the XIX century, pathologist R. Virchow, studying the
so-called sebaceous disease, discovered that the substance
located in the affected organs, when stained with iodine,
acquires a purple color, like starch, and called it amyloid
(Latin amylum — a starch). In the XX century German doctor
N.N. Bennhold created one of the first methods of lifetime
diagnosis of amyloidosis by intravenous injection of amyloid-
specific dye congo-rot and estimation of the rate of reduction
of its concentration in the blood. With the development of
electron microscopy, A.S. Cohen established that amyloid is
a fibrillar protein with B-folded configuration, which is detected
in X-ray diffraction and is apparently responsible for the
typical coloring of this protein. The discovery was also that in
primary amyloidosis fibrils are fragments of immunoglobulin
light chains. Later it was found that fibrils consist of different
types of protein chains, which was the beginning of the way to
the development of etiotropic therapy of amyloidosis.

EPIDEMIOLOGY OF AMYLOIDOSIS

To date, the prevalence of amyloidosis has not been
sufficiently studied due to rarely expressed and specific
clinical symptoms, difficulties in diagnosis, and low vigilance
of specialists. Various sources estimate the prevalence of
amyloidosis from 0.1 to 6% in the population based on
autopsy data [6, 22].

Because of the lack of documentation, estimates of the
prevalence of amyloidosis vary widely depending on the study
period, the State and the researchers’ methods of estimating
incidence. For example, in the United States of America,
according to S.Y. Tan, the incidence of amyloidosis ranges from
5.1 to 12.8 cases per 100 thousand population per year [23].
In European countries, the incidence of amyloidosis in chronic
diseases ranges from 1.4 to 5%, and in Japan itis 0.1% [7, 23].
Over time and with the development of genetic screening in
the Russian Federation, the frequency of occurrence of certain

forms of amyloidosis began to increase, and the structure of
the detected forms of amyloidosis changed: for example, AA-
amyloidosis was detected in 46 patients out of 152 before
2006 and in 90 among 153 patients after 2006, but at the
same time the frequency of AL-amyloidosis significantly
increased (in 53 out of 153 patients before 2006 and in 80
out of 152 after 2006), which is associated with the increased
sensitivity of diagnostic methods [6, 12, 13].

AMYLOIDOSIS MORPHOLOGY

Amyloid fibrils are protein polymers up to 10 nm
in diameter and 800 nm in length, having a cross-f8
conformation, which determines the special polarization
ability of amyloid to double beam refraction. Histochemical
studies have established that polysaccharides account for
no more than 4% of the mass of total amyloid. Nevertheless,
the historical name “amyloid” has been retained and is used
in the International Classification of Diseases [4, 12].

In addition tofibrillar protein, the so-called P-component,
which constitutes 10-15% of the total mass of amyloid,
was found in the composition of amyloid. This protein is
similar in structure to serum amyloid P-component (SAP),
the increase in the amount of which in blood plays its role
in the pathogenesis of amyloid accumulation [11, 12]. In
addition, P-component protects amyloid fibrils from their
lysis by macrophages-amyloidoclasts, which prevents the
patient’'s immune system from effectively destroying the
depot of pathological protein and, in turn, also plays an
important role in the pathogenesis of amyloidosis [4, 12].

Some types of amyloid have a relationship with neuro-
degenerative processes such as Alzheimer's disease,
Parkinson’s disease, hemoblastosis (Rustitzky—Kahler di-
sease), hemodialysis (B,-microglobulin amyloidosis), chronic
inflammatory diseases (tuberculosis, rheumatoid arthritis, gout,
bronchiectatic disease, etc.), as well as some genetic defects
(AB-amyloidosis, familial nephropathic amyloidosis, Finnish-
type amyloidosis, American amyloidosis, etc.).
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AMYLOIDOSIS CLASSIFICATION

E85.3 Secondary systemic amyloidosis

According to the International Classification of Diseases
and Related Health Problems (ICD-10), amyloidosis is of

the following types:

E85.0 Non-neuropathic heredofamilial amyloidosis

Familial Mediterranean fever

Hereditary amyloid nephropathy

E85.1 Neuropathic heredofamilial amyloidosis
Amyloid polyneuropathy (Portuguese)

E85.2 Heredofamilial amyloidosis, unspecified

Haemodialysis-associated amyloidosis

E85.4 Organ-limited amyloidosis

Localized amyloidosis

E85.8 Other amyloidosis

E85.9 Amyloidosis, unspecified Clinical and bio-
chemical classifications of amyloidosis forms are now widely
accepted (Fig. 1).

AA-amyloidosis group: the disease is characterized by
extracellular deposition of serum amyloid A (serum amyloid A,
SAA) fibrils. SAA is a normal serum acute-phase protein

Cystatin C

Table 1
Clinical and biochemical classification of amyloidosis forms
Tabnuuya 1
KnuHnueckas n 6uoxummnyeckas knaccudpukauum popm ammnonaosa
Hassanve
aMUNonaHoro Benok-
6enka / Name npeaLecTBEHHNK/ KnuHuueckas chopma / Clinical form
of amyloid Precursor protein
protein
AA CbIBOPOTOYHBIN BTOpMYHbI aMnnonaos npu XpOHNYECKUX MHEEKLMOHHBIX M BOCNANNUTENbHbIX 3ab0neBaHnsx
amunoung A (SAA) / (PeakTuBHbIN), aMunougo3 npu nepuoanyeckor bonesun n curapome Makna-Yannca / Secondary
Serum amyloid A amyloidosis in chronic infectious and inflammatory diseases (reactive), amyloidosis in periodic disease
(SAA) and Muckle-Wells syndrome
AL A, AMWNIONZ03, aCCOLMMPOBAHHDI C NNA3MOKIETOUHBIMW AUCKPA3USMM: MANONATUYECKNA,
K nerkve uemu Ig npu MuenomHoi 6onesHu u MakpornobynuHemun BanbgeHctpéma / Amyloidosis associated with plasma
cell dyscrasias: idiopathic, in multiple myeloma and Waldenstrém’s macroglobulinemia
ATTR TpaHCTUpeTHH / CeMeliHble BapuaHTbl MOMMHENPONATUYECKOTO, KapanoMMONaTUYECKOro aMmmuiongosa,
Transthyretin CUCTEMHBIN cTapyeckuin ammnompos / Familial variants of polyneuropathic, cardiomyopathic amyloidosis,
systemic senile amyloidosis
AB2M B,-Mukpornobynux / Junanusnein amunongos / Dialysis amyloidosis
B,-microglobulin
AGel l'enconuH / Gelsolin duHckas cementHas amunongHas Henponatus / Finnish familial amyloid neuropathy
AApoAl AnonunonpoTeuH / AwmwunougHas Heiponatus (Il un no van Allen, 1956) / Amyloid neuropathy (type Il according to van
Apolipoprotein Allen, 1956)
AFib ®nbpuHoreH / AmunouaHas Hecoponatus / Amyloid nephropathy
Fibrinogen
AB B-npotemH / bonesHb Anblrenmepa, cuHapom flayHa, LepebpanbHas amunongHas aHrnonatus / Alzheimer’s
B-protein disease, Down syndrome, cerebral amyloid angiopathy
APrPser MpuonHbIit 6enok / | BonesHb KpenTudenbara-Akoba, 6onesnb MeptecmanHa—LUtpayccnepa—Lleitkepa / Creutzfeldt-Jakob
Prion protein disease, Gertsmann-Straussler—Scheinker disease
AANF MpeacepaHblit W3onupoBaHHbIit amunonaoa npeaceppuii / Isolated atrial amyloidosis
HaTpUIypeTU4EeCKI
caktop / Atrial
natriuretic factor
AIAP Amunus / Amilin V130n1poBaHHbIN aMUonao3 OCTPOBKOB JlaHrepraHca npu caxapHoM auabeTe 2-ro Tuna, HCynuHome /
Isolated amyloidosis of the islets of Langerhans in type 2 diabetes mellitus, insulinoma
ACal [MpokanbLMTOHUH / [Mpu mepynnsapHoOM pake wWuToBMAHON xenesbl / For medullary thyroid cancer
Procalcitonin
ACys Lnctatuu C / LlepebpansHas amunougHas aHruonatus / Cerebral amyloid angiopathy
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Fig. 1.  Glomerular amyloid deposits in secondary amyloidosis.
Light microscopia with kongo-rot colouring, x40 [30]
Puc.1. TnomepynsipHbie Aeno3uTbl amunounpa NpU BTOPUYHOM

amunonpgose. CBeTOBasi MUKPOCKOMMS C OKPACKOW KOHro-
por, x40 [30]

synthesized by hepatocytes under the influence of pro-
inflammatory protein-cytokines [15, 18]. Thus, a consistently
high concentration of SAA in blood ensures the development
of AA-amyloidosis by folding and stacking protein chains
into the B-conformation and binding to glycosaminoglycans
(GAGs) and the amyloid P component of serum [8, 21]. This
group includes reactive amyloidosis, amyloidosis in periodic
disease, and amyloidosis in Muckle-Wells syndrome. SAA
levels in plasma have no significant difference according
to sex and age and have been variously estimated to be
between 5 and 20 mg/L using latex immunoturbidimetry,
radioimmunoassay, and rapid quantitative test methods [9].
AL-amyloidosis develops as a result of massive systemic
extracellular deposition of monoclonal immunoglobulin
light chains secreted by plasmocyte clones [2-4]. It is
known that A-isotype and k-isotype of light chains are
predominantly amyloidogenic [8, 13, 21]. Diagnosis of this
type of amyloidosis is based on morphologic examination
of biopsy specimens of subcutaneous adipose tissue or
salivary glands (at the initial stage), and if it is impossible
to isolate it from these organs — from the affected organs:
kidneys, liver, gastrointestinal tract organs, myocardium [5,
16, 25]. The presence of extracellular masses positively
stained with congo red dye and giving green luminescence
during microscopy in polarized light suggests the presence
of amyloid deposits. Advanced methods of AL amyloidosis
diagnostics may include immunohistochemical study on
paraffin sections, immunofluorescence study using highly
sensitive and specific anti-A and anti-k antibodies [14, 17, 20,
21]. Itis necessary to perform differential diagnosis with other
types of amyloidosis: for example, in the absence of positive

staining of deposits, it is reasonable to analyze the level
of serum amyloid A in plasma, B,-microglobulin in patients
on hemodialysis, as well as lysozyme, apolipoproteins,
fibrinogen, gelsolin, transthyretin, the level of which may be
increased in familial forms of amyloidosis [12, 14].

ATTR-amyloidosis (transthyretin, senile amyloidosis). This
type of amyloidosis is an irreversibly progressive and disab-
ling disease characterized by progressive polyneuropathy,
as well as the development of heart failure, kidney and other
organ damage. It includes familial amyloid polyneuropathy and
systemic senile amyloidosis [10, 14, 26, 30].

In familial amyloid polyneuropathy, the amyloid precursor
protein is transthyretin. It is a protein that provides trans-
port of thyroxine and retinol and is synthesized in the
liver, vascular plexus of the brain ventricles, and retinal
epithelium. The development of ATTR-amyloidosis has two
pathogenetic variants: genetic mutations associated with
amino acid substitution or deletion in the TTR gene encoding
transthyretin synthesis and located on the long arm of
chromosome 18 [1, 24, 25]. Currently, more than 100 types
of TTR gene mutations are known, but many remain
unexplored. The prevalent TTR mutations are Val30Met
and Val122lle. Amyloidogenic mutations cause deposition of
pathologic protein in the peripheral nervous system, heart,
gastrointestinal tract, and lens [13, 22, 26].

ATTR-amyloidosis can be suspected in patients with
progressive neuropathy and cardiomyopathy, constipation
and diarrhea, and decreased visual acuity. Diagnosis is
based on morphologic examination of a biopsy of the affected
organ, as well as genetic testing for the presence of TTR
gene mutations [10, 21, 24].

AN EXPERIMENTAL MODELING OF AMYLOIDOSIS

Many still unsolved problems of etiology, pathogenesis,
diagnosis, treatment, and prevention of amyloidosis attract
the attention of researchers to experimental models
of amyloidosis [27]. Modeling amyloidosis in animals
can provide the search for more effective methods of
its prevention and treatment. There are many ways of
experimental modeling of amyloidosis. Most of them are
based on the administration of chemical or biological
substances to animals. In the XXI century, the Russian
Federation has developed its own methods: for example,
for the first time a method was developed to obtain a model
of systemic cardiac amyloidosis on the background of a
single injection of rats with a mixture containing native egg
albumin, complete Freund’s adjuvant and rat myocardial
homogenate. A method of modeling amyloidosis in white
mice consisting in the administration of native egg albumin
every other day for 30 days was also patented [3, 5, 7].
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However, the disadvantages of these methods are: the
small size of animals, the complexity of histological and
chemical examination of organs due to their small size,
the need to control daily diuresis, tubule reabsorption
(by endogenous creatinine clearance) and the content of
electrolytes in the urine of animals. The combination of
these requirements significantly complicates experimental
modeling, as well as increases its cost [3].

As a result of these studies, the authors found out
that some pharmacological substances can have a
therapeutic effect in amyloidosis: for example, succinic
acid administered intragastrically through a probe at a
rate of 1.5 mmol/kg for 60 days promoted the recovery of
myocardium and stroma vessels and hemodynamics in
tissues. Morphological study of the organs of rats treated
with acisol (bis-1-vinylimidazole-zincdiacetate) showed
a decrease in congophilia, the appearance of individual
amyloidoclasts, and foci of revascularization [19].

Since one of the frequent links in the pathogenesis
of amyloidosis is chronic inflammation, it is necessary to
develop a system of measures allowing mass diagnostics
of chronic inflammatory diseases in individuals at risk [6].

Currently, there are no massively implemented therapy
protocols capable of inducing a sufficiently rapid process of
destruction and excretion of amyloid deposits from tissues,
and the available treatment methods are aimed at regulating
the metabolism of amyloidogenic substances [29, 30].

Theintroduction of already available methods of searching
for amyloidosis markers, such as C-reactive protein, {3,-
microglobulin, serum amyloid A protein, and genetic studies
(e.g., exon sequencing of the TTR gene) is feasible due to
the possibility of performing such tests at a relatively low
cost. Investigation of these markers will allow to detect or
exclude the diagnosis of some amyloidoses in patients with
unclear clinical picture associated with polyneuropathies,
neurological syndromes, and cardiomyopathy of unclear
genesis and/or in patients with the above symptoms and a
history of chronic inflammatory diseases.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTOpoOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNN UHANBHYHO
Bepcuto nepep nybnukauyuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcTounnk chuHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBWW BHELHEro (hMHaHCUMPOBaHWUS NpU NPOBEAEHUM
nccnenoBaHus.
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Abstract. Among all the respiratory complications observed in surgical patients in the postoperative period, lung
tissue atelectasis is one of the most common. In addition to the use of protective intraoperative ventilation, one
of the measures to prevent atelectasis of lung tissue may be to maintain independent breathing throughout, or
at certain stages of general anesthesia. Currently, most anesthesia machines have a wide range of ventilation
modes, including self-breathing mode with pressure support. When performing respiratory support in this mode,
the patient is able to influence all phases of the respiratory cycle, the diaphragm remains functional, which reduces
the risk of atelectasis and ventilator-induced dysfunction of the diaphragm. Due to the support pressure applied
in response to each breath, the patient does little breathing work, which prevents the development of fatigue of
the respiratory muscles. However, anesthesia with preserved spontaneous breathing may be limited by the need
to administer high doses of opioids and anesthetics, for example, in highly traumatic surgical interventions, since
anesthesia drugs can have a significant effect on the respiratory center. There is sufficient information in the
literature regarding the effectiveness of its use at the stage of induction of general anesthesia, in order to better
preoxygenation. The use of (PSV, pressure support ventilation) mode in combination with positive end expiratory
pressure (PEEP) during preoxygenation improves oxygenation, prevents episodes of desaturation, and lengthens
the time of safe apnea. In addition to using this regimen during the induction of general anesthesia, its use may be
appropriate at the stage of maintaining anesthesia during operations where the introduction of muscle relaxants is
not required, as well as at the final (awakening, extubation) stages of general anesthesia in cases where the main
surgical stage requires total myoplegia. The use of pressure support at these stages is less common. However,
a number of publications have shown that the use of this regimen during general anesthesia while maintaining
independent breathing can lead to improved gas exchange and reduced atelectasis of lung tissue, in addition,
make awakening and extubation more comfortable and faster, compared with other approaches to respiratory
support during anesthesia.

Keywords: artificial lung ventilation, pressure support ventilation, spontaneous breathing, general anesthesia, awakening
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Pestome. Cpeau Bcex pecnunpatopHbIx OCNOXHEHWIA, HabniogaeMblx y XMpypriryeckix 60mbHbIX B NOCNEoNnepaLmoHHOM
nepvoge, aTeNnekTasMpoBaH1e NEro4YHo TkaHn — 04HO M3 Hanbonee YyacTo BcTpevarowmxcs. MoMmmo npumMeHeHus
NPOTEKTUBHOW MHTPAONEPALNOHHON BEHTUNSLMM NIETKUX, OLHOW U3 Mep NPOUNaKkTUKK aTeNekTasupoBaHu1s NeroyHow
TKaHU MOXET SBNSATbCA COXPAHEHNE CaMOCTOSTENBHOMO AbIXaHNs Ha BCEM NPOTSKEHUM, MO0 Ha OTAENbHbIX 3Tanax
obuyeit aHecTe3MN. B HACTOALLMIN MOMEHT Ha BONbLUMHCTBE HAPKO3HbIX annapaToB UMeeTCs BOMbLLON CNEKTP PEXUMOB
BEHTUNALWUM, B TOM YUCE U PEXMUM CAMOCTOATENBHOIO AbIXaHus ¢ noaaepkkon aasneHuem (PSV, pressure support
ventilation). Mpu npoBegeHU pecnupaTopHON NOAAEPKKM B JAaHHOM PEXMME NauneHT cnocobeH okasbiBaTh BNMUSHWE
Ha BCe ha3bl AbIXaTeNbHOro LuKNa, COXpaHaeTcs pabotocnocobHOCTb Anadparmbl, YTO CHUXAET PUCK BOSHUKHOBEHMS
aTeneKkTasoB W BEHTUNATOP-UHAYLMPOBAHHON AUCHYHKLMM AnadparMbl. 3a CHET NOAABAEMOrO B OTBET Ha Kaxablil BLOX
AaBneHNs NOLAEPKKM, NaLMEHTOM NPOLENbIBAETCSA HE3HAUNTENbHAs paboTa AblxaHus, YTo NpeaoTBpaLlaeT pa3suTHe
ycTanocTu AblxaTensHoi Myckynatypbl. OgHaKko NpoBeAEeHNE aHeCTe3UN C COXPAHEHHbIM CMOHTAHHBIM [blXaHUEM
MOXET ObITb TMMUTUPOBAHO HEOBXOAMMOCTbIO BBEAEHMUS BbICOKMX 403 ONUOMAOB M aHECTETUKOB, HAaNpumep, npu
BbICOKOTPaBMaTUYHbIX ONEPATUBHBIX BMELLATENLCTBAX, NOCKOMBKY Npenapatbl Af1S aHECTE3UM MOryT OKa3aTb CyLLeCT-
BEHHOE BIUsIHIUE Ha AblXaTenbHbIN LeHTp. B nutepaType nMeeTcs 4OCTaTOMHO CBE4EHWN B OTHOLLEHUM 3pdeKTUBHOCTY
ncnonb3oBaHus pexuma PSV Ha aTane uHAyKUmm obLLen aHecTeanm ¢ Lenbio nyyiieit npeokcureHaumu. Kcnonb3o-
BaHWe pexuma PSV B coueTaHun ¢ NonoxuTenbHbIM AaBneHnem B koHue Bbigoxa (MAOKB) Bo Bpems npeokcureHawum
yNnyylwaeT oKCUreHaumo, NpeAoTBpaLLaeT NnosBeHNe 3N30A0B AecaTypaunm, yanuHseT Bpems 6€30nacHoOro anHoa.
MomMuMo 1cnonb3oBaHUs JaHHOMO pexuMa BO BPEMS MHAYKLMM 0BLLEN aHecTe3nn, ero NpUMEHeHNe MOXET ObITb Liene-
coo6pasHbIM 1 Ha aTane NoAAepkaHNs aHeCTe3nn BO BpeMs onepauui, rae He TpebyeTcs BBeJeHe MUOPENaKCaHToOB,
a TaKxe 1 Ha 3aBepLualowux (NpobyxaeHune, akcTybauus) atanax obLLen aHecTe3nn B Tex Cryyasx, Koraa OCHOBHOM
Xupypruyecknin atan TpebyeT ToTanbHo Muonneruy. NpuMeHeHne NOLAEPXKKM aBNEHMEM Ha 3TUX dTanax MeHee
pacnpocTpaHeHo. OaHako B psae nybnukaunin 6bino nokasaHo, YT NPUMEHEHWE AaHHOMO pexuma Bo BpeMs obLel
aHeCcTe3nn C COXpaHeHWeM CaMOCTOATENBHOTO AbIXaHWUst MOXET NPUBECTM K YNyYLIEHIO ra3000MeHa 1 YMEHbLLEHMIO
aTeneKkTasupoBaHMs NErO4HONM TKaHK, NOMUMO 3TOro, caenatb NpobyxaeHne n akcTybaumo 6onee KOMGPOPTHLIMK 1
ObICTPbIMK NO CPABHEHMIO C APYTMMM NOAXOAAMM K MPOBEAEHNIO peCnpaTOPHOI NOAAEPKKM BO BPEMS aHECTE3NMN.

KntoyeBble cnoBa: NCKYCCTBEHHAS BEHTUMSALMS NETKNX, BEHTUNALMS C NOAAEPXKKOA AaBNEHNEM, CAMOCTOSTENbHOE
AblxaHne, oblias aHecTesnst, NpobyxaeHne

INTRODUCTION

Postoperative pulmonary complications (PPCs) are the
most common complications following surgical interventions
[23], significantly influencing the course of the postoperative
period [25]. The share of pulmonary complications in abdominal
and vascular surgery accounts for 10-40% of all postoperative
complications [12]. Thus, pulmonary complications are the
second most frequent after cardiovascular ones during the
postoperative period [19].

Among all respiratory postoperative complications,
pulmonary atelectasis is one of the most common in surgical
patients. Atelectasis determines the risk of hypoxemia and
forms the basis for the development of other postoperative
pulmonary complications [27]. Atelectasis can persist for
several days after surgery, impairing respiratory function
and ultimately increasing the duration of hospitaliza-
tion [14].

In the early 2000s, a whole range of modes which were
previously available in ventilator-assisted resuscitation
machines became available on the majority of anesthesia-
breathing machines, including modes of independent
breathing and primarily pressure-supported independent
breathing. Despite this, there are no clear recommendations
regarding the use of these modes during anesthesia. As a
result, habitual forced ventilation modes are preferred by
anesthesiologists in most situations. However, a number of
studies have shown that the use of pressure support mode
during general anesthesia with preservation of independent
breathing can lead to improved gas exchange and reduced
atelectasis of lung tissue. In addition, it can make awakening
and extubating more comfortable and faster than other
approaches to respiratory support during anesthesia [1, 2,
6, 28, 48). Furthermore, the use of PSV (pressure support
ventilation) and preservation of spontaneous breathing can
potentially reduce the total anesthetic dose during general
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intravenous anesthesia [6, 28]. In addition, anesthesia
with preserved spontaneous breathing is limited by the
need to administer high doses of opioids and anesthetics,
for example, in highly traumatic surgical interventions,
because anesthetic drugs can have a significant effect on
the respiratory center.

In addition, this mode can be used to maintain anesthesia
during operations that do not require the administration of
myorelaxants, according to available data, its use may be
appropriate at the initial (preoxygenation before induction
of general anesthesia) [7] and final (awakening, extubation)
[3, 35] stages of general anesthesia in cases where the
main surgical stage requires total myoplegia. In the first
case, a higher level of oxygen tension in arterial blood and,
as a consequence, a longer time of safe apnea compared
to classical preoxygenation is provided [7]. In the second
case, independent breathing is initiated after the end of the
main stage of surgical intervention, which can reduce the
time of awakening and extubation, accelerate the transfer of
the patient from the operating room, improve gas exchange,
reduce the frequency and severity of cough after extubation,
and thus make awakening more comfortable than when
using forced ventilation [3, 35].

Thus, the use of independent breathing modes at
different stages of general anesthesia can potentially reduce
the likelihood of postoperative pulmonary complications
(PPC) in the early postoperative period.

IMPACT OF FORCED ARTIFICIAL VENTILATION
ON THE RESPIRATORY SYSTEM

Effects on lung tissue

It has been shown in both experimental and clinical
studies that artificial ventilation (AV) can exacerbate pre-
existing lung damage [8, 27, 42] or even induce it in a
healthy individual [39]. Several major mechanisms for
the development of ventilator-induced lung injury (VILI)
have been identified [8, 14]. Increased airway pressure
(barotrauma) and the application of high inspiratory volumes
(volumotrauma) can cause damage or destruction of alveolar
epithelial cells. In addition to baro- and volumotrauma,
ventilator-induced lung injury can result from cyclic opening
and closing of the alveoli (atelectotrauma) [8]. All three
described mechanisms, namely barotrauma, volumotrauma
and atelectrauma, can affect both alveolar epithelial cells
and pulmonary capillary endothelium [43], as well as cause
interstitial damage by disrupting the intercellular matrix [29].
As a consequence of lung tissue injury, surfactant synthesis
and barrier function of the alveolo-capillary membrane are
impaired, which leads to the development of interstitial
pulmonary edema and extensive atelectasis of lung tissue.

Ventilator-induced lung injury is one of the causes of
postoperative pulmonary complications (PPC).

Heterogeneity of ventilation in different areas of lung
tissue may also occur during general anesthesia. This
inhomogeneity may be related to extensive atelectasis due to
the effects of anesthetics on the respiratory system, to patient
positioning (e.g., Trendelenburg position), to increased
intra-abdominal pressure (e.g., when carboxyperitoneum
is applied during laparoscopic surgeries) [32], and also as
a result of alveolar gas resorption [36], which makes the
respiratory system even more vulnerable to the negative
effects of ventilatory support.

According to current thinking, in order to prevent all types
of damaging effects leading to VILI and, consequently, to
reduce the risk of postoperative pulmonary complications,
a strategy of protective ventilation should be applied in the
operating room [11].

Effects on the respiratory musculare

In addition to negative effects on lung tissue, there is
also evidence that mechanical ventilation has a negative
effect on diaphragm function, which may lead to ventilator-
induced diaphragmatic dysfunction (VIDD) [45].

The first evidence that continuous mandatory ventilation
can cause respiratory muscle damage was obtained in
animal studies [33]. In more recent studies it was shown
that mandatory ventilation leads to atrophy of respiratory
muscles (diaphragm to a greater extent) [40]. This theory
was confirmed in human studies: analysis of histological
data of 13 newborns who were on forced ventilation for
12 days revealed diffuse atrophy of diaphragmatic fibers
[22]. Diaphragm atrophy may be the result of decreased
protein synthesis and/or increased protein degradation [16].

According to other authors, structural transformation
of diaphragm muscle fibers occurs as a result of impaired
protein synthesis and degradation (especially myosin heavy
chain protein) during mandatory ventilation [40].

In addition to global structural rearrangements, an
increase in oxidative stress, reflected by increased pro-
tein oxidation and lipid peroxidation, was observed
in animals undergoing 6-hour forced ventilation [40].
Moreover, according to some studies, structural damage
to some cellular organoids was observed after 48 hours
of CMV (continuous mandatory ventilation): destruction of
myofibrils, abnormal swelling of mitochondria, lipid droplets
and vacuoles [4]. The mechanisms of damage are not
completely clear, but may include activation of various
proteolysis pathways and oxidative stress.

Interestingly, even minimal patient involvement in
ventilation can significantly improve the functional status of
the diaphragm. According to Sassoon et al., the decrease in
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contractility of the rabbit diaphragm after 3 days of artificial
ventilation was more pronounced in the group in which
CMV was used compared to the group in which assisted
continuous mandatory ventilation (AssistCMV) was used
and minimal spontaneous respiratory activity was preser-
ved [38].

Taking into account these data, despite the fact that the
CMV mode remains the most popular in anesthesia practice,
it can be assumed that the use of assisted modes, as well
as modes of independent breathing during anesthesia
can have a beneficial effect on the respiratory system and
reduce the risk of PPC.

INDEPENDENT BREATHING
AND GENERAL ANESTHESIA

Numerous studies conducted in the last two decades
have led to a better understanding of the pathophysiology of
ventilator-induced lung injury that may be responsible for the
development of PPC. Consequently, this has resulted in the
widespread adoption of protective ventilatory strategies and
advanced respiratory monitoring that optimizes ventilation
settings [11].

Another, newer area of research related to intraoperative
ventilatory support is the study of the association between
the use of myorelaxants and the risk of PPC development.
The POPULAR research has shown that the use of
myorelaxants during general anesthesia leads to an
increased risk of PPC. Neither the use of neuromuscular
transmission monitoring nor the use of decurarizing agents
significantly reduces the risk of these complications [21]. In
this regard, it can be assumed that maintaining independent
breathing during general anesthesia, where possible, may
be one of the options for further improvement of the strategy
of protective ventilation.

It is well known that regional distribution of ventilation
and perfusion is heterogeneous due to the elastic
properties of the lungs, as well as the vertical gradient of
pleural, transpulmonary and hydrostatic pressures [41].
The diaphragm displacement is also not homogeneous,
and it can be functionally divided into three segments:
upper (independent, ventral), middle and lower (dependent,
dorsal) ones. The dorsal part makes more movement during
spontaneous inspiration than the ventral part, providing better
ventilation of dependent lung regions and counteracting the
collapse of alveoli due to hydrostatic pressure, leveling the
ventilation-perfusion mismatch, and these advantages are
maintained even in the supine position [30].

On the contrary, when performing forced ventilation
(especially with the use of myorelaxants), a typical
redistribution of ventilation occurs: its main part is shifted to

the independent and less perfused anterior lung sections,
atelectasis formation occurs in the dependent lung regions,
which leads to a violation of ventilation-perfusion relations
[30]. These effects are primarily associated with changes
in diaphragm excursion. During forced ventilation against
the background of relaxants, passive displacement of the
posterior part of the diaphragm is significantly reduced
5, 6].

The main advantage of maintaining spontaneous
breathing during general anesthesia is the preservation
of normal work of respiratory muscles and, first of all, the
diaphragm. Preservation of tone and active movements
of the diaphragm can increase ventilation of the dorsal
lung sections, prevent early expiratory airway closure and
atelectasis formation, improve ventilation-perfusion relations
and gas exchange [37]. The results of the study confirming
the benefit of preserving diaphragm performance during
general anesthesia with tracheal intubation are indicative.
The use of diaphragmatic nerve stimulation, simulating the
diaphragm work, accompanied by the use of positive end-
expiratory pressure (PEEP) leads to a decrease in the size
of atelectasis in dependent parts of the lungs [15].

In addition to the positive effect on pulmonary function,
other possible advantages of preserved independent
breathing include reduced consumption of anesthetics,
as well as reduced time of awakening, extubation and
transfer from the operating room [2, 6, 28], no need to use
myorelaxants and, consequently, reduced risks associated
with their use (postoperative pulmonary complications,
allergic reactions) [17, 21].

It should be noted that spontaneous breathing during
ventilation also has a number of disadvantages: the
possibility of asynchrony, which can lead to baro- or volu-
motrauma; the need for more careful control of ventilation
to ensure timely transfer of a patient to the forced mode
due to the effect of narcotic analgesics on respiratory
drive, the development of respiratory muscle fatigue and
decreased efficiency of independent breathing attempts due
to increased breathing [6].

A pressure-supported independent breathing mode can
help overcome most of the disadvantages of preserved
spontaneous breathing during general anesthesia.

THE USE OF PRESSURE SUPPORT VENTILATION
AT DIFFERENT STAGES OF GENERAL ANESTHESIA

Preoxygenation and induction of general anesthesia

The use of pressure support breathing in anesthesia
practice is most studied at the stage of induction. Thus, a
meta-analysis based on 13 studies performed from 2001
to 2021 showed that the use of noninvasive ventilation
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in PSV mode immediately before induction of general
anesthesia was more effective than the “traditional” method
of preoxygenation [7].

A number of studies have compared the safe apnea
time when preoxygenation is performed in PSV mode or
with masked oxygen delivery [7]. Although there was a
difference in the interpretation of the term “safe apnea”
between the authors (the lower limit of saturation in the
studies differed), according to the results of all studies,
the group of preoxygenation in the PSV mode showed a
significantly more favorable result than the group of classical
preoxygenation.

One of the studies compared the rate of achieving a
90% end-expiratory oxygen level using the pressure support
mode and traditional methods of preoxygenation [10].
Patients of the first group achieved the result significantly
earlier than the group in which “classical” preoxygenation
was performed.

It is logical that higher PaO, [10] and lower PaCO, [9]
were observed during preoxygenation using noninvasive
ventilation than in the group of standard preoxygenation.

Separately, we would like to note that this technique is
most useful in patients with a potentially large volume of
atelectatic lung tissue, which include overweight patients.
Thus, a study in morbidly obese patients showed that the use
of PSV combined with moderate PEEP during preoxygenation
significantly improves oxygenation and prevents desaturation
episodes compared with standard preoxygenation in the
mode of fully independent breathing [13].

The main stage of general anesthesia

In the last 20 years, modern supraglottic airway devices
(SGDs) have been widely introduced into clinical practice:
laryngeal masks, |-Gel type supraglottic airway devices,
etc. [24]. The placement of these devices, designed to
ensure patency of the upper airways, does not require the
administration of myorelaxants, respectively, and the use
of forced modes of ventilation. The traditional method of
ventilation in operations of short duration (less than 1 hour)
has become the preservation of spontaneous breathing.
However, the use of spontaneous ventilation during
longer surgical interventions was limited by a high risk of
hypoventilation caused by anesthetics. They influenced
the breathing pattern and the development of respiratory
muscle fatigue, which required transferring a patient to a
controlled mode of ventilation [28].

PSV mode on modern anesthesia and respiratory devices
made it possible to perform longer surgical interventions
in conditions of preserved independent breathing thanks
to control of the respiratory volume and reduction of the
patient’s work of breathing.

A number of researchers have argued that the use
of pressure-support self-respiratory mode offers many
advantages over spontaneous breathing without device
support or forced ventilation during anesthesia with
supraglottic airways. PSV mode significantly reduces work
of breathing compared to fully spontaneous breathing and
at the same time provides lower airway pressures compared
to forced ventilation [6, 28].

When comparing PSV with ventilation in the CPAP mode
(continuous positive airway pressure, a mode of independent
breathing with constant positive airway pressure), it was
found that the former was superior to the latter in terms of
respiratory volume, oxygenation indices, and end-expiratory
partial pressure of CO,, which may be associated with
improved ventilation and ventilation-perfusion relations in
the lungs [46].

However, it should be noted that according to some
works, the use of PSV mode, as well as forced ventilation
modes, aggravates ventral redistribution of ventilation in
comparison with independent breathing without ventilatory
support. Such results were obtained in a trial performed
using electrical impedance tomography visualizing regional
ventilation differences in the lungs [34].

Another study showed that the use of PSV or preserva-
tion of spontaneous breathing leads to a shorter time
from the moment of anesthetic cessation to awakening,
extubation, and transfer from the operating room compared
to respiratory support in the mode of volume-controlled
mandatory ventilation [6]. Moreover, a significantly higher
consumption of anesthetics was noted in the CMV group.
However, the group of fully spontaneous breathing
showed a significant increase in occlusion pressure
100 ms after the start of inspiration (P0.1), a decrease
in minute ventilation, and an increase in end-expiratory
carbon dioxide pressure EtCO, by the end of anesthesia,
indicating the development of respiratory muscle fatigue.
No such phenomena were observed in the PSV group
[6]. The results of the above mentioned research also
correspond with the data obtained in a similar research in
pediatric patients [28].

A similar research was performed in our clinic. It
compared gas exchange parameters by analyzing arterial
blood gas composition, airway pressure, and wake-
up time in 100 patients who underwent minor traumatic
orthopedic interventions on the lower extremities under
general combined anesthesia with desflurane. The results
of the research demonstrate better indices of arterial blood
oxygenation, respiratory mechanics, as well as shorter time
intervals before awakening, extubation and transfer to a
ward in the group of pressure support mode, which is fully
consistent with the above-mentioned foreign researches It
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should be noted that in both cases the main hemodynamic
parameters as well as the level of anesthesia depth
remained normal and did not differ significantly between the
groups [2].

In addition to practically healthy patients with physical
status ASA I-ll, participated in the mentioned studies, the
PSV regimen also showed its efficacy in patients with
moderate obesity (body mass index (BMI) 25-35 kg/m?)
and physical status II-Ill according to ASA. This category
of patients underwent PSV respiratory support, as a
result there were observed intraoperative improvement in
oxygenation index (PaO,/FiO,) and higher values of SpO,in
the early postoperative period compared to a group receiving
pressure-controlled forced ventilation (CMV-PC) [48].

A number of studies have shown that besides general
anesthesia with supraglottic airways, PSV may also be
useful during anesthesia with tracheal intubation. The
use of a pressure-supported independent breathing mode
during general anesthesia accompanied by tracheal
intubation may also reduce wake-up and extubation time.
Interestingly, the level of depth of anesthesia according to
BIS monitoring in this study remained normal and did not
differ between groups (using PSV and CMV-VC) [1].

When comparing PSV and CPAP modes during
anesthesia with tracheal intubation, it was shown that the
use of pressure support provides a lower respiratory rate
and lower end-expiratory carbon dioxide level, as well as
stable respiratory volume [5].

Among other things, the mode of independent
breathing with pressure support can be useful for patients
coming to an operating room from intensive care units.
This category of patients is initially in severe condition and
requires pressure assisted ventilation. Thus, it is possible
to ventilate these patients in the same mode as in the
intensive care unit. This can help prevent deleterious
effects of forced ventilation on the compromised respiratory
and cardiovascular systems [44].

It should be stated that pressure support regimen
during the maintenance phase of anesthesia is evaluated
in significantly fewer studies than during the induction
phase of anesthesia. Apparently, it seems that using this
mode during the maintenance of general anesthesia is
less common in clinical practice. In addition, the majority
of trials that evaluated the intraoperative use of PSV mode
used total intravenous anesthesia, the possibility of such
ventilation against the background of inhalation anesthetics
was evaluated much less frequently.

Completion of general anesthesia, awakening

The main purpose of using protective intraoperative
ventilation is to make intraoperative ventilation safer by

reducing the probability of postoperative pulmonary
complications; however, it has been shown that all the
positive aspects achieved by improving the methods of
respiratory support at the initial and main stages of general
anesthesia can be lost during awakening and extubation
[47]. There are works [18, 31] that demonstrated that atele-
ctasis of lung tissue occurs at the final stage of general
anesthesia, despite the protective strategy of artificial
ventilation at the main stage. Thus, it was revealed that
pulmonary atelectasis occurs in 39% of patients at the time
of extubation and full awakening of a patient [31]. In this
regard, a study devoted to the influence of ventilation mode
on the severity of pulmonary atelectasis after extubation at
the end of anesthesia should be noted. According to the
data presented, the incidence of postoperative atelectasis
in patients who received PSV ventilation before awakening
was much lower than in patients breathing independently
without device support [18].

Some authors have demonstrated that the pressure
support mode used at the end of general anesthesia, at
the stage of extubation and awakening can both potentially
prevent postoperative pulmonary complications and improve
intraoperative gas exchange, as well as significantly improve
patient comfort in comparison with other approaches to
respiratory support at this stage of general anesthesia [1,
6, 28, 48]. First of all, we are talking about reducing the
severity of the cough reflex during extubation. Despite the
fact that coughing is a necessary physiological reflex, its
severe and prolonged character may cause a whole set of
adverse effects, including increased intracranial, intraocular,
and intra-abdominal pressures [26]. In addition, severe
repetitive coughing leads to a significant increase in blood
pressure, depleting coronary blood flow [20].

Many influences can trigger the cough reflex. However, in
the case of postextubation cough, it is certain that the main
trigger is a mechanical impact of an intubation tube on the
airway [26]. Extubation itself is often causes bronchospasm
or laryngospasm, which may lead to the development of
hypoxemia, directly threatening patient’s life.

In recent decades, a considerable amount of studies
have been conducted aimed at selecting pharmacologic
methods to reduce airway irritation under caused by
intubation tubes. These include irrigation of the vocal folds
with local anesthetic solution during direct laryngoscopy,
its intravenous administration and even injection of local
anesthetic solution into the cuff of the intubation tube. Some
authors suggest using beta-blockers, calcium channel
antagonists, and opioids for this purpose. At the same
time, a study by Richardson et al. showed that the use of
PSV mode on awakening, immediately before extubation,
significantly reduces the severity of the cough reflex caused
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by the endotracheal tube than the mode of forced ventilation
or independent breathing without device support [35].

Our clinic has conducted a study on a similar topic. We
evaluated the frequency and severity of postextubation
cough, as well as the time of awakening and extubation
in patients who underwent routine general surgical
interventions under general combined anesthesia with
desflurane with tracheal intubation and myorelaxation at
the main stage of intervention. Patients who underwent
independent breathing with further transfer to the pressure
support mode after completion of the main stage of surgical
intervention, had severe and moderate coughs much less
frequently than patients on forced ventilation during the
whole duration of general anesthesia. At the same time, the
independent breathing group had shorter time intervals from
inhalation anesthetic switch-off to awakening, extubation,
and transfer to a ward [3].

Thus, the use of PSV at the final stage of anesthesia can
potentially reduce the severity of periextubation irritation
of the airways by the endotracheal tube, prevent the
occurrence of severe and recurrent cough. This approach
to respiratory support at the end of general anesthesia can
make this stage more comfortable for the patient, which
is an extremely important aspect of modern medicine.
However, there is no evidence in the literature whether a
pressure support regimen can improve gas exchange in the
early postoperative period, reduce the time of awakening,
extubation and transfer from the operating room.

CONCLUSION

In summary, the use of pressure support mode in an
operating room has quite a few positive effects, which include
improved oxygenation, faster awakening, transfer of a patient out
of the operating room, and greater comfort of the peri-extubation
period. However, we should not forget about some limiting
factors that require special attention from the anesthesiologist.
First of all, it is the dose of narcotic analgesic, obviously
individualized for each patient, at which the respiratory drive
capable of maintaining normal ventilation will be preserved.

It is also worth noting that the use of PSV mode in an
operating roomis not limited to the preoxygenation and induction
phase of general anesthesia, which is the subject of most
available articles. Such tactics of respiratory support can be
successfully and beneficially used at the main stage of general
anesthesia. Supraglottic airways can be used if the surgical
technique does not require the introduction of myorelaxants, as
well as at the final stage of general anesthesia, accompanied
by total myoplegia at the main stage.

Obviously, it is necessary to continue studying this
approach to intraoperative ventilation and its effect on

postoperative pulmonary complications, especially in patients
with existing respiratory pathology. In addition, further
research of this topic may allow to determine more precisely
the limiting doses of narcotic analgesics and anesthetics,
to develop additional requirements for intraoperative
monitoring. It also seems important to study this approach
in more traumatic surgical interventions, taking into account
the multimodal approach to intraoperative anesthesia (use
of non-opioid analgesics, combined anesthesia).
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. BCe aBTOPbI BHECIN CYLLECTBEHHDI
BKNapg B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f40BpUNN UHANBHYHO
Bepcuto nepep nybnukauuen.

KoHchnukT mHTepecoB. ABTOpbI AeKnapupytoT OTCyT-
CTBME SIBHbIX W MOTEHUMANbHBIX KOH(IIMKTOB MHTEPECOB,
CBA3aHHbIX C Nybrnukauuein HacTosLen CcTaTbMm.

UcTouHnk ¢uHancupoBaHusa. ABTOpbI 3asBNsOT 06
OTCYTCTBUM BHELIHEr0 (PUHAHCMPOBAHUS NpU NPOBELEHUM
“ccneaoBaHms.
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Abstract. Pathogens of nosocomial infections are formed in hospitals in conditions of close contact between individual
patients, as well as between patients and staff, which leads to the exchange of strains of microorganisms. In parallel,
the formation of antibiotic-resistant strains occurs against the background of intensive use of antimicrobial drugs. The
purpose of the review is to summarize the available modern literature data on the most common infectious pathogens
in intensive care units (ICU). The review presents data on the most frequently developing infectious complications in
the ICU and their causative agents. Data on the similarities and differences of the microbial spectrum depending on
the ICU profile are presented. Conclusion. Nosocomial infection of patients in intensive care units is characterized
by complex epidemiological and pathophysiological mechanisms of occurrence and development. An increase in the
frequency of release of multidrug-resistant microorganisms complicates the implementation of adequate antibiotic
therapy, including initial empirical antibiotic therapy, which significantly increases the role of preventive measures.
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MUKPOOpPraHu3mMoB. lMapannensHo Ha hOHe MHTEHCUMBHOTO NPUMEHEHNS aHTUMUKPOOHbIX NpenapaToB NPOUCXOAUT
(hopMMpOBaHNE aHTUBMOTUKOPESUCTEHTHbBIX WTaMMoB. Lienb o63opa — 0606WmuTh MMeLUecs CoBpeMeHHbIe
nuTepaTypHble AaHHble 0 Hanboree YacTo BCTPEYAKOLLMXCA B OTAENEHUAX peaHnMaL i 1 MHTEHCUBHOM Tepaniu
(OPWT) uHekumoHHbIX BO3ByanTensx. B 063ope npeactasneH 0630p nccnegoBaHuii, NOCBALLEHHBIX MUKPOBHOMY
npoduno OPUT 1 Ho30KoMMansHbIM MH@eKLuaM. MpuBeeHbl JaHHble 0 CXOACTBAX W Pa3nmyusx MUKpoBHOro cnek-
Tpa B 3aBucumocTy ot npoduns OPUT. BHyTpnboNbHNYHOE MH(ULMPOBaHME NaLUeHTOB OTAENEHNA peaHumaLmm v
WHTEHCWMBHOW Tepanuu XapakTepuayeTcs CNOXHbIMIA SMMAEMUONOrNYECKUMU 1 NaTOMU3NONOrMYeCcKUMU MeXaHU3Mamm
BO3HWUKHOBEHWS U Pa3BUTUS. YBENUYEHWE YaCcTOTbI BbIAENIEHNS MUKPOOPTaHU3MOB C MHOXECTBEHHOWN 1EKapCTBEHHOM
YCTOMYMBOCTBIO YCMNOXHAET NPOBEAEHNE afeKBaTHOM aHTMOMOTUKOTEpPaNuK, B TOM Y/ACHE 1 CTapTOBOM 3MMUPUYECKON
aHTMbMoTUKOTEPANUK, YTO 3HAYNTENBHO YBENWUYMBAET POfb NPOBELEHUS NPOUNAKTUYECKUX MEPONPUATIN.

KnioueBble cnosa: I/IHd)eKLl'VIM, dJaKTOpr pucKa, MHEBMOHNA, aHTNMOTE€HHbIE VIH(*)eKLl'VII/I, aHTVI6I/IOTVIKOpe3VICTeHTHOCTb,

OTAENeHNs UHTEHCUBHOM Tepanun

INTRODUCTION. CONCEPT OF HOSPITAL STRAINS

Rapid introduction of infection control measures and
rules of asepsis and antiseptics in modern hospitals has
led to evolution of both pathogenic and opportunistic
microorganisms, resulting in the selection of new, so-called
hospital strains.

A hospital strain is a microorganism that has changed its
genetic properties circulating in the department. As a result
of mutations or gene transfer (plasmids), it has acquired
some characteristic features that are not peculiar to the
‘wild” strain, allowing it to survive in hospital conditions.
Studies indicate that, as a rule, typical characteristics of
a hospital strain include resistance to antimicrobial agents
(antibiotics, disinfectants, antiseptics, etc.), increased
virulence, resistance in the external environment, the ability
to circulate for a long time in hospital conditions, enhanced
colonization and adhesive properties, competitive activity
and genetic uniformity [8]. Hospital-acquired infections
(HAIs) are formed in hospitals in close contact between
patients, as well as between patients and staff. Thus, there
is an exchange of microorganism strains. Simultaneously,
intensive and sometimes excessive use of antimicrobial
drugs leads to the selection of antibiotic-resistant strains.
As a result, a microecological situation characterized by
the dominance of certain strains of microorganisms and
the prevalence of antibiotic-resistant strains among them
is formed in medical institutions. Microbiological studies
show that the “landscape” of HAI pathogens dynamically
changes even within one intensive care unit (ICU), which
is associated with changes of operation mode in the clinic,
contingent of patients, intensity of the treatment process,
modes of antibiotic prevention and therapy [1, 3].

The most severe cases of healthcare-associated
infections (HCAIs) are connected with hospital strains.
The risk of mortality in patients infected with resistant

microorganisms is two to three times higher than in patients
with strains that are sensitive to antibacterial drugs. As
the duration of stay in a hospital lengthens, the likelihood
of patient's own microflora being replaced by hospital
microflora increases, and consequently, infections caused
by hospital microflora develop.

There are endogenous and exogenous sources of
healthcare-associated infections which are relevant for ICU
patients.

Endogenous sources of HCAIls are: obligate patients’
microflora of skin, urogenital system (UGS), gastrointestinal
tract (GIT), as well as foci of chronic infection that a patient
had prior to hospitalization. Endogenous infection can
occur in critically ill patients by translocation of intestinal
flora into the bloodstream and then into the area of surgical
intervention due to deep tissue hypoxia. Tissues can also
be contaminated by normal microflora of organs when
their integrity is violated during surgical intervention and
migration of microflora from the focus of chronic infection
resulting in purulent-septic process in the area of surgical
intervention.

Exogenous sources of HCAIs in ICU include hands of
medical personnel, invasive devices, medical equipment,
air, water and foodstuffs. The spread of infection may
be caused by a pathogen itself: there is evidence that
Enterococcus spp. is more likely to be transmitted by contact
through hands of personnel. Sources of P. aeruginosa can
be ventilators and other equipment, and infection with
S. aureus and K. pneumoniae is more often airborne,
through air ducts and staff hands. Hidden carriage of
Staphylococcus aureus among medical personnel plays a
major role in pathogenesis of HCAI. Literature also contains
data pointing to staff cell phones and stethoscopes as
sources of nosocomial infection [14].

In general, it is possible to identify a number of factors
associated with a high level of nosocomial infection in
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intensive care units: stay in ICU for more than 48 hours;
a large number of therapeutic and diagnostic manipulations;
emergency manipulations during resuscitation; duration of
ventilator support; intravascular and urinary catheters,
parenteral nutrition; frequency and duration of antimicrobial
drugs use; crowdedness of resuscitation beds in wards;
number of patients assigned to one medical worker; staff
turnover; unfair passing/conducting of periodic medical
check-ups; neglect of aseptic and antiseptic rules by
the staff when performing therapeutic and diagnostic
manipulations; inadequate disinfection and sterilization of
medical instruments and equipment; non-compliance with
isolation and restriction measures, if necessary; inadequate
delimitation of “clean” and “dirty” areas due to insufficient
space in the department; insufficient amount of sanitary
and technical equipment, consumables and disinfectants;
deterioration of medical equipment, non-compliance with
operating conditions.

AIM

The aim of the review is to summarize available current
literature on the most common infectious agents in intensive
care units.

STRUCTURE OF HEALTHCARE-ASSOCIATED
INFECTIONS IN INTENSIVE CARE UNITS

According to the EPIC (European Prevalence of
Infection in Intensive Care) multicenter survey conducted
in 17 European countries (1417 ICUs and 9565 patients
participated in the survey), catheter-related bloodstream
infections (CRBSIs) are among the top three leading
ICU-associated infections, along with catheter-associated
urinary tract infection and ventilator-associated pneumonia
(VAP).

Angiogenic infections, or catheter-related bloodstream
infections, are the third most common among all UTls
and the first among the causes of primary bacteremia
(up to 87%). The number of CRBSIs varies in different
departments and hospitals by structure and profile and,
according to various studies, ranges from 2.9 cases per
1000 days of catheterization in specialized ICUs and
up to 7.7 cases in general ICU patients [39]. Risks of
CRBSIs increase in direct proportion to the duration of
catheterization — at catheterization periods up to 7 days,
the development of infection is observed in 5% of patients,
and in 36% of patients if catheterization lasts for more
than 1 month. The association of sepsis with an infected
catheter, according to different data, ranges from 20 to
55% [44].

The greatest etiologic role in the development of
CRBSIs belongs to coagulase-negative staphylococci (34—
49.1%) and S. aureus (11.9-17%). Infections caused by
Enterococcus spp. (5.9-6%), Candida spp. (7.2-9%) and
Pseudomonas spp. (4.9-6%) are less common [7].

Two types of infection are possible in CRBSIs. The first
is extraluminal, when normal microflora of patient's skin
enters a bloodstream along an outer surface of a catheter.
This type of infection is typical (up to 60% of cases) for
short-term catheters and develops, as a rule, within the
first 10 days. If catheterization is prolonged and asepsis is
violated during catheter use or infusion solution preparation,
intraluminal infection is possible.

There are certain etiologic differences for extra- and
intraluminal CRBSIs. Extraluminal infections are more often
caused by coagulase-negative staphylococci, S. epider-
midis, S. aureus, Corynebacterium spp., and Bacillus spp.
Extraluminal infection with P. aeruginosa, Acinetobacter spp.
and Candida albicans is also possible in case it is brought
from the skin of medical personnel's hands. Intraluminal
CRBSIs are more often caused by Enterobacter spp. and
Citrobacter spp. [21, 29].

Ventilator-associated pneumonia (VAP) is a specific for
intensive care units, which is an inflammatory lung lesion
that develops not earlier than 48 h from the moment of
intubation and initiation of ventilatory support in the absence
of signs of pulmonary infection when ventilator support
is initiated [15]. During the first two days of ventilatory
support the risk of VAP is low (0.5%), after 72 h — already
50%, and by 8-10 days — 80%. Each subsequent day of
ventilator over the third day increases the number of cases
by 1-4%.

VAP is the most common CRBSI in ICU — it accounts for
up to 86% of all cases of nosocomial pneumonia in surgical
ICU patients. According to a number of studies, the average
incidence of VAP reaches 27% of all cases of prolonged
ventilation and remains practically unchanged over the last
20 years [33, 45].

VAP can develop due to exogenous or endogenous
infection. Exogenous sources ofinfectioninclude endotracheal
tubes, tracheostomy cannulas, breathing circuits, valves
and humidifiers of ventilators, inhalers, catheters used for
sanitation, and contaminated air. Endogenous infection
occurs via patient's own microflora — skin, nasopharynx,
oropharynx, sinuses, esophagus, stomach and intestines,
urinary tract and foci of chronic infection.

The most important risk factors for the development
of VAP are: prolonged ventilation (more than 72 h),
the severity of a patient's condition, repeated surgical
interventions, inadequacy of previous antibiotic therapy,
abdominal sepsis, chronic lung diseases, emergency
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surgery, unconsciousness of the patient, aspiration and
emergency intubation.

The incidence and nature of VAP caused by a particular
pathogen depends on the microbiologic landscape of a
particular ward. Microbial spectrum of possible pathogens
includes Gram-positive (S. aureus — 15-35%, S. pneumo-
niae — 10-20%) and Gram-negative flora (P. aeruginosa,
Enterobacteriacae spp., A. baumanii, H. influenzae, E. coli,
K. pneumoniae), to which a leading etiologic role belongs.
17-40% of VAP are polymicrobial [25].

Early and late forms of VAP are usually distinguished
according to terms of VAP development. Early VAP
develops during the first 5 days of hospitalization and is
associated with antimicrobial-sensitive pathogens and
favorable prognosis. Late VAP does not develop before the
6th day of hospitalization and is associated with a high risk
of multidrug-resistant pathogens [18].

Catheter-associated urinary tract infections (UTIs).
According to the Russian multicenter ERGINI study (2013),
urinary tract infections rank second in the structure of
nosocomial infections with a frequency of 16.7%. According
to the EPIC Il study (Vincent J.-L., 2009), UTIs account for
19.7% of all cases of CRBSI in ICUs of Eastern Europe. It
was found that 79-97% of UTls in ICU are associated with
urethral catheter placement [38, 41].

Urinary tract infections may be the cause of secondary
bacteremia or sepsis, risk factors for which include male
gender, immunosuppression, neutropenia, renal disease,
and malignancy. It has also been found that bacteremia is
significantly more frequent in nosocomial urinary infection
caused by enterococci and fungi of the genus Candida.

Urogenital pathogenic microorganisms causing urinary
tract infections in ORIT include gram-negative bacteria of the
Enterobacteriaceae family (primarily E. coli, K. pneumoniae,
Proteus spp.), A. baumanii, and P. aeruginosa; the group
of Gram-positive bacteria is represented by E. faecalls,
E. faecium, Staphylococcus aureus and coagulase-negative
staphylococci; fungi of the genus Candida have a definite
etiologic role in the development of urinary tract infections.
Anaerobic and atypical microorganisms are not etiologically
significant [16, 22].

ETIOLOGY OF HEALTHCARE-ASSOCIATED
INFECTIONS

The most clinically significant and common causative
agents of all types of HCAIs in ICU are a limited group
of microorganisms called ESKAPE — Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter  baumannii, Pseudomonas aeruginosa,
representatives of the order Enterobacteriales.

This statement is true both for the entire structure
of nosocomial infections and for infections registered
in intensive care units in particular [11]. According to the
data for 2020, the share of Enterobacteriaceae in the
etiology of HCAIs is 53.2%, the most frequent species are
K. pneumoniae (26.7%) and E. coli (14.6%), the share of
infection with P. aeruginosa and A. baumannii was 21.9 and
16.7% of all bacterial pathogens, respectively, S. aureus —
7.7% [3, 5].

Hospital biovars produced by HCAI pathogens may
include: Enterobacteriaceae (K. pneumoniae, E. cloacae,
E. coli) producing extended-spectrum B-lactamases (ESBL)
or carbapenemases; Pseudomonas aeruginosa which are
resistant to carbapenems and/or ceftazidime and/or cipro-
floxacin; Acinetobacter spp. resistant to carbapenems;
Staphylococcus aureus, Staphylococcus epidermidis resi-
stant to methicillin (MRSA — methicillin-resistant strain of
S. aureus) and/or vancomycin and/or ciprofloxacin and/or
B-lactamase-producing; Vancomycin resistant Enterococ-
cus spp. (VRE) — the main role belongs to E. faecalis and
E. faecium; Streptococcus pneumoniae resistant to B-lactam
antibiotics; Candida spp. resistant to fluconazole [20, 23, 26, 32].

In recent years, Enterobacteriaceae have been the
most frequent causative agents of HCAIls in Russian
hospitals. Microorganisms of this order demonstrate high
levels of resistance to antimicrobials, with resistance to
cephalosporins and carbapenems being of the greatest
clinical significance. Resistance of hospital-acquired
Enterobacteriaceae to cephalosporins reaches >80%,
mainly due to the spread of ESBL-producing strains [38].
According to 2020 data, the resistance of K. pneumoniae
and E. coli to ceftazidime amounted to 85.3% and 45.1%,
respectively. There is also an increase in resistance to
carbapenems, including those mediated by carbapenemase
production by hospital strains of Enterobacteriaceae. By
2020, 50.4 and 68.7% of K. pneumoniae strains and 4.7
and 5.8% of E. coli strains, were resistant to meropenem
and ertapenem respectively [19, 23].

In addition to antibiotic resistance of hospitalized
strains, increasing resistance of out-of-hospital strains
of Enterobacteriaceae is also a problem. According
to the 2018-2019 data, E. coli out-of-hospital isolates
were resistant to amoxicillin/clavulanate (41.4%) and
ciprofloxacin (37.2%), as well as to cefotaxime (32.2%),
cefepime (19.7%) and ceftolozane/tazobactam (3.8%)
mainly due to the production of ESBL [19].

Pseudomonas aeruginosa is the second or third most
frequent species after Klebsiella pneumoniae, followed by
Acinetobacter spp. in some hospitals. Genes of acquired
carbapenemases were detected in 42.4% of hospital-
acquired isolates of this microorganism, including: metallo-
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B-lactamases (MBL) of VIM and IMP groups — 83.2 and
0.8%, respectively; serine carbapenemases of GES-5
group — 15.2%; both MBL and serine carbapenemases
were produced simultaneously by 0.8% of isolates.
MBL producers were characterized by resistance to all
antimicrobials except aztreonam and polymyxins; GES-5
producers were resistant to most drugs except ceftazidime/
avibactam and polymyxins [23]. Pseudomonas aeruginosa
showed the greatest resistance to meropenem — 52.5%,
cefepime — 52.8%, ceftazidime — 55.0%, imipenem —
57.9%, piperacillin/tazobactam — 61.1%, ciprofloxacin —
63.2%. In 2020, Acinetobacter spp. (mainly Acinetobacter
baumannii) was the fourth most frequent species (14.3%)
after K. pneumoniae (26.7%), P. aeruginosa (16.5%) and
E. coli (14.6%). A. baumannii and related species have
significantly lower natural sensitivity to most B-lactam
antibiotics, including penicillins and cephalosporins, which
limits the choice of drugs with potential applicability for
therapy of infections caused by Acinetobacter spp. [23].
90.5% of A. baumannii isolates were found to have genes
for acquired carbapenemases, mostly belonging to
molecular class D (98.6%), which mediates resistance
to imipenem and meropenem. The vast majority of
isolates were also resistant to ciprofloxacin (98.1%),
amikacin  (91.8%) and gentamicin (82.7%). The
frequency of resistance to tobramycin and trimetho-prim/
sulfamethoxazole was 64.5 and 52.8%, respectively.

The proportion of HCAIls caused by Staphylococcus
aureus is 7.7%. In comparison with the earlier period of
observation, this can be characterized as a decrease.
The main problem of S. aureus resistance is resistance
to B-lactam antibiotics acquired through the production of
B-lactamases. According to multicenter Russian studies,
MRSA accounted for 24.9 to 66.9% of all infections caused
by S. aureus. The most effective antibiotics against this
pathogen are glycopeptides and lipopeptides (vancomycin,
telavancin, daptomycin), oxazolidinones (linezolid, tedizolid),
anti-MRSA cephalosporins (ceftaroline) and glycylcyclines
(tigecycline). All studied strains were sensitive to these
antimicrobials [19].

According to the guidelines “Diagnosis and antimicrobial
therapy of infections caused by multidrug-resistant strains of
microorganisms”, issued by the Association of Anesthesiolo-
gists and Resuscitators, there are specific risk factors for the
development of multidrug-resistant infections [8].

Risk factors for infections caused by Enterobacteria-
ceae — ELBS producers are: hospitalization during prior
3 months or current hospitalization; intake of antibiotics
(I-IV generation cephalosporins, fluoroquinolones) for any
reason during previous 3 months; staying in long-term care
facilities (nursing home, orphanage, hospice); hemodialysis;

comorbidity: Diabetes mellitus, liver cirrhosis, chronic kidney
disease (CKD) [17, 27, 35, 43].

Risk factors for infections caused by MRSA: known
high prevalence of MRSA in the ward where the patient
is located; previous (within 3 months) hospitalization with
surgical interventions and invasive procedures (especially
implantation of artificial materials and/or devices); taking
broad-spectrum antibiotics (fluoroquinolones, to a lesser
extent IlI-IV generation cephalosporins) for any reason
within the previous 3 months; presence of an intravascular
catheter; nasal carriage of MRSA,; intravenous drug abuse;
presence of trophic ulcers or pressure sores [17, 30, 36, 37].

Risk factors for infections caused by multidrug-resistant
P aeruginosa are: prior therapy with cephalosporins,
fluoroquinolones, and carbapenems; prolonged stay in
ICU; ventilatory support >4 days; sternotomy; presence
of bronchiectasis, cystic fibrosis; and presence of urethral
catheter [17, 28, 31, 34].

Risk factors for infections caused by carbapenem-resistant
Enterobacteriaceae are: known high prevalence of carbapenem-
resistant Enterobacteriaceae in a certain department; previous
carbapenem therapy; colonization of the patient's gut by
carbapenem-resistant Enterobacteriaceae [17, 40, 42].

Assessment of these factors is necessary when empirical
antimicrobial therapy is initiated, since the choice of the
optimal antimicrobial agent is directly related to probable
infection of a patient with multidrug-resistant strains [6].

REVIEW OF MICROBIAL LANDSCAPE STUDIES IN
INTENSIVE CARE UNITS OF DIFFERENT PROFILES

The share of each pathogen in the structure of HCAls
in ICUs is determined by the nature of the most frequent
forms of HCAIs, the profile of a hospital and a particular ICU.
Each medical institution is characterized by its own microbial
landscape: in surgical hospitals, S. aureus et epidermidis,
Streptococcus spp., P. aeruginosa, Enterobacter spp. are
more likely to cause HCAIs; P. aeruginosa and S. aureus
play a major etiological role in burn centers; herpes viruses,
cytomegaloviruses, Candida fungi and pneumocysts are
particularly dangerous in wards for haematology and HIV-
infected patients due to their immunosuppression [10].

Literature data also demonstrate differences in etiological
structure of HCAIs in intensive care units of different profiles.

According to a survey on the HCAIs etiology in neuro-
surgical ICUs conducted in 2017, Gram-positive flora was
responsible for 46.75% of HCAIs, Gram-negative flora — for
48.05%, and fungi — for 5.19% of cases.

The most frequently isolated Gram-negative pathogens
were K. pneumoniae (14.29%), A. baumannii (15.58%),
P aeruginosa (11.69%), and among Gram-positive patho-
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gens — S. aureus, E. faecalis and S. epidermidis; the total
share of these six microorganisms accounted for 80.51%
of all reported HCAIs during the observation period. The
Enterococcus spp. bacteria isolated were mainly represented
by E. faecalis (6.49%) and E. faecium [24].

A 2019 survey compares microbial landscapes of
neurological and surgical ICUs. Pseudomonas aeruginosa
and Proteus spp. were most frequently isolated in neurological
ICUs — 25.3% of cases for each strain. The proportion of
Enterobacter spp. was 16.3%, Staphylococcus spp. — 10%,
E. coli— 7.7%, Streptococcus spp. — 5,4%. In total, Gram-
negative flora caused HCAIs in neurological ICUs in 84.6%
of cases. The most frequent flora isolated from surgical
ICU patients and environmental objects were Pseudomonas
aeruginosa — 21.7%, Enterobacter spp. — 16.5%, Sta-
phylococcus spp. — 15.2% and Proteus vulgaris — 14.83%.
The proportion of gram-negative microorganisms was 78.3%.

Thus, a surgical ICU profile was associated with a higher
proportion of cefoperazone-resistant Gram-positive flora
(Staphylococcus spp., Streptococcus spp.).

In 2020-2021 there were performed a survey studying
etiological structures of HCAIs in surgical and therapeutic
ICUs,. However, the association between an increased
proportion of Gram-positive pathogens in surgical ICUs was
not confirmed. In both observation years, the proportion of
Gram-positive flora was higher in the therapeutic ICU —
39.4 and 31.5% versus 34.7 and 21.2% in the surgical ICU,
respectively. The dominant pathogens were representatives of
4 families: Moraxellaceae (15.6-33.3%), Enterobacteriaceae
(26.8-32.6%), Staphylococcaceae (17.7-23.5%), Pseudo-
monadaceae (4.9-11.9%). A significantly lower proportion of
infections caused by Pseudomonas aeruginosa (up to 11.9%)
draws attention in comparison with the previous survey [2].

Analysis of the microbial landscapes of general intensive
care units in two multidisciplinary hospitals also demonstrates
significant differences in Gram-positive flora prevalence.
A research performed in Omsk town in 2011 testifies to the
equal role of Gram-negative and Gram-positive microbiota in
the etiology of HCAIls. However, a similar study in Tula town in
2014 revealed the predominance of Gram-negative flora in the
structure of HCAIs (75% of cases). The leading etiological role
also belonged to different microorganisms: in the first study,
Klebsiella spp. (46%), E. coli (22%) and Enterobacter spp.
(17%) caused the largest number of cases, while in the second
study — P, aeruginosa (50%) and equal proportions of E. coli
and S. epidermidis — 17% of cases each [9, 12].

CONCLUSION

Nosocomial infection in ICU patients is characterized by
complex epidemiological and pathophysiological mecha-

nisms of emergence and development. The increasing
frequency of multidrug-resistant microorganisms complicates
the adequate antibiotic therapy of HCAIs, including the initial
empirical antibiotic therapy, which significantly increases the
role of preventive measures. The analysis of microbiological
monitoring data from different intensive care units revealed
significant differences in both the species structure and
sensitivity to antimicrobials of isolated microorganisms. There
were no specific microbial landscape features which would
be specific to certain ICU profiles. Thus, it is necessary to
develop internal protocols for empirical antimicrobial therapy
and perioperative antibiotic prevention individually for each
ward/hospital. Therefore, regular analysis of the microbial
landscape and drug susceptibility profiles of detected
microorganisms is important. It should be noted that an
individual and comprehensive approach to ICU nosocomial
infection is needed. This approach, which should take
into account local characteristics of the microflora species
composition, can provide a reliable reduction in overall and
attributable mortality, as well as reduce the length of stay of
patients in these departments.
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AONONMHUTENBbHAA UHOOPMALINA

KoHnukT nHTepecoB. ABTOpbI 3asBNSOT 06 OTCYTCT-
BWW KOH(IUKTA UHTEPECOB.

Bknag aBTopoB. Bce aBTOPbI B paBHON CTEMEHM y4yacT-
BOBasM B pa3paboTke KOHLENUWN CTaTbi, MONYYEHUN 1 aHa-
nu3e akTUYEeCKNX AaHHbIX, HanMCaHuM U pegakTMpOBaHU
TEKCTa CTaTbl, NPOBEPKE W YTBEPXKAEHUN TEKCTA CTaTbM.

dTnyeckoe yTBepxaeHue. He Tpebyetcs.

WUHbopmauusa o mHaHCUpoBaHMKU. ABTOPLI 3asiBNS-
toT 00 OTCYTCTBUM BHELUHETO (DMHAHCMPOBAHWS NPY NPOBE-
AEHUM UCCNe0BaHMS.

[leknapauus o Hanu4MM AaHHbIX. YCnoBue JOCTyna K
AaHHbIM HENPUMEHUMO — HOBbIE AaHHbIE HE TEHEPUPYIOTCA.
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Abstract. This lecture material was created to familiarize future functional diagnostic doctors with the basics of the
Holter monitoring (HM) method — not only resident doctors, but also experienced doctors of other specialties during
retraining. This article provides a biography of the founder of this method, Norman Holter; methodology and sequence
of examination; sections such as indications for chemotherapy, the main parts of the analysis of daily monitoring are
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Pe3tome. [JaHHbIi NEKLMOHHBIN MaTepWUan co3gaH 4ns 03HakoMeHus BygyLwmx Bpaveit yHKLMOHANbHON AnartHo-
CTUKW C OCHOBaMU METOAa XONTEPOBCKOrO MOHUTOPUPOBaHUS (XM) — He TONbKO Bpavein-opanHaToOpoOB, HO 1 yxe
OMbITHbIX JOKTOPOB APYrUX CNeLnanbHOCTEN NPy NPOXOXAEHUN NepenoaroToBKkX. B cTatbe npusogutcs buorpadms
OCHOBOMOJOXHMKA AaHHOro MeToaa HopmaHa XonTepa, METOAMKA M NOCNeA0BaTeNbHOCTb NPOBeAeHMS 06crneaoBa-
Hus. OTMeueHbl Takne pa3gensl, kak nokasaHus K XM, OCHOBHbIE YacTy aHanm3a CyTOYHOrO0 MOHUTOPUHrA: YacToTa
CEepPAEYHbIX COKpaLLEHWN, LMPKaaHbIA NHAEKC, PUTM W €r0 HapyLUEHWs, ULLEMUS MOKapaa, anbTepHauus 3ybua T,
a Takxe uHTepean Q-T. B nekuun npeacTaBneHbl UCTOPUYECKME PUCYHKM 1 NPUMEPBI U3 MPOTOKOMNOB no XM.

KnioueBble cnoBa: xonTepoBckoe MOHUTOpUpOBaHue, HopmaH XonTep, CyTo4HOe MOHUTOpUpoBaHue SKI
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One thing no one can take away from you is what
you know.

The tombstone inscription on the monument

to N. Holter

Holter monitoring (HM) has gained wide popularity in
clinical practice — today HM is used in almost 100% of
cardiac patients and very widely in other clinical entities.
HM is one of the electrocardiography (ECG) techniques.
However, the interpretation of ECG by means of HM has a
number of significant features and limits, compared to the
traditional 12-channel resting ECG. Therefore, separate
attention and lecture material is required to improve
educational, therapeutic and preventive processes.

BIOGRAPHY OF NORMAN HOLTER

Norman Holter was known as an inventive engineer,
physicist, chemist. He had a passion for photography, bio-
telemetry, but what is most valuable — he made an invaluable
contribution to the development of medicine (Fig. 1).

Norman’s grandfather and father were entrepreneurs,
they owned mines. The scientist's mother suffered from
rheumatoid arthritis and often travelled long distances in
search of an effective cure for her disease. This may have
encouraged N. Holter to develop his talent in the field of
medicine.

Fig.1. Norman Jeff Holter [1]
Puc.1. Hopman [xedpc Xontep [1]

Norman Holter attended Carroll College, the University
of California, Los Angeles, where he received a master’s
degree in physics in 1937 and a master's degree in
chemistry in 1938, after graduating from the University
of Southern California. Before defending his thesis,
his supervisor Emil Starz said: “I know you will make
discoveries in your chosen profession, conscious of the
fact that science will still hear from you in the years to
come. | wish you success and fortitude to definitively
prove your knowledge”. Holter later graduated from the
University of Heidelberg in Germany, the University of
Chicago, the Oak Ridge Institute for Nuclear Research
and Oregon Medical School. During World War I, Holter
served as a senior physicist in the U.S. Navy, studying the
physical characteristics of ocean waves.

Fig. 2.  The original Holter biotelemetric apparatus, manufactured
in 1947. It was used to broadcast electroencephalograms
and electrocardiograms using coarse heavy battery

equipment of almost 40 kg [1]

Puc.2. OpuruHanbHbin GuoTenemeTpuuyeckuit annapat Xonre-
pa 1947 r. Bbinycka. Mcnonb3oBanca Ans TpaHCNALUM
3nekTpoaHuedanorpaMmMbl M 3NEKTPOKapAMorpamMMbl ¢
ucnonb3oBaHMEM Tpyboro TAXKENOoro akKyMynsiTOpHOro

obopyaosaHusa Becom noutu 40 kr [1]
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Fig. 3.
Puc. 3.

Visual use of one of the first XM ECG devices [2]

HarnsigHoe ucnonb30BaH1e 0[HOrO M3 NepBbIX NPUGOPOB
XM KT [2]

In 1946, he led a government research team testing an
atomic bomb at Bikini Atoll. Upon returning home, Norman
began mapping radioactive fallout of nuclear tests carried
out by the United States and the Soviet Union. The Atomic
Energy Commission subsequently engaged Holter to re-
search the hydrogen bomb at Eniwetok Atoll.

In 1956 the development of nuclear medicine
began — radioisotope diagnostic methods were used for
the first time. N. Holter was one of the first to realize
the therapeutic possibilities of radiation. He believed
that radioactive substances should be used in medicine.
Probably, that is why he decided to organize the Montana
Nuclear Medicine Society, where nuclear medicine
began. Holter was the president of the Society for nearly
13 years.

In 1939, Holter began working with Joseph E. Gengerelli.
The idea behind the work was to induce muscle contraction
without mechanical or electrical contacts. The scientists
reproduced muscle contraction by applying an alternating
electric field to a nerve. After confirming their idea, they
came to the conclusion that an electric field excites a nerve,
and the nerve itself creates a magnetic field that can be
registered. In 1961, it became technically possible to confirm

their theory. J.E. Gengerelli and N. Holter conducted their
experiments on rats, stimulating their brains at a distance:
they implanted electrodes in the skull and attached a
miniature radio receiver, and then observed the behaviors
of the test animals when playing with the radio at different
frequencies.

The out-of-the-box thinking led Holter to develop a
method for long-term recording of electrocardiograms with
data storage and the ability to analyze them in the future
(Fig. 2).

In 1947, Norman established the Holter Research
Foundation with his own funds.

Officially, HM was created in 1961, when the American
journal Science published an article by Holter entitled
‘A New Method of Cardiac Research. Practical use of
prolonged electrocardiography in patients in the active
period”’. The cassettes and batteries used at that time
made it possible to record one ECG channel continuously
for 10 hours.

In 1962, joint work with Dr Eliot Corday began at
Cedars-Sinai Hospital (Los Angeles), where the first clinical
prototype of the Holter monitor was tested. The device
was tested on 200 patients with ischemic changes and
extrasystole.

The result was a classic publication in the Journal
of the American Medical Association (JAMA) issued in
1965 “Detection of Hidden Arrhythmias and Transient
Electrocardiographic Abnormalities” (Fig. 3).

The method has been actively used in clinical practice
since 1963.

METHOD DEFINITION AND USED TERMINOLOGY

In Russia, the terms “Holter monitoring” (HM) or “daily
monitoring” (DM ECG) are used.

In the USA and Europe, the method is more commonly
referred to as “outpatient ECG monitoring”, “dynamic
electrocardiography”, * Holter moni-

toring”.

daily ECG monitoring”,

WORK SEQUENCE

1. Preparation of a monitor for work (installation of
accumulators, batteries, checking their charge and cable
suitability, preventive maintenance of the monitor).

2. Preparation of a patient, explanations, selection of a
research protocol.

3. HM ECG examination.

4. Receipt of data, their processing, evaluation by a
doctor of functional diagnostics, drawing a conclusion.

5. Data archiving (if necessary), data erasure.
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Fig. 4.

Puc. 4.

VARIANTS OF THE EQUIPMENT USED

IV intercostal space
on the back

Twelve standard ECG leads (chest electrodes are located at standard points C1-C6, and electrodes from the limbs are transferred
to the ends of the clavicles and to the iliac crests) (A); three orthogonal leads for recording late ventricular potentials according to
Simpson (B); system of monitor leads Vim, V5m, Y, most suitable for diagnosing rhythm disturbances (B); the V4m, V6m, Y system
is most suitable for diagnosing myocardial ischemia (D). The colors of the electrodes are indicated: Zh — yellow; B — white; Ch —
black; S — blue; Z — green; Core — brown; Kr — red

[BeHapuatb cTaHAapTHbIX oTBeaeHun K (rpyaHbie aneKTpoabl pacnonaralTcs B CTaHAapTHbIX Touykax C1-C6, a anekTpoabl ¢
KOHEYHOCTEN NePEHOCATCH Ha OKOHYaHUA KNIYUL M Ha rpebHM NoAB3AOWHBIX KocTel) (A); TP OpPTOroHanbHbLIX OTBeAEHUS Ans
perucTpaumm No3gHMX XenyaoykoBbIX nNoTeHunanoB no CumncoHy (B); cuctema MOHMTOPHLIX oTBedeHui Vim, V5m, Y, makcu-
ManbHO NpUroaHas Ana AMarHOCTMKM HapyleHuin putMa (B); cuctema V4m, V6m, Y MakcumanbHO npurogHa ansi AMarHOCTUKU
nwemun muokapaa (). O6o3HayeHb! LBeTa anekTpogoB: X — xentbiih; B — Genbliit; Y — yepHblin; C — cuHUIA; 3 — 3eneHbIi;
Kop — kopuyHeBbIit; Kp — kpacHbIn

and |l standard leads, which are close to the cardiac

orthogonal axis directions.

1. Monitors with permanent recording.

2. Monitors with intermittent recording (event re-
corder), including implantable loop heart rate recorders
that can monitor ECG rhythm for months with wireless
transmission to a service centre.

LEAD SYSTEMS USED

Two or three-channel ECG recording: two bipolar
modified leads VI and V5 or three leads such as V5, AVF

1. The most orthogonal system of 7 electrodes with
formation of three leads: type V5, AVF and V3, reflecting
three axes — horizontal, vertical and sagittal ones.

2. Systems of three ECG leads formed by seven
electrodes are increasingly used and are the closest to
Frank’s orthogonal system.

3. In recent years, almost all manufacturers have
marketed monitors with the ability to record 12 ECG
channels, identical to the 12 channels on the resting ECG
or stress test (Fig. 4) [3].
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INDICATIONS FOR DAILY ECG MONITORING

The indications for daily ECG monitoring are as follows [3].

Class |

1) Patients with unexplained syncopal and presyncopal
states or episodic dizziness (with no identified noncardiac
cause).

2) Patients with unexplained recurrent heart palpitations.

Class Il

1) Patients with episodic dyspnoea, chest pain or
unexplained weakness.

2) Patients with neurological pathology if transient atrial
fibrillation/atrial flutter is suspected.

3) Patients with symptoms such as syncopal and
presyncopal states, episodic dizziness or palpitations for
which a different (non-arrhythmic) cause has been identified
but symptoms persist despite receiving aetiotropic treatment.

Class Il

1) Patients with symptoms such as syncopal and
presyncopal states, episodic dizziness or palpitations who
are determined to have another cause on examination.

2) Patients with cerebrovascular disorders without other
evidence of arrhythmia.

AIM

1. Heart rate (HR) per day, daytime and nighttime, their
ratios.

2. Variability of R-R intervals (analysis of autonomic
regulation and adaptation mechanisms of circulatory system
regulation) and Q-T interval.

3. Rhythm and conduction disorders (calculation of their
number and characteristics).

4. Adequacy of antiarrhythmic therapy (if arrhythmia is
reduced by 75% — the treatment is adequate), control of
other types of treatment.

5. Changes in repolarization (ischemic, dystrophic
ones).

6. Evaluation of the effectiveness of electrocardio-
stimulation (ECS).

7. Evaluation of ventricular late potentials.

8. Assessment of exercise tolerance.

N : zsfm/c. i wd=1 e
Example of maximum HR

I

V4

N : 25 /e, | Nbel CH

tﬂwsolz 26.04 05: 30; MCC:36; RRep: 1666 ucs ST V4 2

106; ST Y :42; ST V6 113 wxd

Example of minimum HR

180
&0 : :
12:12:01 09:51:20
Fig. 5.  Graph of heart rate values [40]
Puc. 5. Tpaduk 3HaueHuin YCC [40]
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RHYTHM AND ITS ABNORMALITIES
IN HEALTHY INDIVIDUALS

Assessment of HM results begins with the estimation of
the HR [3]. Average daily parameters, as well as maximum
and minimum values of HR per day are distinguished
(Fig. 5).

Note that the rhythm in HM ECG differs from the standard
ECG throughout the day.

Average daily HR reaches 70-100 beats per minute
(in women — 83-86, in men — 79-86). There is also a
correlation with age (Table 1) [4-6].

The average overnight HR varies between 55-70 beats
per minute (64-70 in women, 56-62 in men), nocturnal HR
reflects the “baseline rhythm” and is little affected by age.

Table 1

The average daily values of the percentile (%) distribution
of heart rate (bpm) in XM in healthy individuals aged
20-90 years [3]

Tabnuya 1

CpenHecyTouHbIe 3HaYeHMA npoueHTUnbHOro (%)
pacnpepenexua YCC (ya./mut) npu XM y 3a0poBbIX Ny
20-90 neT [3]

CIRCADIAN INDEX

The circadian index (CI) is defined as the ratio of
daytime HR to nighttime HR.

There is no significant sex-age difference in healthy
individuals, and this index is 1.24-1.44 [7].

An increase in Cl is observed in the following conditions:
pronounced vagotonia in the evening and at night, persistent
sinus tachycardia during the day (emotional, physical stress,
vagotonic sinus node dysfunction). Reduced CI: persistent
sinus tachy-, bradycardia, rigid rhythm (sinus node weak-
ness syndrome, diabetic cardiovascular autonomic neuro-
pathy, tetraplegia, heart transplantation, etc.).

NB! A functional diagnostician should check sleep
time in an HR chart.

Depending on the obtained CI, a circadian profile of
a patient is derived. In a normal circadian profile, the ClI
corresponds to 1.24-1.44. Rigid circadian HR profile (signs of
“autonomic denervation”) corresponds to Cl <1,2. Enhanced
circadian profile or increased sensitivity of heart rhythm to
sympathetic influences corresponds to Cl >1.45 [3].

In contrast to standard ECG, the variation of adja-
cent R-R intervals is higher. Possible variants of sinus
arrhythmia in DM ECG are: mild — RR fluctuations up
to 15% (more often in the elderly), moderate — with RR
fluctuations of 50-100%; severe — fluctuations of more
than 100%, which makes it almost impossible to detect

D Y SRR T T PR T PR EEE TP

. . . . . . .
.. . . . : . . .

e geeeeenne P qeeeeeeee R eeecenna Seeeeane I e
. H . . . . . .

I 1000 : 978 : D884

Boapact (neT) / YCC (ya./muH) / Heart rate (bpm) SINUS ARRHYTHMIA
Age (years) 50% 5% 95%
20-29 79 56 104
30-39 78 55 103
40-49 78 54 102
50-59 76 53 100
60-69 77 52 99
70-79 72 51 98
80-89 3 49 97 sinoauricular blockade.
t 197; ::s.nc 1:3:50; u'_cc:n; ?m:p:u.s xc; ST v4 :3:7; ST v: :15; sr Ve ::u B
o ORRwel 8] 1328 i el
~
e
o
vz 25.«/(:. l w=1 a(
Fig. 6. Migration of the rhythm driver [40]

Puc. 6. Murpaumns Bogutens putma [40]
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NB! It is more correct to use the term “pauses on the
background of sinus arrhythmia” and to take into account
their duration: up to 1.5 s — in 31-68% of healthy people,
1.5-2 s — in 25% of young men, over 2 s —in 1-2% [3, 7, 8].

When detecting prolonged pauses, it is necessary to dis-
tinguish clinically significant pauses from clinically insignificant
ones. Thus, pauses over 2 s are considered pathologic and
require further follow-up examination. Pauses of 1.5 s or
more should be treated with caution in elderly patients.

PACEMAKER MIGRATION

Rhythm driver migration across the atria is detected at
night in the majority of healthy people (54%), and is more
characteristic for young people. Rhythm driver migration to the
AV junction (“nodal” rhythm) is rare in healthy people — 2-9%
and is a reason for further examination (Fig. 6) [9, 10, 40].

AV CONDUCTION AND ITS DISORDERS

AV conduction disorders occur in healthy patients in 2-8%
of cases, they are usually asymptomatic (at night — on the
background of bradycardia). AV-blockade of the | degree is
the most frequent, Il degree AV-blockade of the Mobitz 1 type
is less frequent.

NB! Increase of P-Q interval on the background of
bradycardia (HR less than 50 per minute) up to 240-
260 ms is natural and should not be interpreted as AV
conduction disorder.

RHYTHM DISTURBANCES

Special software decodes a 24-hour recording and
presents a total number of complexes as “normal”, “ventricular”,
“artifactual” and “unknown” (other variants are possible), as
well as arrhythmia classes [3]. All arrhythmia classes should be

assessed and confirmed visually by an experienced clinician

who is familiar with features of arrhythmia assessment in HM.

It is important to keep in mind possible false-negative and

false-positive detections of arrhythmias.
According to the ACC/AHA guidelines, the following

reasons for such identifications are emphasized [11]:

1) inadequate algorithm of computerized detection and
identification of QRS complexes;

2) “noise” and flooding, electrode displacement, artifacts;

3) low recording voltages;

4) recording defects due to violation of recording speed or
recording to another carrier;

5) physiologic variability of QRS complex shape and voltages;

6) incomplete deletion or erasure of a previous recording
from the carrier;

7) inadequate or incorrect technical interpretation during
the analysis;

8) incorrectly time labeled [3].

Arrhythmia analysis

According to the results of various studies, supraventricular
extrasystole (SVE) is registered in adults in 56% of cases during
HM in healthy individuals [3, 12-15]. In healthy individuals,
ventricular extrasystole (VES) is recorded in 70% of adult patients
in the same studies [16, 17]. In healthy individuals, single paired
extrasystoles and volleys of ventricular tachycardia of no more
than three consecutive contractions are also registered (Fig. 7, 8).
It is important to take into account that no more than four
consecutive complexes will be considered as group extrasystole.
If there are 5 or more complexes, it is legitimate to speak
about a tachycardia paroxysm [7]. It should also be noted that
identification of SVE and LES from each other seems obvious,
but in practice it is not so simple, although it is very important.

ST SEGMENT ANALYSIS IN HOLTER MONITORING

It is important that the rhythm is sinus rhythm. Initial ST
segment displacement should not exceed 0.1 mV, in morphology

t 17; DB.02 14:34; YCC: 49; RRcp: 1224 wc;
364

V5

V: 25w, i wdel cn

Fig. 7.
Puc. 7.

Single supraventricular extrasystole [40]
EnvHunyHas cynpaBeHTpUKynsipHas akcTpacuctona [40]

ST V6 :12; ST Y :62 Nx8
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Fig. 8.  Single ventricular extrasystole [40]

Puc. 8. EpuHuyHas xenypoukoBas akcTpacucrona [40]

it should be with a positive T tooth. For adequate assessment

of the ST segment, the height of the R tooth in the monitored

lead should be =210 mV. Patients with evidence of left ventricular
hypertrophy (LVH), signs of preexcitation, left bundle branch block

(LBBB), or nonspecific intraventricular conduction abnormali-

ties with a delay of 20.10 s are not suitable for assessment of

myocardial ischemia by CM. The leads selected for ischemia
monitoring with CM should not have Q teeth of 20.04 s duration
and a pronounced baseline ST segment shift. It is necessary
to exclude the influence of drug therapy on the study period

(cardiac glycosides, antiarrhythmics, antidepressants).
Ischemia is identified as a sequence of the following

ECG changes: horizontal or oblique ST segment depres-

sion 20.1 mV with gradual onset and termination that lasts

for at least 1 minute.

Kodama classification [18] is most commonly used
in practice in order to confirm and describe myocardial
ischemia during HM:

1. Horizontal or descending ST segment decrease of
0.1 mV at a point 80 ms from the J point and lasting at
least 1 minute. The sensitivity of the criteria for men is
93.3% and specificity is 55.6%; for women it is 66.7%
and 37.5%, respectively.

2. ST segment elevation of 0.1 mV lasting 80 ms from the
point J.

3. Episodes of ST elevation and ST segment depression.

4. ST/HR index that is equal to 1.4 mV/ud/min. Sensitivity
of ischemia detection — 80%, specificity — 64.7%.
Ellestad criteria [19] for describing an episode of

myocardial ischemia during HN are also used:

1. Horizontal or oblique ST segment depression that
lasts 80 ms after the end of the QRS complex. J point
depression should reach at least 1 mV.

2. Oblique slow ST segment depression that lasts at least
80 ms from the J point, the ST segment that is 80 ms
away from it should be reduced by at least 2 mV.

The ST segment, as well as HR, is subject to circadian
influences. Thus, during daytime and morning hours, the ST
segment may have a slanting shape with J point depression

under increased sympathetic influence. At night hours,
saddle-shaped ST segment elevation may be registered as
a result of vagus influence [3].

In practice, it is very important to distinguish true myocardial
ischemia from false-positive or false-negative myocardial
ischemia. According to ACC/AHA (American College of
Cardiology / American Heart Association) guidelines, the fol-
lowing causes of false identifications are distinguished [3]:

1) ST segment positional changes;

2) hyperventilation;

3) sudden significant ST segment changes at the peak of
physical activity;

4) vasoregulatory or vagus (Valsalva) induced ST segment

changes;

intraventricular conduction disorders;

undiagnosed left ventricular hypertrophy;

ST segment changes due to tachycardia;

false-positive ST segment changes on the background

of atrial fibrillation;

9) ST segment changes due to electrolyte disorders;

10)inadequate formation of leads for recording;

11) incorrect calibration of leads;

12)signal recording system that changes ST segment.

All these reasons must be taken into account during
medical interpretation of HM. It is not allowed to rely blindly
on machine identification!

A marked oblique ST depression with a J point decrease
of more than 1 mV is absolutely normal in tachycardia. Mo-
reover, ST elevations over 1 mV may be recorded in severe
bradycardia and early repolarization syndrome/phenomenon.

It is important to remember that changes in the T wave
(final ventricular deflection) are often nonspecific. Visual
alternation phenomenon is also interesting. It is an alternation
of positive and negative T wave, and it indicates a high
degree of myocardial electrical instability [3]. International
Recommendations for the Prevention of Sudden Cardiac
Death (SCD) [20, 21] include the assessment of Q-T
interval and visual alternation of the T wave during HM (A of
evidence) in the first class of indications in risk groups.

5)
6)
7)
8)
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There are two methods of estimating the MAT (microvolt
alternation of the T wave) — these are spectral and temporal
ones. The spectral (Conventional Spectral based method or
Cambridge Heart method) method can be used only in stress
test and transesophageal stimulation when a certain HR is
reached [22] and is not suitable for analysis during HM [23].
The temporal method of MMA (Modified Moving Average)
can also be used in HM [24]. Studies [25, 26] have shown
that a cut-off point value of MMA above 65 microvolts (uV) is
associated with a risk of high mortality in the adult population
[23]. MMA values should not exceed 55 PV in healthy
individuals in all age groups [27]. In case MMA values are
higher than 65 pV in adults and 55 pV in children, they can be
reflected in the HM report as a manifestation of myocardial
electrical instability and can be interpreted as a risk factor for
the development of life-threatening arrhythmias [3].

EVALUATION OF THE Q-T INTERVAL
DURING HOLTER MONITORING

Q-T interval estimation is an extremely important
element in the analysis of HM. According to international
guidelines for the prevention of sudden cardiac death (SCD)
[20], assessment of the Q-T interval during HM is a 1A
grade indication to perform HM in individuals with a high
risk of developing life-threatening rhythm disturbances [3].

The range of normal values of the Q-T interval during
HM is still debatable. It is known [3] that the clinical standard
for resting ECG s the calculation of corrected Q-T interval
(Q-Tc) using the Bazett formula (Q-T/the square root of
the preceding RR interval) or (much less frequently) the
Fredericia formula (Q-T/cubic root of the preceding interval)
R-R [3]. However, only maximum absolute Q-T interval
can be determined during manual analysis of HM, which is
measured at the minimum HR. According to different data
[3, 28-38], it can be concluded that the maximum values
of the mean daily Q-Ts in healthy individuals at automatic
calculation in different HM systems do not exceed 450 ms
in adults and 480 ms in children. Sex differences are
presented in Table 2.

Table 2
Sex differences between Q-T and Q-Tc in HM [3]
Tabnuua 2
Monosbie pasnnuna Q-Twn Q-Tc npn XM [3]
WuTepsan, mc/ ng l'_"'ej:l?l': / KeHwwHb! / MyxumHbl /
Interval, ms Py Females (n=28) | Males (n=29)
Total
Q-T 367118 36818 367117
Q-Te 409+15 417412 401+13

Dynamic evaluation of daily adaptation parameters of
Q-T interval to HR also deserves attention. The so-called
QT-dynamics is performed to identify the parameters of
daily adaptation of the Q-T interval to HR, i.e. the higher the
slope QTIRR (slope QT is a method of manual calculation of
Q-T interval duration), the more the Q-T interval shortens
during tachycardia and lengthens during bradycardia, and
vice versa [3]. Based on this approach, the concept of
“hyper- and hypoadaptation” of Q-T to HR was proposed,
which defines “hyperadaptation” at values of daily slope QT/
RR greater than 0.24 and “hypoadaptation” at its values
less than 0.13 [34]. “Q-T hyperadaptation” is characteristic
for patients with heart failure, myocardial infarction and
the third type of Q-T prolongation syndrome, “Q-T
hypoadaptation” — for patients with Brugada syndrome and
the first type of Q-T prolongation syndrome.

ANALYSIS OF VENTRICULAR LATE POTENTIALS

This technique is based on the analysis of low-amplitude
(less than 20 pV), high-frequency (over 20-50 Hz) signals
at the end of the QRS complex — ventricular late potentials
(VLPs), reflecting delayed, fragmented activity occurring in
heterogeneously changed myocardium. The program auto-
matically processes the QRS complex with the help of time-
domain analysis. On the basis of the latter, a conclusion is
made if there are signs of VLPs. It is worth mentioning that
the method was supposed to be used in HM for complex
analysis of heart rhythm. However, a certain number of
technical difficulties, such as the presence of artifacts
and variability of adhesion, do not allow to introduce the
technique into standard programs in HM. Even now,
according to our experience, qualitative analysis of VLP
is possible only when using the most modern computer
algorithms of decoders in commercial HM systems.

Thus, according to the automatic analysis of VLP in HM,
we can distinguish two groups of patients: with or without
late potentials [39]. The following parameters served as a
criterion for late potentials in HM:

1) totQRS (QRS duration) 2120 ms;

2) rMS40 (QRS amplitude of last 40 ms) <25 pV;

3) LAS40 (duration <40mV) 239 ms. Patients with myocar-
dial infarction appeared to have a circadian rhythm of

LAS registration [3].

DRAWING A CONCLUSION

The main task of a functional diagnostics doctor is
to provide a treating physician with the most objective
document which must reflect all parameters of the exa-
mination.
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The conclusion should reflect:
1) the rhythm registered during the observation period,
rhythm change (in hours and minutes);
2) HR dynamics (according to Cl), max and min HR during
the day and night;
3) heart rate variability indices (reflection of VNS activity);
4) detected rhythm and conduction disturbances (quanti-
tative and qualitative assessment) not only in the report
itself, but also in the arrhythmia graph (distribution per
day), as well as in the protocol with visual examples;
ST segment changes (ischemic, dysmetabolic, mixed type);
6) assessment of Q-T interval variability, VLP (if possible);
7) assessment of exercise tolerance.

o
~

NB! The purpose is to relate these indices to each
other, to correlate them with subjective feelings of a
patient according to his diar

CONCLUSION

This lecture contains basics required to analyze the
results of Holter ECG monitoring. Holter monitoring provides
information that cannot be obtained by analyzing an electro-
cardiogram recording of a few seconds. It is a flexible and
informative tool in talented and professional hands.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOPbl BHEC/M CYLIECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHne nccneosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 04o6pUNu uHaNbHYH0
Bepcuto nepen nybnukayyen.

KoHnukt mHTepecoB. ABTOpbI [EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuK chmHaHCcMpoBaHuA. ABTOpbI 3asBRsOT 06
OTCYTCTBWW BHELIHEro (hMHaHCMPOBaHWUS NP MPOBEAEHUM
“ccnegoBaHus.
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ABNAIOTCA U3OATENBCKUM OTOBOPOM
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(POCKOMHA[3OP), ceugetensctao: MM Ne ®C77-74228 ot 02 Hosl-
6ps 2018 . (paHee M Ne TY78-01869 ot 17 mas 2016 r.), uMeHyemol
B AanbHelwem «Pefakuns» 1 SBMSIOWENACS CTPYKTYPHBIM Nogpas-
aenexnvem Oreoy BO CN6IMMY Munaapasa Poccun, 1 aBTopom
/un aBTOPCKNUM KONNEKTUBOM (MnM UHBIM NpaBoobnagarenem), uMe-
HyeMbIM B ianbHeiLeM «ABTOPY, MPUHABLUMM Ny6RMYHOE Npeanoxe-
Hue (oepTy) 0 3akntoueHun Jorosopa.

ABTOp nepepaeT Pefakuun Ans n3gaHust aBTOPCKUIA OpUTMHan
WIN PYKONUCh. YkasaHHbIA aBTOPCKNA OpUrMHan AOIKEH COOTBET-
cTBoBaTb TpeboBaHUsAM, ykasaHHbIM B pasgenax «[peacrasnexue
pykonucy B xypHan», «Ocopmnenune pykonucuy. Mpu paccmoTpe-
HWAW MOMYyYeHHbIX aBTOPCKMUX MaTepuanoB XXypHanm pyKOBOACTBY-
eTcs «EguHbiMm TpeboBaHUAMM K pyKOnNMCAM, NpeLcTaBNsieMbIM B
6romeguumHckue xypHanbl» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals. Ann Intern Med. 1997;126:36-47).

B XypHane neyatatoTcs paHee He onybnnkoBaHHble paboTbl No
npodunio XKypHana.

)KypHan He paccmaTpuBaeT paboTbl, pe3ynbTaThl KOTOPbIX MO
Gonblueit yactn yxe Bbinn onybnMKoBaHbl UM ONMCaHbl B CTa-
TbsIX, NPEACTaBMEHHbIX UK NPUHATLIX ANS ny6nukauum B gpyrue
neyaTHbIE UMM 3NEKTPOHHble CPeCcTBA MAcCoBOM MHOpMaLK.
MpencTaBnss cTaTblo, aBTOP BCErga AOMKeH CTaBUTh PefakLmio B
M3BECTHOCTL 000 BCEX HanpaBMeHWUsiX 3TOW CTaTbi B NeyaTb W O
npeabloyLLMX Ny6nukaLusx, KOTOPbIE MOryT paccMaTpuBaThbCs Kak
MHOXeCTBEHHble Uy Aybnupyowme nybnukauuu Ton xe camom
Unm oveHb 6nnakon paboTbl. ABTOP AOMKEH YBEAOMUTL pefakLmio
0 TOM, COZEPXNT NN CTaTbs yxe onyOrMKOBaHHbIE MaTepuansl, u
npefocTaBUTb CCbIMKW Ha NpeablayLlyt, 4Tobbl faTb peaakuuu
BO3MOXHOCTb MPUHSATb PELLeHIe, Kak MoCTYNUTb B JAHHOW CUTya-
uuu. He npuHUMaloTCs K nevatu ctatby, NpeacTasnsiowme cobomn
OTAenbHble 3Tanbl He3aBepLUEHHbIX UCCNeJoBaHNiA, a Takxe cTa-
TbY C HapyLleHnem «[paBun 1 HOpM rymaHHoro obpatlienns ¢ 6uo-
obbekTamu uccnefoBaHuMiy.

PasmeLleHne nybnnkaLmii BO3MOXHO TONbKO NOCE NOMyYeHNs
MONOXMTENbHON PELIeH3N.

Bce ctatbu, B TOM Yucne cTaTby aCNUPaHTOB U JOKTOPaH-
TOB, Ny6nukytoTca 6ecnnaTtHo.

Mogava cratem B xypHan «Russian Biomedical Researchy
OCYLLeCTBNSAETCSA NO agpecy aNeKTPOHHOW nouTbl avas?@mail.ru ¢
nomeTkon «ana Russian Biomedical Research» nnu yepes cant
https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus k oTNpaBKe cTaTei

Mepen 3anonHeHWEM aHKeTbl aBTOpaM PeKOMeHAyeTCst MOAro-
TOBWTb BCe HeobxoauMble Ans BBOAA [aHHblE, a Takxe BbiOpaTh
aBTopa (B cnyyae konnekTusa aBTopoB ctatbu), OTBETCTBEHHO-
IO 3A NEPEMWCKY. [ina ycnelwHoro 3anofHeHns aHkeTbl He06-
XOAMMO UMETb BCH YKasaHHYI0 MHGOPMALMIO U Ha PYCCKOM, W Ha
aHIMMNCKOM A3blKaXx.

Bce Ha3BaHMs Ha aHTMNIACKOM sA3blke, BKNOYas Ha3BaHWS
CTaTbW, Ha3BaHWUS YUYPEXAEHWA, NX NOoApa3AeneHnin QOSKHbI
npuBOAMTLCS C NponucHbix byks (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpemMeHHO B COOTBETCTBUM C
ouumanbHbIMK HauMeHoBaHUAMN 6e3 caMoAesaTenbHOCTH.

AHKeTHble JaHHble Bcex aBTopoB — Vima OtyectBo Pamunus
(NonHOCTbI0), yYeHas CTeneHb, 3BaHNe, LOMKHOCTb, MeCTO paboThl
(kadbenpa, OTAENEHUE), HA3BaHWE YYpeXOEHWS, afpec yypexae-
Husi, e-mail, ORCID, SPIN-koa, TenedoH, ®MO aBTopa, oTBETCT-
BEHHOTO 3a NEPEnuCKY, W T.4. — 3anoNHSTCS B COOTBETCTBYHOLNX
nonsx opmbl 3asBku. Pe3tome, kno4eBble CNOBa 1 HasBaHWe cTa-
TbY TaKXe 3anomHsI0TCS OHNaNH.

CraTbs 4OMKHA COOTBETCTBOBATH NpaBKIaM 0POpMIEHNs cTa-
Tel K ny6nukaumm (CM. Huxe).

K kaxgon ctaTbe npunaraetca gann OKCNepTHOro 3aknio-
yenus (33). Ans astopos CI6MMIMY 33 MOXET TONbkO MOA-
nUCbIBATLCS aBTOpPaMW CTaTbW, nevyaTb Heobsa3aTenbHa. [ns
aBTOPOB APYrux yupexpeHnun 33 odopmnsercs obg3aTensHo
NOMHOCTbI, C MevaTaMu (kpyrnas nevatb yypexgeHus) u nog-
NUCAMN pYKOBOAMTENEA U KOMWUCCUA [aHHOTO Y4YpexAeHus.
3anonHeHHbIN, NOANUCAHHBIA U «omeYyaTaHHblity 6naHk 93 ang
OTNpaBKU OHNaliH NMpeABapuUTENbHO CKaHUpyeTcs unu GoTo-
rpacupyetca. Obpasey 33 moxHo ckavath (https://gpmu.org/
science/pediatricsmagazine/Russian_Biomedical_Research, BbnaHk
3KCMEPTHOTO 3aKN0YEHMS).

OTnpaBneHHble aHKeTHbIE JaHHble aBTOPOB, CTaTbs, I3 NoCTy-
nawT Ha E-mail aBTopy-0TnpaBuTento (4ns NoaTBEPXAEHNS W Npo-
Bepky 0TnpaBkm) 1 Ha E-mail pegakuum scrcenter@mail.ru TexHnyeckomy
penakTopy xypHana «Russian Biomedical Researchy, ¢ koTopbiM ocy-
LeCTBNSIETCS BCA AanbHelillas paboTa no NogroToBke CTaTbil B NeYatb.
Bce Bonpockl N0 0TnpaBke CTaTeit MOXHO aipecoBaTh Ha 3MEKTPOHHbIN
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agpec screcenter@mail.ru TexHUIeckoMy peaakTopy xypHana «Russian
Biomedical Research» Mapuu AnekcaHapoBHe MaxoMoBoA.

Pykonuch cuutaeTcss noctynulueir B Pepakuuio, ecnm oHa
npeAcTaBneHa KOMMEKTHO U 0hopMNIeHa B COOTBETCTBUM C OMU-
CaHHbIMKU TpeboBaHuamu. [peaBapnUTeNbHOE PacCMOTPEHNE PYKO-
nucu, He 3akasaHHon Pepakuunen, He sBnsieTcs akToM 3akrove-
HWUS MeXAY CTOpoHaMu u3aatensckoro lorosopa.

Mpu NpeacTaBneHun pykonuck B XKypHan ABTOpbI HECYT OTBETCT-
BEHHOCTb 3@ PackpbiTe CBOWX (PMHAHCOBBIX M APYrUX KOHIMKTHBIX
WHTEPECOB, CNOCOBHbIX OKas3aTb BRMsHWE Ha ux paboty. B pykonucy
LOMKHbI ObITb YNOMSIHYTHI BCE NULIA W OpraHu3aumy, okasasluve du-
HaHCOBYH MOALEPXKKY (B BUAE TPaHTOB, 0BOPYAOBaHNS, NEKAPCTB Ui
BCEro 3T0ro BMECTE), a Takke Apyroe PMHAHCOBOE M fIMYHOE yyacTue.

B KoHue kaxpgoi cTaTbi 06s3aTeNbHO YyKa3blBalTCS BKNafg
aBTOPOB B HanuUcaHue CTaTby, NCTOYHUKM (IMHAHCMPOBaHNS (€Cnn
WMeKTCsl), OTCYTCTBUE KOH(NUKTA MHTEPECOB, HanMyne cornacus
Ha nyBrnuKaLuio co CTOPOHbI NaLMEHTOB.

MpaBuna ocopmnenns craten kK ny6nmkauum

CrtaTtbA NpefocTaBnseTcs B ANEeKTPOHHOMN chopme (hann MS
Word Bepcuu He cTapue 2003, T.e. ¢ paclwmpernem doc), wpndt —
14, vHTEpBan — NONYTOPHbIN.

®ann cratbu HasbiBaeTca no Gamunuu NepsBoro aBTopa, Ha-
npumep, Mearos.doc unu Petrov.doc. Hukakux gpyrux cnoe B Ha-
3BaHWM He JOMKHO ObITh!

OpWeHTMPOBOYHbIE pa3Mepbl CTaTby, BKNOYAs ykasaTenb nu-
Tepatypbl, Tabnuubl u pestome, — 10-12 cTpaHuy TekcTa Yepes
nonTopa uHTEpBana unm 20-25 Teicsy 3HakoB ¢ npobenamu. Peko-
MeHayeMmblin pasmep 063opa — 18-20 cTpaHuML, «MaLLIMHOMUCHOTO»
TekcTa unm 35-40 Tbicay 3HakoB ¢ npobenamu. MpumepHoe Yncno
NnUTepaTypHbIX CCbINOK ANs aKCnepuMeHTanbHon cTaTtbit — 20, Ans
0630poB 1 npobnemHbIx ctatein — 50.

®dain ctaTby JOMKEH codepKaTb

HA PYCCKOM U AHITIMACKOM A3bIKAX:

+  3arnasve (Title) fomkHoO GbITh kpaTkum (He 6onee 120 3Hakos),
TOYHO OTpaXatLLMM CofepKaHne cTaTbu.

« Csegenns o6 asTopax (nybmukytotes). [Ansd Kaxgoro asTopa
YKa3blBAIOTCA: haMunus, UMs U OTYECTBO, MECTO PaboTbl, Mo-
4ToBbIN agpec mecta pabotbl, e-mail, ORCID, SPIN-koa. ®amu-
N aBTOPOB PEKOMEHAYETCS TPaHCMMTEPUPOBaTb Tak Xe, Kak
B npeablaywmx nybnukauusx, umm no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.

* Pesiome (Abstract) (1500-2000 3Hakos, unu 200-250 cnos)
noMmeLLaloT nepea TeKCTOM cTaTbk. Pestome He Tpebyetcs npw
nybnukaLmun peLeHanit, 0TYETOB O KOH(EPEHLMSX, MHGopMaLy-
OHHBIX MUCEM.

ABTOpCKOE pe3toMe K CTaTbe SIBMSIETCS OCHOBHBIM UCTOYHMKOM
WHOpMaLMN B OTEYECTBEHHBIX M 3apybexHbIX MH(opmaLm-
OHHbIX cucTeMax W 6as3ax AaHHbIX, UHOEKCUPYIOLLUX XypHan.
Pestome poctynHo Ha caite xypHana «Russian Biomedical
Research» u nHaeKCMpyeTcs CEeTEBLIMI NMOUCKOBLIMM CUCTEMA-
Mu. /3 aHHoTauuM AormkHa ObiTb NOHATHA CyTb UCCMEA0BAHMS,
HYXHO N 0BpaLLaThCs K NOHOMY TEKCTY CTaTby A4S NONyYeHNs

Oonee noppobHON, MHTEpPecyloWwen ero uHcdopmaummn. Pesiome
[OMKHO M3naraTb TONbKO CYLLECTBEHHbIE (aKTbl PaboThbI.
PekomeHayemas CTpykTypa kak aHHOTauuu, Tak W camoil cTa-
o IMRAD (gns opwruHambHbIX UMCCNeAoBaHWA CTPYKTypa
obsizatensHa): BBegeHue (Introduction), matepuansl v MeToabl
(Materials and methods), pesynbtatel (Results), obcyxaeHune
(Discussion), BbiBogb! (Conclusion). Mpeamer, Temy, Lenb pabo-
Tbl HYXHO yKa3blBaTb, €CAIM OHW He ACHbl U3 3arnaBus CTaTby;
MeToZ MMM MeTOLOMOrMio NpoBefeHns paboThl LienecoobpasHo
ONUCHIBATb, ECIN OHW OTNINYAIOTCS HOBU3HOM MMM NPeACTaBNSAT
WHTEpeC C TOYKM 3peHns AaHHoM paboTbl. O6bem TekcTa aB-
TOPCKOroO pe3roMe ONMpeaenseTcs copepxaHueMm nybnukaumm
(obbEMOM CBEAEHWN, UX HAY4YHOW LIEHHOCTHIO M/MNW NpaKTude-
CKUM 3HayeHueMm) n JomkeH ObiTb B npegenax 200-250 cnos
(1500-2000 3HakoB).

+ Knioyesole crnosa (Keywords) ot 3 go 10 knmto4eBbIX CroB Wnu
CMOBOCOYETAHNA U3 2—-4 cnos, koTopble ByayT cnocobcTBOBaTH
nNpaBUNbLHOMY NMEPEKPECTHOMY MHAEKCMPOBAHWIO CTaTbu, NoMe-
LjatoTes nog pesiomMe C nogsaronoBkoM «KniouveBble CroBay.
Vicnonb3yinTe TEPMWHBLI W3 CMIMCKA MEAWMUMHCKUX NpeaMeTHbIX
3aronoskoB (Medical Subject Headings), npueaeHHoro B Index
Medicus (ecnu B 3TOM CnMcKe elje OTCYTCTBYKT MOAXoZsLie
0003HaveHus Ans HeJaBHO BBELEHHbIX TEPMWHOB, nopbepute
Hanbonee 6nuakue 13 umetolmxcs). Kniovesble crosa pasgens-
t0TCA 3ansToN.

« TekcT cTaTb MOXET ObiTb HamucaH nubo Ha pycckom, nubo
Ha aHrmUICKOM fA3blKe, Takke BO3MOXHa nybnukauus ctatbh C
MOMHbIM NepeBogoM. Ha pycckoM M aHrMACKOM si3blkax Heob-
XOAMMO NPEeAOoCTaBUTb BCE PUCYHKM 1 Tabnuubl (3aronosky, Bce
Haanueu, a Takke TekeT Tabnuy A0MKHBI UMETb NEpeBos).

B pasgene «MeTtoauka» 06s3aTeNbHO YKa3blBAOTCA CBEAEHUS O
cTaTucTudeckon obpaboTke aKCNEPUMEHTANbHOTO UMK KNUHUYe-
cKoro maTepuana. EauHULBI n3MepeHns falTest B COOTBETCTBUM
¢ MexpayHapogHoit cuctemon eanHuy — CU. ®amunum uHo-
CTpaHHbIX aBTOPOB, LNUTUPYEMble B TEKCTE PYKOMUCK, NPUBOAAT-
Csl B OPUIMHANBbHOM TPAHCKPUNLMK.

Tabnuubl M PUCYHKM NPUBOAATCS HEMOCPEACTBEHHO B TeNe cTa-
TbW, KaXabI U3 KOTOPbIX UMEET HOMep W Ha3BaHue ¢ obsasaTenb-
HbIMW CCbINIKAMW Ha HUX B TEKCTe CTaTbM — B KOHTEKCTe npef-
NOXeHWs (HanpuMep: «...kak NokasaHo Ha puUcyHke 1...») unu B
KOHLie MPeamnoXeHns B KPyrmbix ckobkax (Hanmpumep: «...BbisiB-
neHa nonoxXuTenbHas KOppensLMOHHas CBA3b YMEPEHHO CTe-
nenm (r=0,41) mexay yposHem TTI maTepy U HOBOPOXAEHHOMO
(pnc. 2)»; npocbba yunTbIBaTh, YTO B NEYATHOI BEPCUN XypHana
puCyHKW ByayT BOCNPOM3BOANTLCS B YepHO-6€MOM BapuaHTe.

+  Cnucok nuTepatypbl 0653aTenbHO NPUBOANTCS B NOPSAKE YNOMU-
HaHws.

TekcT cTaTby JOMmKeH ObITb MOATOTOBMEH B CTPOrOM COOTBETCTBIM
C HaCTOSALLMMM NpaBUnamMu 1 TLLATeNbLHO BbiBEPEH aBTOpoM. B criyyae
0BHapyXeHWs 3HaUNTENBHOTO KONMYECTBa oneyaTok, HebpexHocTex,
NYHKTYaLMOHHBIX 1 opdhorpadmyeckmx owmboK, HepaclngpoBaHHbIX
COKpalLLieHWit, OTCYTCTBUS OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3aro-
NOBKOB TabnuLy, NOAPUCYHOYHbIX MOANUCEN, HAAMUCEN Ha PUCYHKaX,
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INFORMATION

TeKcTa Tabnuy, 1 Apyrux TEXHUYECKUX AetheKToB 0thopMIIeHIs cTaTen
pefakLys BO3BpaLLAeT cTaThio aBTopy Ans AopaboTkn. Hebonbluve
MorpeLLIHOCTY pefakLms MOXeT UCTpaBUTL cama Be3 cornacoBaHus ¢
aBTOPOM. Pefjakums ocTaBnsieT 3a cOboN NpaBo OCYLECTBREHNS N~
TEpaTypHOro 1 TEXHUYECKOrO PeaKTMPOBaHus CTaTel.

CokpatieHuin, kpome obuieynotpebutensHblx, cnegyet nsbe-
raTb. CokpaLLeHns B Ha3BaHWUN CTaTbi, Ha3BaHUSAX TabNUL, N pUCYH-
KoB, B BbIBOZAX HefonycTumbl. Ecnu ab6pesumatypbl UcnonbayoT-
CS1, TO BCE OHW JOITKHbI ObITh HEMPEMeHHO paclundpoBaHbl MOMHO-
CTbH NpM NEPBOM KX YNOMUHAHUM B TEKCTe (Hanpumep: «Hapsay ¢
AaHHbIMK 0 POH (pe3nayanbHo-0opraHnyeckon HefocTaTouHOCTH),
obycnosnusatoweit passutne KC (runepkMHETUYECKOro CUHAPO-
Ma), pacLUMpeH AuanasoH UCCneLoBaHNA N0 SHAOTEHHO Npupoae
[aHHOTO CUHAPOMaY.

Bce untuposanusa nponssoasaTcs cneaylom obpasom:

®WO aBTOpa, rof 13gaHus 1 npoyas MHPOpMaLMs He yTOMUHAOTCS
B TekcTe. BMeCTo 3T0ro ykasblBaeTcst CCbinka Ha MCTOYHMK NUTepaTypbl
B BUJe HOMepa B kBaapaTHbIX ckobkax (mpumep: «Paa uccneposartenen
OTMEYaeT Pa3fyHbIe HAPYLLEHUS PeyeBbIX (YHKLMIA MPK anunencun B
JeTckom BoapacTte [17, 21, 22].»), KOTOPbI BKMKOYEH B pacCTaBNEHHbIN
B Nopsiake ynomuHaHus (1, 2, 3 ¥ T.4.) CIMCOK UCTOYHWKOB B KOHLIE CTaTbM.

Bce cCbInKu LOMKHBI UMETb COOTBETCTBYHOLLMIA UCTOYHUK B CMU-
CKe, a Kaxbli UCTOYHUK B CINCKE — CCbISIKY B TEKCTE.

B Buae uckmioyeHus B Tekcte moryT npusoanTtbes GUO KkoH-
kpeTHbIX aBTopoB B hopmate N.0. Gamunng, rog n gaxe Hassa-
HWe UCTOYHMKA, HO MpW 3TOM BCe paBHO obsi3aTenbHa ccbinka (B
KBafpaTHbIX CkoBKaX B KOHLE NPEASIOKEHNS) HA UCTOYHNK, BKIHO-
YeHHbI B cnucok nutepartypbl. (Hanpumep: «B 1892 rogy Benukuit
OpacTt lamunbToHCKMI onucan B cBoem 6eccmeptHom Tpyae «O6
OTKPbITUW TPETHErO YXa y YenoBekay TPeTbe (HenapHoe) yxo» [34].)

Nutepatypa (References)

YuutbiBas TpebOBaHWS MeXAYHApOAHbIX CUCTEM LWUTUPOBa-
HWUS, CNNCOK NUTepaTypbl NPUBOANTCS HE TOMNbKO B 0ObIYHOM BUIE,
HO TakXe 1 AONONHUTeNbHO B NepeBeJeHHOM Ha AHTTIUACKNIA A3bIK
(References).

B cTaTbe NpMBOAATCA CCHINKM Ha BCE YNOMUHAEMbIE B TEKCTE
UCTOYHUKN.

damunuy v MHULMansl aBTOPOB B NPUCTATENHOM CMICKE NPUBO-
AATCA B NOPSAKe YNOMUHAHWS.

B onucaHum ykasbiBatoTcs Bce aBTOpbI Ny6nukayuu.

Bubnuorpacmyeckmne cebinkn B TEKCTE CTaTbi JAlOTCA B KBaA-
paTHbIX ckobKax.

Ccbinku Ha Heony6nnkoBaHHble paboTbl He JOMYCKaTCS.

Cnucok nutepaTypbl KOMNNIEKTYETCA B Cneayowem nopsake:

HopmamueHbie akmbi

MMpukasbl, HOpMaTUBHblE aKTbl, METOANYECKME NUCbMA W NpO-
yMe 3aKOHHble aKTbl, MaTeHTbl, NONe3Hble MOAENN He BHOCATCS B
CNUCOK NIUTEpaTypbl, 0hopMnAtOTCS B BULE CHOCOK. CHOCKa — npu-
MeyaHue, NoMeLlaeMoe BHU3Y CTpaHULbl (MOCTPaHWYHas CHocka).
3HaK CHOCKM CTaBaT Uudpoii nocne dparmeHTa OCHOBHOTO TEKCTA,
r4€e ecTb ynoMuHaHue ob aTux UCTo4HMKax. PekomMeHayeTcs CKBO3-
Hasi HyMepawns CHOCOK MO TEeKCTY.

MHmepHem-pecypc

1. UIHTepHeT-pecypc, rae eCTb Has3BaHWE WCTOYHMKA, aBTop,
BHOCMTCS B CMUCOK NIUTepaTypbl (B nopsiake andasuTa) ¢ ykasaHu-
eM faTbl 0bpaLyeHns (CM. Hike npumep ohOpPMAEHMs).

2. Ecnu ecTb TOMbKO CChifka Ha canT, oopmMseTcs noacTpoy-
HOe NpuMeYaHue (CHocka), ¢ ykazaHuem Aatbl obpalleHus.

Lernos /. Hackonbko Benuka ponb MUKpodnopsl B 6ronorum
BNAa-x0351Ha? XKuBble CUCTEMbI: HAaYYHbI 3NEKTPOHHBIN XypHan.
JoctyneH no:  http:/lwww.biorf.ru/catalog.aspx?cat_id=396&d
no=3576 (gata obpauieHus 02.07.2012).

Kealy M. A., Small R. E., Liamputtong P. Recovery after caesarean
birth: a qualitative study of women’s accounts in Victoria, Australia. BMC
Pregnancy and Childbirth. 2010. Available at: http://www.biomedcentral.
com/1471-2393/10/47/ (accessed 11.09.2013).

Mpumepbl ochopmneHus nutepaTypsbl

KHuea:

tOpbeB B.K., Monceesa K.E., Mnywierko B.A. OcHoBbI 06LLECTBEH-
HOro 340p0BbA U 3apaBooxpaHerus. Yuebruk. CI6.: CneuJlut; 2019.

Hukudpopos O.H., pea. CankT-lMeTepbypr B 2021 rogy. CI6.:
lMetpocTar; 2022.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in humans
as well as in cattle. Uppsala; 1994.

masa u3 kHueu:

Tytenbsn B.A., Hukutiok 1.6., WapadetanHos X.X. 3noposoe
nUTaHne — 0CHOBa 340POBOro 06pasa XM3HU U NPOPUNAKTUKN Xpo-
HNYECKMX HEWMHMDEKLMOHHBIX 3aboneBaHuit. B kH.: 3gopoBbe moso-
[eXu: HoBble BbI30BbI M nepcnektuebl. T. 3. M.; 2019: 203-227.

Cmamba u3 XypHana:

Kapcatos A.M., MonynuHa H.B., Mornyaes T.K. besonacHocTs na-
LIMeHTOB B xupyprim. YacTb 2: lNporpamma MeHemKMeHTa KayecTBa
Xvpypriyeckoro nevenus. MeguumHckue texHonorun. OueHka v Bbl-
Bop. 2019;1(35):56-65. DOI: 10.31556/2219-0678.2019.35.1.056-065.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord injection
with autogenous fat: a long-term magnetic resona. Laryngoscope.
1996;106(2,pt 1):174-80.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ovarian
reserve as measured by serum anti-Mdllerian hormone and
small antral follicle count using three-dimensional ultrasound.
Ultrasound Obstet Gynecol. 2012;39(5):574-580.

Tesuckl 0oknados, Mamepuarsbi Hay4YHbIX KOHepeHyul:

Mapkosckas W.H., 3aBbsinosa A.H., KysHeuosa 0.B. MukpoGHbii
neisax MmauueHTa MepBOro rofa Xu3HW ¢ aucdarnein, AnuTensHO
Haxogsawerocs B OPUT. XXX KoHrpecc LeTckux racTpo3HTepororos
Poccim u ctpaH CHI™: Tes. gokn. M.; 2023: 29-31.

Canos W.A., MapuHywkuH [1.H. Akywepckas TakTuka npu BHY-
TpuyTpOBHOI MMbenu nnoga. B kH.: MaTepuansi IV Poccuiickoro ¢ho-
pyma «Matb u gutax». Y. 1. M.; 2000; 516-519.

Asmopeghepamsl;

Aswunos A.l0. [leBnauuy nonoponeBoit UAEHTUYHOCTU MYXYWH C
YMCTBEHHOW OTCTanoCTbio B YCMOBUSX MCUXOHEBPONOMMYECKOrO WH-
TepHaTta. AsToped. Auc. ... kaHg. ncuxon. Hayk. C6.; 2021,
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OnucaHue uHmepHem-pecypca:

EctectBeHHoe aBukeHne Hacenenus. Mocksa: Poccrat. [o-
ctyneH no: https://rosstat.gov.ru/folder/12781 (gata obpalyerus:
23.10.2023).

World Health Organization. Prevalence and incidence of selected
sexually transmitted infections — 2008. Geneva: World Health
Organization; 2012. Available at: https://aefsg.ch/wp-content/uploads/
who-9789241503839_eng.pdf (accessed 11.04.2024)

lMepeBopa u TpaHcnUTepaLyms

B 3aBucumocTy OT cuTyaumu cnegyet nnbo npoBoaUTb TpaHCHu-
Tepauuto (Mncatb UCXOHbIe HeaHrNos3bI4HbIE CoBa byKkBaMM poMaH-
cKoro andaswTa), Moo ykasbiBaTb NEPEBOS, HEAHTNOA3bIYHOM MHGOP-
MaLmu 0 NepBoMCTOYHMKax B References.

Ecnu uuTpyemas ctatba HanucaHa Ha naTUHUUE (Ha aHrui-
CKOM, HEMELKOM, WCMaHCKOM, WTamnbsiHCKOM, (DUHCKOM, AaTCKOM W
ApYrux s3blkax, MCNONb3YHOLLMX POMAHCKMI andasuT), CCbINKy Ha Hee
crenyeT NpUBECTU HA OPUTMHANBHOM A3blke onyBnukoBaHus. Mpumep
(cTaTbs B HOPBEKCKOM XYpHamne Ha HOPBEXKCKOM Si3bIKe):

Ellingsen A.E., Wilhelmsen I. Sykdomsangst blant medisinog jus-
studenter. Tidsskr Nor Laegeforen. 2002;122(8):785-787. (In Norwegian).

Ecnu cTaths HanucaHa He Ha maTUHMUE (Ha Kupunauue, B TOM
YuCne Ha PYCCKOM), HYXHO MPUBECTU OULMarnbHbIA NepeBod Ui
BbINOMHUTL TPAHCMUTEPALMO B POMaHCKMA andasuT. [nsg KHUr He-
00X0aMMO B 3TOM Cryyae MpWBECTU TPaHCMMTEPaLM0 Ha NaTUHMLLY.
B KoHLEe onmucaHus B ckobkax ykasaTb A3bIK N3AaHWS.

Ceblinka Ha UCTOYHUK nuTepaTypbl B References moxet coctosTs og-
HOBPEMEHHO U W3 TPaHCTMTEPUPOBaHHBIX 3nemeHToB (Hanpumep, ®VO
@BTOPOB, Ha3BaHWst XypHAIOB), U 13 NEPEBOAHBIX (Ha3BaHWe NybrnvkaLm).

CraHgapT TpaHcnuTtepaumu. [pu TpaHcnuTepaLun pekoMeHay-
eTcs ucnonb3osath ctaHgapT BSI (British Standard Institute, UK). [ns
TpaHCnMTEPaLWMN TEKCTa B COOTBETCTBUM CO CTaHgapToM BSI moxHo
BOCMOMb30BaThCA ceblnkon hitp://ru.translit.ru/?account=bsi.

®UO0 aBTOpoOB, pegakTopoB. amMunum 1 MHULMArbI BCEX aBTO-
POB Ha naTuHULe CneayeT NPUBOANUTL B CChIMKE Tak, kak OHW AaHbl B
opurvHanbHom nybrvkauuu. Ecnm B opurvHanbHoOM nybnvkauumn yxe
6binu npuBeaeHsl Ha natuHuue OO aBTOPOB, B CChIKE HA CTaTbl
cnepyeT ykasblBaTb MMEHHO 3TOT BapuaHT (HE3aBMUCUMO OT UCMONb30-
BaHHOW CMCTEMbI TPAHCMMTEPaLW B NePBOMCTOYHMKE). ECrin B odm-
LiMarnbHbIX UCTOYHMKAX (Ha CalTe XypHana, B 6a3ax AaHHbIX, B TOM Yi-
cne B eLIBRARY) ®M1O aBTOpoB Ha naTuHuLe He NpUBELEHbI, CneayeT
TPaHCNMTEPUPOBATL UX CAMOCTOSTENBHO NO cTaHAapTy BSI.

HasBanue ny6nukaumun. Ecnu y untupyemonn Bamu pabotsi cy-
LeCTBYET OhuLManbHblii NEPEBOA HA AHTIMACKWA A3bIK UK aHrmo-
A3bI4HbIV BapUaHT Ha3BaHWA (ero cneayeT UckaTb Ha CanTe XypHana,
B 6a3ax gaHHbIX, B ToM yucne B eLIBRARY), cnegyeT ykasaTb MMEHHO
ero. Ecnn B ochuLmanbHbIX MCTOYHWKaX HasBaHue nybrnvkaumm Ha na-
TUHULE HE MPWBELEHO, CreayeT BbINOMHUTL TPAHCIUTEPALMIO B PO-
MaHCKWin andaeuT no ctaHgapty BSI.

Ha3BaHue u3paHua (kypHana). Hekotopble He aHrnos3bluHbIE
Hay4Hble M3OaHus (KypHarbl) UMEKT KPOME Ha3BaHWs Ha POAHOM
A3blke ouLUManbHOE «napannenbHoe» Ha3BaHue Ha aHrMUICKOM (Ha-
npumep, y XypHana «CaxapHblii auabeT» ecTb ouLmansHoe aHrmo-
A3bl4HOe Ha3BaHue «Diabetes Mellitusy»). Takum obpasom, ans cnucka
References B ccbinke Ha CTaTbio 3 PYCCKOSA3bIYHOTO XypHana cneayeT

yKkasaTb nubo TpaHCNMTEPUPOBaHHOE Ha3BaHMe XypHana, mbo nepe-
BoAHoe. [NepeBoaHOE Ha3BaHME XypHana MOXHO B3sTb n1bo ¢ oduum-
anbHOro caiTa XypHana (Unn UCnonb3oBaTb AaHHbIE O MPaBUITbHOM
HanUCaHUM aHrNOA3bIYHOTO Ha3BaHWs W3 LUTUPYEMON cTaTbi), nbo
npoBepuTL ero Hanuune B 6ase gaHHbIX, Hanpumep B CAS Source
Index, 6ubnuoteke WorldCat nnm katanore Web of Science (ISl), ka-
Tanore HassaHuit 6asbl gaHHbIX MedLine (NLM Catalog). B cnyuae,
KOrzia y JypHana HeT oh1LManbHOro Ha3BaHUs Ha aHITUACKOM S13bIKe,
B References HyxHo npueoauTs TpaHcnuTepaumio no cucteme BSI. He
crnefyeT camoCTosATeNbHO NEPEBOAUTL Ha3BaHWS XypHaNoB.

MecTo n3ganus. MecTo usgaHus B cCbinkax Bceraa cnegyer yka-
3blBaTh Ha AHITIMIACKOM $i3bIKe 1 MOHOCTbI0 — He B TPaHCIUTepaLum
1 6e3 cokpatermin. To ectb Moscow, a He «Moskvay n He «M.:», Saint
Petersburg, a He «Sankt Peterburg» n He «SPby.

HasBanue uspatenbctBa/msgartens. B otnuume o1 mecTa usga-
HUs,, Ha3BaHue 3aaTenbCcTBa Ans ceblok B References cnepyer Tonbko
TPaHCMUTEPMPOBATB (3a UCKIOYEHNEM KpaiiHe PeAKUX CTyYaeB Hanmums
Yy n3gaTens napannensbHoro 0hMLManNbHOMO aHroA3bIYHONO Ha3BaHus).

Mpumepbl nepeBoAa PyccKOA3bIYHbIX UCTOYHUKOB NUTE-
paTypbl ANA aHINOA3bIYHOIO 6110Ka cTaTby

KHuea:

Yuriev V.K., Moiseeva K.E., Glushchenko V.A. Fundamentals of
public health and healthcare. Textbook. Saint Petersburg: SpetsLit;
2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint Petersburg:
Petrostat; 2022. (In Russian).

[naea u3 kHueu:

Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh. Healthy
nutrition is the basis of a healthy lifestyle and the prevention of chronic
non-communicable diseases. In: Youth health: new challenges and
prospects. T. 3. Moscow; 2019: 203-227. (In Russian).

Cmamesi u3 XypHana:

Karsanov A.M., Polunina N.V., Gogichaev T.K. Patient safety in
surgery. Part 2: Quality management program for surgical treatment.
Medical technologies. Evaluation and selection. 2019;1(35):56-65.
DOI: 10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Te3ucb! doknados, Mamepuasb! Hay4YHbIX KOHGEePEHYUU:

Markovskaya |.N., Zavyalova A.N., Kuznetsova Yu.V. Microbial
landscape of a patient in the first year of life with dysphagia who
has been in the ICU for a long time. XXX Congress of pediatric
gastroenterologists of Russia and the CIS countries: abstract. report.
Moscow; 2023: 29-31.

Salov I.A., Marinushkin D.N. Obstetric tactics in intrauterine fetal
death. In: Materialy IV Rossiyskogo foruma “Mat’ i ditya”. Part 1:
Moscow; 2000; 516-519. (In Russian).

Asmopecepamel:

Avilov A.Yu. Deviations of gender role identity of men with mental
retardation in a psychoneurological boarding school. PhD thesis.
Saint Petersburg; 2021. (In Russian).

OnucaHue uHmepHem-pecypca:

Natural population movement. Moscow: Rosstat. Available at:
https://rosstat.gov.ru/folder/12781 (accessed: 10/23/2023). (In Russian).

Kealy MAA., Small R.E., Liamputtong P. Recovery after
caesarean birth; a qualitative study of women’s accounts in Victoria,
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INFORMATION

Australia. BMC Pregnancy and Childbirth. 2010. Available at: http:/
www.biomedcentral.com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumep cnucka nutepatypel (References):

JIUTEPATYPA

1. Kpusopyuerko B.K. Xectokoe obpatyeHune ¢ pebeHkom. INposisre-
HWe 1 Mepbl NpeaoTBpaLLeHns. VIHpOpPMaLMOHHBIN ryMaHUTapHbIi
nopTan 3xanue. MoHnmanve. Ymenue. 2012; 3. JoctyneH no: http:/
www.zpu-journal.ru/e-zpu/2012/3/Krivoruchenko_Child-Abuse
(nata obpalyeHus: 27.12.2023).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B., Herrmann B.
Child abuse and neglect: diagnosis and management. Dtsch Arztebl
Int. 2010;107(13):231-239. DOI: 10.3238/arztebl.2010.0231.

REFERENCES

1. Krivoruchenko V.K. Child abuse. Manifestation and prevention
measures. Informatsionnyy gumanitarnyy portal Znaniye.
Ponimaniye. Umeniye. 2012; 3. Available at: http://www.zpu-
journal.ru/e-zpu/2012/3/Krivoruchenko_Child-Abuse (accessed:
27.12.2023) (In Russian).

2. Jacobi G., Dettmeyer R., Banaschak S., Brosig B., Herrmann B.
Child abuse and neglect: diagnosis and management.
Dtsch Arztebl Int. 2010;107(13):231-239. DOI: 10.3238/
arztebl.2010.0231.

Ana ecex cmamell Heo6xodumo yka3bieamb uHdekc DOI
8 KOHYe bubnuozpaghuyecko2o onucaHus, a makxe EDN npu
€20 Hanuyuu.

[Mpumepbi:

CatrapoB A.J., KapenuHa H.P. OcobeHHOCTM poCTOBbIX Npo-
LYeCCOB Yy MamnbyMKOB W HOHOWEN PasnuyHbIX Nponopuuit U Teno-
CIOXeHUs, MPOXWBAIOLWMX B HOXHOM YacTu KbipreisctaHa. lNeamarp.
2018;9(5):47-52. DOI: 10.17816/PED9547-52. EDN: YRAEPZ.

Voropaeva E.E., Khaidukova Yu.V., Kazachkova E.A., et al.
Perinatal outcomes and morphological examination of placentas
in pregnant women with critical lung lesions in new COVID-19
coronavirus infection. Ural Medical Journal. 2023;22(2):109-121.
DOI: 10.52420/2071-5943-2023-22-2-109-121. EDN: CXRCMN. (In
Russian).

OTBETCTBEHHOCTb 3A MPABWUINbHOCTb BUBIUOIPA-
OUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE NPABO
Pepakuus oTb1paeT, rotoBuT K nybnvkawuy 1 nybnukyeT nepeaat-

Hble ABTOpamu MaTepuanbl. ABTOPCKOE NpaBo Ha KOHKPETHYHO CTaThbio

NpUHaANEXUT aBTopam CTaTbu. ABTOPCKWUA roHOpap 3a nybnukauum

ctatelt B XXypHane He Bbinnayusaetcs. ABTOp nepeaaeT, a Pefakums

MPUHMMAET aBTOPCKIMEe MaTepuarbl Ha CreayHLLMX YCIOBUSIX:

1) Pepakuuu nepefaetcs npaBo Ha odopmieHne, U3gaHue, nepe-
pavy XypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Ans Le-
nen pecdhepupoBaHus cTateit U3 Hero B PechepaTBHOM XypHane
BUHWTW, PHUL n 6a3ax aaHHbIX, pacnpocTpaHerne XypHana/
aBTOPCKMX MaTepuaroB B NeYaTHbIX W ANEKTPOHHBIX U3AaHUsX,
BKMIOYas pa3MelLieHne Ha BblbpaHHbIX Nubo co3faHHbIX Pepak-

Luelt caiitax B ceTv VIHTepHeT B Lensx JocTyna k nybnukauum
B MHTEPAKTUBHOM pexume Moboro 3anHTepecoBaHHOro nnua u3
noboro mecta 1 B noboe BpeMs, a Takxe Ha pacnpocTpaHeHne
YKypHana ¢ onybnukoBaHHbIM MaTepuanom ABTOpa No MOAMMCKE;

2) TeppuTOpws, Ha KOTOPOI pa3peLlaeTcs UCroNb30BaTb aBTOPCKMIA
maTtepuan, — Poccuiickas ®egepaums u cetb VIHTEpHET;

3) cpok geiictus [lorosopa — 5 net. Mo UCTeYEHUM yKasaHHOro
cpoka Pegakuus octaBnseT 3a coboi, a ABTop NoATBEPXKAAET
BeccpoyHoe npaBo Pepakuuy Ha npogomkeHne pasmelyeHuns
aBTOPCKOro MaTepuana B ceTu VIHTepHeT;

4) Pepakuns BnpaBe no CBOEMY YCMOTPEHMI0 Be3 kakux-nbo co-
rnacosaHuit ¢ ABTOPOM 3aknioyaTb AOrOBOPbI U COrMaLleHus ¢
TPETbUMU NULAMU, HanpaBneHHbIe Ha AONOMNHUTENbHbIE MEPbI
no 3alUuTe aBTOPCKUX 1 U3LaTENbCKUX Npas;

5) ABTOp rapaHTMpyeT, 4TO Mcnonb3oBaHWe Pepakuuen npego-
CTaBMNeHHOro UM Mo HacToswwemy [loroBopy aBTOpCcKoro mare-
puana He HapyLuT NpaB TPeTbUX nuL;

6) ABTOp oCTaBnsieT 3a cob0 NpaBo MCMONb30BaTh NPeAOCTaBMEH-
HbIi N0 HacTosemy [loroBopy aBTOPCKMiA Matepuan camocTost-
TENbHO, NepeAaBaTh Npasa Ha Hero no A0roBOPY TPETLUM LM,
€Cnu 3T0 He NPOTMBOPEYUT HacTosemy [loroopy;

7) Pepgakumsa npegoctasnset ABTOpy BO3MOXHOCTb 6e3B03Me3a-
HOrO MONyYeHUs CNPaBKM C ANEKTPOHHLIMU aapecamu ero ogu-
UnanbHomn nybnukauum B ceT MHTepHeT;

8) npu nepeneyaTke cTaTbl UMK €€ YaCTM CCbIKa Ha NEPBYIO My-
Gnukauuio B XypHane obs3atenbHa.

NoPAOOK 3AKIMKOYEHUA IOFOBOPA
3akntoyeHnem [lorosopa €O CTOpPOHbI Pepakuun sBnsetcs

ony6nukoBaHue pykonucu AaHHoro AsTopa B XypHane «Russian

Biomedical Research» n pasamelieHue ero Tekcta B cetn MHTepHeT.

3akntoueHnem [lorosopa co CTOpoHbI ABTOpa, T.6. NOMNHbIM 1 6e30ro-

BOPOYHbIM NpUHATEM ABTOPOM ycnoBuii [loroopa, sBnseTcs nepe-

Aava ABTOpPOM PYKOMMCK U 3KCMIEPTHOTO 3aKMIOYEHMS.

PELIEH3UPOBAHUE
Cratby, nocTynuelune B pedakuuio, 0693aTenbHO peLeHanpy-

totcs. Ecnuy peuieH3eHTa BO3HWKAKT BONPOCHI, TO CTaTbs C KOMMEH-

TapusMK pelieH3eHTa Bo3spallaeTca AsTopy. [laToi noctynnexus

cTaTbi cyuTaeTcs Aarta nofyyeHns Pepakuuen oKoHYaTernbHOro

BapuaHTa ctaTbn. Pefakums ocTaBnsieT 3a coboil npaBo BHECEHNS

pefaKkTOPCKMX U3MEHEHWI B TEKCT, HE UCKaXaloLMX CMbICna cTaTbi

(MuTepaTypHas 1 TexHonornyeckas npaeka).

ABTOPCKWE 3K3EMMNAPLI XXYPHANA
Pepakupns o6s3yetcs Bbigath ABTOpY 1 ak3emnnsap YKypHana Ha ka-

KOy OnyBNUKOBAHHYH CTaTbIO BHE 3aBUCMMOCTY OT YMCia aBTOpoB. AB-

TOpbI, NpoxvBatoLLye B CaHkT-MNeTepbypre, nonyyatoT aBTOPCKUN 3K3EM-

nnsp XypHana HenocpefcTeeHHo B Pegakuyvm. MHoropogHum AsTopam

aBTOPCKWI 3k3emMnnsp YKypHara BbIChbINaeTcs Ha agpec aBTopa no 3anpo-

Cy OT aBTOpa. OK3EeMMNNAPbI CrIELBbIMYCKOB HE OTMPAaBMSIOTCS aBTopam.

AOPEC PEOAKLIUK
194100, Cankt-MNetepbypr, Jlutosckas yn., 2
e-mail: scrcenter@mail.ru
Cantbl xypHana: http://lwww.gpmu.org/science/pediatrics-

magazine/Russian_Biomedical_Research, https://ojs3.gpmu.org/

index.php/biomedical-research
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W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABIAET

PykoBOICTBO N0 NefnaTpum.
O®TANIbMOJIOTUA AETCKOI0 BO3PACTA

Peoaxyuonnas xonnecusa moma: /[.0. Heanos, B.B. bpoceckuii

Tom 11 «PykoBojcTBa mo menuaTpuu» OTPa’KaeT COBPEMEHHBIN
YPOBEHb Pa3BUTHS OPTAIBMOIIOTHU JETCKOro Bo3pacta. Kuura co-
JEPKUT aKTyalbHYI0 WHPOPMALHMIO O COBPEMEHHBIX METOJaxX gua-
THOCTHUKH U JICUCHUS 3a00JieBaHuH Ti1a3 y aeteil. OTaenbHbIe pa3aeibl
MOCBAIIEHBl KIMHUYECKUM PEKOMEHJAIUAM MO0 OCHOBHBIM CHHJIPO-
MaM ¥ 3a00JIeBaHUSIM.

Wznanue npegHazHauyeHo oranbMoioram, MeanaTpaM u IpeacTa-
BUTENSAM JAPYTUX MEAMIMHCKUX TUCIUIUIMH, a TakXke CTyJIeHTaM
CTapIINX KypCOB MEIUIIMHCKHUX BY30B.

Tom 11

OdTasrbMoAOrus
AETCKOro Bospacrta

TBepplii eperuier, IBeTHbIE WILTIOCTPalnd, 344 CTpaHUIIbL.

[Ipuobpectu n3naHue MOKHO B MUHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/877706/

PykoBofCTBO N0 nefuaTpum.
HEBPOJIOTNA U NCUXUATPUSA OETCKOIro BO3PACTA

Peoaxyuonnas xonnecusa moma: /[.0. Heanos, B.HU. I'yzesa, C.B. I peuansiii

Tom 9 «PykoBozmcTBa Mo meAMaTpum» OTPakaeT COBPEMEHHBIN
YPOBEHb pPa3BUTHUS HEBPOJOTHU W TICHXUATPUU JETCKOTO BO3pPAaCTa.
Kaura conepxut akTyaiabHyr0 HH(GOPMAIMIO O COBPEMEHHBIX METO-
Jlax AMarHOCTUKH U JIeUeHUs 3a001eBaHI HEPBHOW CHUCTEMBI U TICH-
XUYECKUX paccTpoiricTBax. OTaenpHbIe pa3aebl MOCBAIIEHB KIWHA-
YeCKUM PEKOMEH/IAllMAM 110 OCHOBHBIM CHHJpOMaM U 3a00JIeBaHUSAM.

PykoBoACTBO mpenHa3HauYEHO HEBPOJIOTaM, HEHPOXHUpypram, Mcu-
XuarpaM, TICHUXOTepaneBTaM U TPEACTABUTEISAM APYTUX MEIHUIIHH-
CKHX JTMCIUIUINH, a TAKXKE CTYJACHTAM CTapIINX KYPCOB MEIUITMHCKUX
BY30B.

Tom 9

HeBpOAOFVIiI N ncuxmaTpus
AETCKOro sospacra

Tsepasiii meperutet, 288 cTpaHu.

[Tpuobpectu n3naHne MOKHO B MUHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/877707/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABNAET

OPTONEAWYECKAAA CTOMATONOIUA. NPOTE3UPOBAHUE
HECLEMHbIMW KOHCTPYKLMAMMW 3YBHbIX NPOTE30B

M. @. Cyxapes, C. b. Quwes, M. I Pooickosa

Y4eOHHK COOTBETCTBYEeT mporpamme MUHHUCTEpCTBA 37paBo-
oxpaneHust Poccuiickoii @enepauuu 0o opToONEeIUuUYeCcKOr cTOMa-
TOJIOTHH, TPEAHA3HAUCH U Oy/IeT MOJIe3HBIM JIJIS MIPenojiaBaTeliei
KYpPCOB U CTOMATOJIOTMYECKUX Kadeap, CTYJSHTOB CTOMATOJIOTH-
4eCcKHuX (PaKyabTeTOB, OPJUHATOPOB, aCIIUPAHTOB, Bpauel-CTOMa-
TOJIOTOB.

ABTOpBI OyIyT MPU3HATEIBHBI 32 KPUTUYCCKHE 3aMEUYaHUs U
gs:’fv:v JOMOJIHCHUS.

OPTONEAWYECKAS CTOMATOJIOTUA. TBepaplii neperier, UBETHbIE ILTIOCTpalud, 464 cTpaHUIIbL.
NPOTE3UPOBAHUE HECHEMHBIMU
KOHCTPYKLMAMM 3YBHbIX NPOTE30B

V4eGHVK ANs MEANLIMHCKIX BY30B

Canxr-Merepbypr, 2021

[IpnobpecTu u3ganme MOXKHO B MHTEpHET-Mara3uHe JIabupuHr:
https://www.labirint.ru/books/877708/

MATOJNIOTMYECKAS! AHATOMMS. OBLLNIA KYPC

PA. Hacwipos, /1.0. Heanos, H.- M. Anuuxos, E.FO. Karnununa

B ofmeM kypce maronorndeckoil aHaTOMUHU (KJIMHHYECKOU
maToMop(oIOTHH) pacCMOTPEHBI BOMPOCH OOIIECH MaTOJOTHYE-
CKOW aHATOMHUU: METOABI MCCIEOBAHNS B MMATOMOP(OIOTHH, TI0-
BpeXJICHHE W THOENh KJIETOK M TKaHEH, B TOM YIHCIIe CTapeHue;
P.A. HACBIPOB, 1.0. UBAHOB, HapyuicHus Kp0B006paI_ueHI/I$I 1 UHBIX CpEO OpraHui3Ma, BoCrajec-
SR B R HHeE, perapanusi ¥ pereHepanus, 3a)KUBICHIE paH, IMMYyHHas I1a-
NATONOTVMYECKAS TOJIOTHSI, aJanTaIus, MaToJIOTHs POCTa KIETOK U UX AuddepeH-
[IMPOBKH, OTMYXOJH, TeHETHYeCKHe 3a00JeBaHuUs, YICHHE O JTha-
AH‘“:anI THO3€ B TIATOJIOTHYECKON aHATOMUH, MaTOJIOTHS U (DaKTOPBI OKPY-
QI BARE JKaroIei Cpesl, IaToJI0T s, BEI3BAHHAS TUTAHNEM, KOHCTATAIINS
s LHUSSE  CMEPTH U 1.

Y4eOHHUK paccunWTaH Ha CTYIACHTOB-MEIMKOB Bcex (haxympre-
TOB, a TaKXXe Ha Bpauei, HMHTEPECYIOIMXCS BOMPOCcaMH oOmei
[1aTOJIOTMYECKON aHATOMUH.

TBepaplii epensieT, BETHbIE WiuTtocTpanuu, 280 cTpaHuil.

[TproOpecTu U31aHNEe MOXKHO B MHTEpHET-Marasuse JIabupuHT:
https://www.labirint.ru/books/777658/
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